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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


December  20th,  1916.— The  meeting  was  called  to  order  at  6.30 
p.  M.;  T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  T.  J. 
McMinn,  Assistant  Secretary,  acting  as  Secretary;  and  present,  also, 
90  members  and  12  guests. 

A  paper  by  L.  P.  Jerrard,  Jun.  Am.  Soc.  C.  E.,  entitled  "The 
Valuation  of  Land",  was  presented  by  the  Assistant  Secretary,  and 
discussed  by  Messrs.  Hugh  A.  Kelly,  Edward  S.  Eankin,  W.  J.  Boucher, 
J.  S.  Walker,  and  Franklin  F.  Mayo.  A  communication  on  the  subject 
from  W.  I.  King,  Esq.,  was  presented  by  the  Assistant  Secretary. 

The  Assistant  Secretary  presented  a  letter  from  The  American 
Museum  of  Safety  inviting  the  members  of  the  Society  to  visit  its 
collection  of  exhibits  of  industrial  and  general  safety  appliances  "at 
18  West  24th  Street,  New  York  City. 
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The  Assistant  Secretary  announced  the  following  deaths : 

Edward  Manning  Bigelow,  of  Pittsburgh,  Pa.,  elected  Member, 
December  4th,  1889;  died  December  6th,  1916. 

Daniel  McCool,  of  Grand  Rapids,  Mich.,  elected  Member,  Sep- 
tember 5th,  1883 ;  died  December  1st,  1916. 

Harold  Parker,  of  New  York  City,  elected  Member,  June  7th, 
1899;  died  November  29th,  1916. 

Joseph  Eamsey,  of  Lorain,  Ohio,  elected  Member,  May  1st,  1889; 
died  July  7th,  1916. 

Grant  Rohrer,  of  New  York  City,  elected  Member,  July  1st,  1909 ; 
died  December  12th,  1916. 

Edmund  Brownell  Weston,  of  Providence,  R.  I.,  elected  Member, 
December  6th,  1882 ;  died  December  9th,  1916. 

William  Frederick  Alfred  Anson,  of  Lebanon,  Va.,  elected  Asso- 
ciate Member,  October  1st,  1912 ;  died  July  l7th,  1916. 

George  Edward  Vansittart,  of  France,  elected  Associate  Member, 
March  5th,  1912 ;  died  May  14th,  1916. 

Roger  Tappan,  of  London,  England,  elected  Junior,  December  3d, 
1884;  died  December  6th,  1916. 

Adjourned. 

January  3d,  19 17. — The  meeting  was  called  to  order  at  8.30  p.  m.; 
Director  George  W.  Fuller  in  the  chair;  Chas.  Warren  Hunt,  Sec- 
retary; and  present,  also,  94  members  and  13  guests. 

The  minutes  of  the  meetings  of  November  15th  and  December  6th, 
1916,  were  approved  as  printed  in  Proceedings  for  December,  1916. 

A  paper  by  R.  E.  Bakenhus,  M.  Am.  Soc.  C.  E.,  entitled  "Tests 
of  Concrete  Specimens  in  Sea  Water,  at  Boston  Navy  Yard",  was  pre- 
sented by  the  Secretary,  and  the  subject  was  discussed  by  Messrs.  T. 
Kennard  Thomson,  J.  J.  Yates,  George  W.  Fuller,  J.  R.  McClintock, 
S.  B.  Williamson,  W.  C.  Briggs,  C.  S.  Bilyeu,  W.  E.  Day,  Marshall  W. 
Brown,  W.  F.  Smith,  and  Robert  Ridgway. 

The  Secretary  announced  the  following  deaths: 

Isaac  Wayne  von  Leer,  of  Philadelphia,  Pa.,  elected  Member,  May 
3d,  1899 ;  died  November  23d,  1916. 

David  Miller  White,  of  El  Paso,  Tex.,  elected  Associate  Member, 
November  8th,  1909 ;  died  October  29th,  1916. 

Adjourned. 
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The  Award  of  the  John  Fritz  Medal  for  1916. 

The  John  Fritz  Medal  for  1916,  awarded  to  Professor  Elihu  Thom- 
son for  his  achievements  in  electrical  invention,  electrical  engineering, 
industrial  development,  and  scientific  research,  was  presented  at  a 
meeting  of  the  American  Institute  of  Electrical  Engineers,  held  on 
December  8th,  1916,  at  Central  Hall,  Massachusetts  Institute  of  Tech- 
nology, Boston,  Mass. 

Professor  Albert  Sauveur,  Chairman  of  the  John  Fritz  Medal 
Board  of  Award,  presided.  Mr.  John  J.  Carty,  Chairman  of  the  Presen- 
tation Committee,  gave  briefly  the  history  of  the  establishment  of  the 
medal,  as  follows : 

The  John  Fritz  Medal  was  established  by  the  professional  associ- 
ates and  friends  of  John  Fritz,  of  Bethlehem,  Pa.,  on  August  21st, 
1902,  his  eightieth  birthday,  to  perpetuate  the  memory  of  his  great 
achievements  in  industrial  progress.  The  medal  may  be  awarded 
annually,  but  not  oftener,  and  is  for  notable  scientific  or  industrial 
achievement.  The  medal  is  of  gold,  and  is  accompanied  by  an  engraved 
certificate.  It  is  awarded  by  a  Board  of  sixteen,  appointed  or  chosen 
in  equal  numbers  from  the  membership  of  the  four  National  Engineer- 
ing Societies :  The  American  Society  of  Civil  Engineers,  the  American 
Institute  of  Mining  Engineers,  the  Ainerican  Society  of  Mechanical 
Engineers,  and  the  American  Institute  of  Electrical  Engineers.  The 
members  of  the  Board  at  present  are:  Charles  Warren  Hunt,  John  A. 
Ockerson,  George  F.  Swain,  Charles  D.  Marx,  E.  Gybbon  Spilsbury, 
Charles  F.  Rand,  Christopher  R.  Corning,  Albert  Sauveur,  John  R. 
Freeman,  Ambrose  Swasey,  John  A.  Brashear,  Frederick  R.  Hutton, 
Ralph  D.  Mershon,  C.  O.  Mailloux,  Paul  M.  Lincoln,  and  John  J.  Carty. 

The  first  impression  from  the  artist's  design  was  given  to  Mr. 
Fritz,  himself,  at  a  dinner  given  in  his  honor  in  1902.  Those  who 
received  the  medal  subsequently  were:  Lord  Kelvin,  George  Westing- 
house,  Alexander  Graham  Bell,  Thomas  Alva  Edison,  Charles  T.  Porter, 
Alfred  Noble,  Sir  William  Henry  White,  Robert  Woolston  Hunt,  John 
Edson  Sweet,  and  James  Douglas. 

The  next  speaker,  E.  W.  Rice,  Jr.,  President  of  the  General  Electric 
Company,  gave  an  extended  description  of  Dr.  Elihu  Thomson's  many 
achievements  in  electrical  invention,  electrical  engineering,  industrial 
development,  and  scientific  research. 

Dr.  Richard  C.  Maclaurin,  President  of  the  Massachusetts  Institute 
of  Technology,  then  addressed  the  meeting,  and  paid  a  tribute  of 
respect  to  Dr.  Thomson. 
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The  medal  was  then  presented  to  Dr.  Thomson  by  Dr.  Charles 
Warren  Hunt,  who  was  Chairman  of  the  Board  at  the  time  the  award 
was  made. 

Dr.  Thomson,  in  accepting  the  medal,  expressed  his  deep  sense  of 
appreciation  of  the  honor  conferred  on  him,  and  his  thanks. 

The  meeting  then  adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 

Christmas  Day. 

FUTURE   MEETINGS 

February  7th,  1917.— 8.30  P.  M.— This  will  be  a  regular  business 
meeting.  A  paper  by  A.  C.  Dennis,  M.  Am.  Soc.  C.  E.,  entitled  "Con- 
struction Methods  for  Rogers  Pass  Tunnel",  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

February  21st,  1917-— 8.30  P.  M.— At  this  meeting  a  paper  by 
William  M.  Hall,  M.  Am.  Soc.  C.  E.,  entitled  "The  Water  Supply  of 
Parkersburg,  W.  Va.",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves, little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
•  case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.     Written 
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communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 
San  Francisco  Association,  Organized  1905. 

President,  H.  L.  Haehl;  Secretary,  E.  T.  Thurston,  57  Post  Street, 
San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet," 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
and  October,  and  the  third  Friday  of  December,  the  last  being  the 
Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

President,  Thomas  W.  Jaycox;  Secretary-Treasurer,  L.  E.  Hinman, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
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nished  on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

November  nth,  1916. — The  meeting  was  called  to  order  at  the 
Denver  Athletic  Club;  President  Jaycox  in  the  chair;  L.  E.  Hinman, 
Secretary;  and  present,  also,  16  members  and  11  guests. 

The  minutes  of  the  meetings  of  September  9th  and  October  7th, 
1916,  were  read  and  approved. 

The  Secretary  announced  the  addition  of  three  new  members, 
making  the  total  membership  of  the  Association  90. 

Mr.  H.  S.  Crocker  reported  that  the  Board  of  Direction  of  the 
Society  had  decided  to  hold  a  second  meeting  outside  of  New  York 
City,  in  rotation  in  the  Geographical  Districts,  such  meeting  being  for 
the  discussion  of  technical  papers,  and  that  in  all  probability  the  meet- 
ing would  be  allotted  to  the  Denver  District  in  1918. 

On  motion,  duly  seconded.  President  Jaycox  appointed  a  Com- 
mittee to  confer  with  Governor  (elect)  Gunter  for  the  purpose  of 
securing  the  appointment  of  an  engineer  to  fill  the  vacancy  that  will 
occur  on  January  1st,  1917,  in  the  State  Public  Utilities  Commission, 
as  follows:  Messrs.  M.  S.  Ketchum  (Chairman),  H.  S.  Crocker,  J.  B. 
Hunter,  A.  0.  Eidgway,  and  G.  M.  Bull. 

Mr.  M.  H.  Aylesworth,  Chairman  of  the  State  Public  Utilities  Com- 
mission, addressed  the  meeting  on  "State  Control  of  Public  Utilities", 
and  was  followed  by  Mr.  Fred  J.  Eankin,  Electrical  and  Telephone 
Engineer  of  the  Commission,  whose  subject  was  "Eegulation  from  an 
Engineering  Standpoint".  The  subjects  were  discussed  by  Messrs. 
Ketchum,  Eidgway,  and  Wilkinson. 

A  vote  of  thanks  was  tendered  Messrs.  Aylesworth  and  Eankin  for 
their  instructive  papers. 

Adjourned. 

Atlanta  Association,  Organized  191*2. 

President,  Paul  H.  Norcross ;  Secretary-Treasurer,  Thomas  P. 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Eegular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

President,  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

President,  Eobert  Hoffmann;  Secretary-Treasurer,  George  H. 
Tinker,  Hickox  Building,  Cleveland,  Ohio. 
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Detroit  Association,  Organized  1916. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1916. 

President,  Onward  Bates;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

President,  W.  B.  Gregory;  Secretary,  Charles  W.  Okey,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Northwestern  Association,  Organized  1914. 

President,  George  L.  Wilson;  Secretary,  Ralph  D.  Thomas,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized  1913. 

President,  Samuel  T.  Wagner;  Secretary,  C.  W.  Thorn,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson ;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

President,  W.  J.  Gough ;  Secretary-Treasurer,  J.  R.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 
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(Abstract  of  Minutes  of  Meeting) 

December  ist,  1916 — The  Second  Annual  Meeting  was  called  to 
order;  President  IST.  B.  Kellogg  in  the  chair;  J.  E.  Comly,  Secretary. 

After  the  transaction  of  routine  business,  the  letter-ballots  for 
officers  for  the  ensuing  year  were  canvassed,  resulting  in  the  election 
of  the  following:  President,  W.  J.  Gough;  Vice-President,  W.  S.  Post; 
and  Secretary-Treasurer,  J.  R.  Comly. 

H.  N.  Savage,  M.  Am.  Soc.  C.  E.,  lectured  before  the  meeting  on 
''Construction  and  Operation  of  Water- Works",  illustrating  his  remarks 
by  a  number  of  beautifully  colored  lantern  slides. 

Adjourned. 

Seattle  Association,  Organized  1913. 

President,  A.  O.  Powell;  Secretary-Treasurer,  Carl  H.  Reeves, 
444  Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

Southern  California  Association,  Organized  1914. 

President,  H.  Hawgood;  Secretary,  W.  K.  Barnard,  1105  Central 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  vsdth  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  P.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

December  13th,  1916.— The  Annual  Meeting  was  called  to  order  at 
the  Hotel  Clark;  President  William  Mulholland  in  the  chair;  W.  K. 
Barnard,  Secretary. 

The  minutes  of  the  meeting  of  October  11th,  1916,  were  read  and 
approved. 

Mr.  Charles  H.  Lee,  Chairman  of  the  Meteorological  Committee, 
submitted  a  written  report  giving  a  resume  of  the  work  of  the  (Com- 
mittee for  the  year.  The  report  was  accepted,  and  the  Committee 
continued.  In  connection  with  the  report  of  this  Committee,  the  Sec- 
retary was  instructed  to  extend  the  thanks  of  the  Association  to  the 
U.  S.  Weather  Bureau  officials  stationed  at  Los  Angeles  for  their 
assistance  and  co-operation  in  the  work  undertaken  by  the  Committee. 

Mr.  E.  T.  Flaherty  submitted  the  report  of  the  Committee  on  the 
Licensing  of  Architects. 

Mr.  H.  Hawgood  reported,  for  the  Committee  on  Industrial  Pre- 
paredness, that  its  work  had  been  accomplished,  and  the  Committee 
was  discharged. 
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President  Mulholland  announced  the  election  of  officers  for  the 
coming  year,  as  follows:  President,  H.  Hawgood;  Vice-President, 
Homer  Hamlin. 

T.  D.  Allin,  M.  Am.  Soc.  C.  E.,  Commissioner  of  Public  Works  of 
Pasadena,  Cal.,  and  his  City  Engineer,  Mr.  R.  Y.  Orbison,  presented 
an  illustrated  talk  on  "What  Other  Cities  in  the  United  States  are 
Doing  with  Their  Sewage". 

Adjourned. 

Spokane  Association,  Organized  1914. 

President,  E.  G.  Taber;  Secretary,  B.  J.  Garnett,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized  1913. 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witts,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

President,  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Kleinschmidt, 
306  Dooley  Building,  Salt  Lake  City,  Utah. 

PRIVILEGES    OF    ENGINEERING    SOCIETIES 

EXTENDED   TO   MEMBERS    OF   THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings: 

American  Institute  of  Electrical  Engineers,  25  West  Thirty-ninth 

Street,  New  York  City. 
American   Institute  of  Mining  Engineers,   25  West  Thirty-ninth 

Street,  New  York  City. 
American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 

Street,  New  York  City. 
Architekten=Verein   zu   Berlin,  Wilhelmstrasse  92,  Berlin  W.   6G, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
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Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrouf?h,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  Eiver  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur-  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 
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Pacific  Northwest  Society  of  Engineers,  312  Central  Building, 
Seattle,  Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur=  und  Architekten=Verein,  Dresden,  Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary,  Mont- 
pelier,  Vt. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chi- 
cago, 111. 
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ANNUAL   KEPORT    OF    THE   BOARD   OF   DIRECTION   FOR 
THE  YEAR  ENDING  DECEMBER  31st,  1916. 

In  compliance  with  the  Constitution,  the  Board  of  Direction  pre- 
sents its  report  for  the  year  ending  December  31st,  1916. 

MEMBERSHIP 

The  changes  in  membership  are  shown  in  the  following  table: 


Jan.  1st,  1916. 

Jan.  1st,  1917. 

Losses. 

Addi- 
tions. 

Totals. 
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Honorary  Members. 
Corresponding    " 

6 
1 

6 
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3  431 

8  487 

167 

803 

14 

"m 

625 

66 

132 

5 

4 
1 

2  833 

3  142 
102 
593 

8 

4 

1 

3  514 

3  767 

168 

725 

18 

§2 

668  2  763 

'165 

1 

129 

19 
41 

1 
23 

18 
80 
4 
48 

67 
15 
3 
2 
1 

90 

tl06 
il29 

*81 

342 

10 

119 

104 
191 

9 
197 

1 

504 

187 

471 

10 

119 

787 

83 

Associate  Members. 

607 

68 

147 

6 

3  880 

99 

656 

8 

280 

1 

§78 

§1 

235 

84 

95 

Totals 

1  496  fi  413 

7  909 

1  509 

6  683 

8  192 

285 

552 

283 

*  1  Reinstatement. 

1 105  Associate  Members,  1  Associate. 

X  129  Juniors. 

§  Decrease. 

It  will  be  noted  that  the  net  increase  in  membership  for  the  year 
was  283. 

The  number  of  applications  received  during  1916  was  884:  627  for 
admission  and  257  for  transfer. 

The  losses  by  death  during  the  year  number  90  and  are  as  follows: 

Honorary  Members  (2) :  Grenville  Mellen  Dodge,  Don  Juan 
Whittemore. 

Members  (67)  :  Thomas  Appleton,  Miguel  de  Teive  e  Argollo,  Robert 
James  Beach,  Edward  Manning  Bigelow,  Richard  Parkhurst  Bloss, 
Virgil  Gay  Bogue,  Charles  Adolphus  Caldwell,  Edward  Canfield,  Walter 
Frank  Carr,  Charles  Hopkins  Cartlidge,  Amory  Coffin,  Cloud  Clitford 
Conkling,  Elmer  Lawrence  Corthell,  David  West  Cunningham,  Daniel 
Burke  Dunn,  John  Waldo  Ellis,  Theodore  Newel  Ely,  Asa  Betts  Fitch, 
Henry  Floy,  William  Wallace  Follett,  George  Aiken  Gilfillan,  Carl 
Robert  Grimm,  Henry  Arthur  Hall,  Arthur  Hider,  Sidney  Willett 
Hoag,  Jr.,  Frederick  William  Doane  Holbrook,  Charles  Wilcox  Hotch- 
kiss,  William  Edwin  Hoyt,  William  Henry  Jaques,  John  Howard  John- 
ston, Frederic  Charles  Kunz,  Erasmus  Darwin  Leavitt,  Daniel  McCool, 
Thomas  Francis  McCrickett,  Theodore  Hall  McKenzie,  Henry  Coathupe 
Mais,    William   Ridley   Neely,    William   Jasper    Nicolls,    Joseph    Otis 
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Osgood,  Harold  Parker,  William  Rodney  Patterson,  Charles  Henry 
Preston,  Joseph  Ramsey,  Louis  Henry  Rathmann,  James  Vincent 
Rockwell,  Grant  Rohrer,  Henry  Rohwer,  Robert  Maitland  Roy,  Leonard 
Warren  Rundlett,  Charles  Conrad  Schneider,  Frank  Edson  Shedd, 
Frank  Oscar  Sinclair,  William  Sooy  Smith,  Charles  Sooysmith,  Frank 
McMillan  Stanton,  George  Way  Swinburne,  Ernest  Frederick  Tabor, 
Sledge  Tatum,  Stevenson  Towle,  George  Washington  Vaughn,  Theo- 
dore Voorhees,  Charles  Perkins  Webber,  Edmund  Brownell  Weston, 
James  Knapp  Wilkes,  David  Williams,  Charles  Jeptha  Hill  Woodbury, 
Arthur  Francis  Wrotnowski. 

Associate  Members  (15) :  Augustus  Waterous  Agnew,  William 
Frederick  Alfred  Anson,  Robert  Hammond  Boynton,  Lester  Lyman 
Coleman,  Frank  Joseph  Conlon,  George  Lenox  Crawford,  Frans 
Engstrom,  Loren  Edward  Hunt,  Jose  Petronio  Katigbak,  Stanley 
Hastings  McMullen,  Philip  Henry  Parthesius,  Roy  Karl  Schlafly, 
William  Thomas  Shaw,  George  Edward  Vansittart,  James  Madison 
Warner. 

Associates  (3) :  Ludlow  Victor  Clark,  William  Cooper  Cuntz, 
Charles  Wilson  Ross. 

Juniors  (2)  :  Curtiss  Millard,  Roger  Tappan. 

Fellows  (1)  :  James  Jerome  Hill. 

LIBRARY 

The  total  contents  of  the  Library  and  the  increase  from  January 
1st  to  October  1st,  1916,  are  shown  in  the  following  statement: 

Total  Increase 

Contents.  during  1916. 

Bound  volumes 26  858  986 

Unbound  volumes 49  170  1  439 

Specifications    8  043  174 

Maps,  photographs,  and  drawings....  5  275  39 

Total "89  346  2  638 

Of  these,  934  were  donations  received  in  answer  to  special  requests ; 
58  were  donations  from  publishers ;  1  478  were  donations  received  in 
regiilar  course,  and  168  were  purchased. 

The  value  of  accessions  to  the  Library  during  the  year  is  as  follows, 
each  accession  having  been  valued  separately  as  received: 

Donations  and  exchanges   (estimated  value) .  .     $1  861.65 

168  volumes  purchased   (cost) 340.76 

Binding   251  volumes 302.31 

$2  504.72 

*  If  the  increase  during  the  year  be  added  to  the  total  contents  of  the  Library  as 
given  in  last  year's  report,  the  resulting  figure  would  be  90  067.  The  discrepancy  is 
due  to  consolidation  of  many  pamphlets  heretofore  accessioned  separately.  408  have 
been  added  since  consolidation  of  the  library  with  that  of  the  United  Engineering 
Society   and  in  addition  750  have  been  received  which  have  not  as  yet  been  accessioned. 
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The  following  amounts  have  been  exj^ended  upon  the  Library  dur- 
ing the  year : 

Purchases,    subscriptions,    and    binding $829.45 

Fixtures,  supplies,  express  charges,  etc 95.54 

Total $924.99 

The  card  index  now  contains  about  103  000  cards. 

During  the  year  91  new  searches  or  bibliographies  (containing 
2  587  separate  references)  have  been  made,  and  copies  of  21  searches 
made  in  previous  years  have  been  furnished  to  members  and  others. 
The  total  cost  of  this  work,  $672.79,  has  been  charged  to  those  for 
whom  it  was  undertaken. 

There  have  been  153  articles  or  illustrations  reproduced  by  pho- 
tography from  books  in  the  Library  at  a  cost  of  $46.21. 

For  a  little  more  than  two  years  (since  November,  1914),  the 
references  to  current  technical  literature  which  have  for  many  years 
been  published  monthly  in  Proceedings  have  been  written  on  cards, 
in  such  form  that  after  they  have  served  their  purpose  as  copy  for  the 
printer,  they  are  filed  for  reference  under  specific  headings.  Thus 
has  been  started  an  up-to-date,  and  easily  consulted,  index  to  more 
than  112  engineering  periodicals  and  society  publications,  containing 
about  20  000  cards. 

The  total  attendance  in  the  Reading  Room  and  Library  during 
the  year  was  3  860.  This  does  not  include  those  who  use  the  Library 
during  the  semi-monthly  meetings. 

Since  October  1st  the  Library  has  been  under  the  management  of 
the  United  Engineering  Society  Library  Board,  although  still  on  the 
shelves  of  the  Society  House.  While  the  Librarians  have  been  part 
of  the  staff  of  the  U.  E.  S.  Library,  as  a  matter  of  convenience  they 
have  been  under  the  direction  of  the  Secretary  of  the  Society,  and 
will  remain  so  until  the  books  are  moved.  The  work  of  getting  ready 
to  move  the  Library  to  the  Thirty-ninth  Street  Building  necessitated 
examining  each  one  of  the  88  938  accessions,  and  the  marking  of  those 
which  were  found  to  be  duplicates.  This  work  was  finished  during 
the  year,  and  it  was  ascertained  that  67  242  of  the  accessions  in 
the  Library  of  this  Society  were  not  duplicated  in  the  U.  E.  S.  Library. 

The  Reading  Room  service  has  been  maintained,  searches  have 
been  made,  and  other  Library  work  carried  on  just  as  in  the  past  with 
the  exception  that  no  additions  have  been  made  to  the  Library  since 
October  1st,  which  accounts  for  the  somewhat  small  number  of  acces- 
sions during  the  year. 

It  is  expected  that  shelving  will  be  ready  at  the  Thirty-ninth  Street 
Building  within  a  short  time,  and  as  soon  as  the  books  are  moved  to 
that  Building  and  become  physically  a  part  of  the  U.  E.  S.  Library, 
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all  correspondence  about  Library  matters  should  be  carried  on  by  the 
membership  with  the  Librarian  of  the  United  Engineering  Society. 
Notice  of  this  will  be  given  to  the  members  in  Proceedings. 

SPECIAL  COMMITTEES 

There  are  at  present  nine  Special  Committees  appointed  to  report 
on  Engineering  subjects,  the  membership  of  which  consists  of  69 
members  of  the  Society.  In  these  69,  however,  there  are  some 
duplications. 

In  connection  with  the  work  of  these  Committees,  meetings  have 
been  held,  the  minutes  of  which  have  been  published  in  Proceedings, 
and  reports  have  been  presented  by  all  of  them  either  at  the  Annual 
Meeting  of  1916,  or  have  been  received  for  presentation  to  the  Annual 
Meeting  of  1917,  the  reports  from  the  Special  Committees  on  Valuation 
of  Public  Utilities,  Concrete  and  Reinforced  Concrete,  and  to  Investi- 
gate Conditions  of  Employment  of,  and  Compensation  of.  Civil  Engi- 
neers, being  final  reports. 

During  the  year  contributions  of  $2  500  each  have  been  received 
from  the  Bethlehem  Steel  Company,  the  Cambria  Steel  Company,  and 
the  Lackawanna  Steel  Company,  toward  the  work  of  the  Special  Com- 
mittees to  Report  on  Stresses  in  Railroad  Track  and  on  Steel  Columns 
and  Struts.  The  sum  of  $4  115.07  has  been  expended  by  the  Society 
for  the  work  of  Special  Committees. 

PUBLICATIONS 

During  the  year,  ten  numbers  of  Proceedings,  one  volume  of  Trans- 
actions, and  one  Year  Book,  have  been  issued. 

In  Proceedings  the  list  of  references  to  current  engineering  litera- 
ture has  been  continued,  and  has  covered  146  pages  and  contained 
6  825  classified  references  to  112  periodicals. 

The  stock  of  the  various  publications  of  the  Society,  kept  on  hand 
for  the  convenience  of  members  and  others,  now  amounts  to  179  672 
copies,  the  cost  of  which  to  the  Society,  for  paper  and  press  work 
only,  has  been  $29  233.43. 

During  the  year  5  557  volumes  of  Transactions  have  been  bound 
for  members  and  others  in  standard  half -morocco  and  cloth  bindings. 

Summary  of  Publications  fob  1916. 


Transactions  Volume  LXXX.., 
Proceedings  (monthly  numbers) . 
Year  Book 


Total 12 


Issues. 

Average 
Editions. 

Total 
Pages. 

Plates. 

Cuts. 

1 

8  400 

2  301 

70 

544 

10 

8  350 

2  892 

15 

355 

1 

8  800 

356 

1 

... 

12 

5  549 

86 

899 
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The  cost  of  publications  has  been : 

For  Paper,  Printing,  etc..  Transactions  and  Proceedings.  .  $33  333.68 

For  Plates  and  Cuts 1  403.12 

For  Boxes,  Mailing  Lists,  Copyright,  and  Sundry  Expenses .  908.83 

For  10  825  Extra  Copies  of  Papers  and  Memoirs 1  010.09 

For  Year  Book 2  629.20 

Total $39  284.94 

Deduct  amount  received  from  sale  of  publications 3  220.24 

Net  expenditure  for  publications  for  1916 $36  064.70 

The  net  cost  of  publications  for  1916  is  $12  099.23  less  than  that 
for  1915,  which  is  due  to  two  causes:  First,  a  recommendation  of  the 
Board  of  Direction  that  the  expense  of  publication  should  be  cut  down 
as  much  as  possible  during  this  year  in  view  of  several  financial  prob- 
lems which  confronted  the  Society;  and  secondly,  to  a  strong  effort 
made  by  the  Committee  to  enhance  the  value  of  the  Society  publi- 
cations for  the  use  of  the  busy  Engineer  by  the  exclusion  of  unneces- 
sary tabular  matter  and  illustrations,  and  the  elimination  of  matter 
which  elaborates  well-known  theory  and  practice,  confining  descrip- 
tions of  accomplished  work  to  those  parts  which  describe  novel  methods, 
and,  in  a  general  way,  adding  to  the  efficiency  of  the  publications  and 
consequently  to  the  economy  of  their  production. 

CHANGE  OF  SOCIETY  HEADQUARTERS 

The  project  of  joining  the  American  Institute  of  Mining  Engineers, 
the  American  Society  of  Mechanical  Engineers,  and  the  American 
Institute  of  Electrical  Engineers,  in  the  ownership  and  occupancy  of 
the  United  Engineering  Society  Building  on  West  Thirty-ninth  Street, 
which  vi&s  started  in  June,  1915,  has  progressed  with  some  rapidity 
during  1916.  The  Board  of  Direction  formulated  the  project,  and  it 
was  submitted  to  a  referendum  of  the  entire  Corporate  Membership.- 
The  vote  on  the  acceptance  of  the  main  proposition  was  2  500  in  favor 
and  390  against,  and  was  also  largely  in  favor  of  the  plan  of  increas- 
ing the  height  of  the  building  by  the  addition  of  three  stories.  This 
is  the  plan  which  is  now  being  executed.  It  was  necessary  to  carry  the 
three  additional  stories  on  four  columns  extending  through  the  present 
building,  and  that  part  of  the  work  has  been  finished,  and  a  contract 
for  the  completion  of  the  addition  has  been  already  awarded.  While 
there  has  been  much  delay  on  account  of  slow  deliveries  of  steel,  etc., 
it  is  hoped  that  the  building  will  be  ready  for  occupancy  toward  the 
latter  part  of  the  summer  of  1917.  The  present  property  of  the  Society 
in  57th  Street  has  been  placed  on  the  market. 
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MEETINGS 

Twenty-five  meetings  were  held  during  the  year,  as  follows:  At  the 
Annual  Meeting,  2 ;  at  the  Annual  Convention,  2 ;  and  21  other  meetings, 
all  of  which  were  held  at  the  Society  House. 

At  these  meetings  there  were  presented  twenty  formal  papers,  six 
of  which  were  illustrated  with  lantern  slides,  four  lectures,  all  of 
which  were  illustrated  with  lantern  slides,  and  four  informal  discus- 
sions, one  of  which  was  illustrated  with  lantern  slides.  There  were 
also  four  papers  published  which  were  not  presented  for  discussion  at 
any  meeting  of  the  Society.  The  number  of  members  and  others  who 
took  part  in  the  preparation  or  discussion  of  these  papers  and  lectures 
was  225. 

The  Forty-eighth  Annual  Convention  was  held  at  Pittsburgh,  Pa. 

The  total  attendance  at  the  25  meetings  was  about  4  975.  The 
registered  attendance  at  the  Annual  Meeting  was  1  200,  and  at  the 
Annual  Convention,  514,  but  there  were  many  guests  J)resent  at  all 
these  meetings,  and  also  members  who  failed  to  register. 

At  each  of  the  ordinary  semi-monthly  meetings  held  during  the 
year  collations  have  been  served,  and  these  have  been  paid  for  out  of 
the  Society  funds,  in  accordance  with  the  action  of  the  Annual  Meet- 
ing of  1912. 

MEDALS  AND  PRIZES 

For  the  year  ending  with  the  month  of  July,  1915,  prizes  were 
awarded  as  follows : 

The  Norman  Medal  to  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  for  his 
paper  entitled  "Storage  to  be  Provided  in  Impounding  Reservoirs  for 
Municipal  Water  Supply." 

The  J.  James  R.  Croes  Medal  to  Richard  R.  Lyman,  Assoc.  M. 
Am.  Soc.  C.  E.,  for  his  paper  entitled  "Measurement  of  the  Flow  of 
Streams  by  Approved  Forms  of  Weirs  with  New  Formulas  and 
Diagrams." 

The  Thomas  Fitch  Rowland  Prize  to  Charles  W.  Staniford, 
M.  Am.  Soc.  C.  E.,  for  his  paper  entitled  "Modern  Pier  Construction 
m  New  York  Harbor." 

The  James  Laurie  Prize  to  J.  E.  Greiner,  M.  Am.  Soc.  C.  E.,  for 
his  paper  entitled  "Coal  Piers  on  the  Atlantic  Seaboard." 

The  Collingwood  Prize  for  Juniors  to  George  Schobinger,  Jun. 
Am.  Soc.  C.  E.  (now  Assoc.  M.  Am.  Soc.  C.  E.),  for  his  paper  entitled 
"Colorado  River  Siphon." 

FINANCES 

It  will  be  noted  on  the  Balance  Sheet  that  $54  000.00  has  been  paid 
to  the  United  Engineering  Society  on  account  of  the  building  expenses, 
the  arrangement  being  that  this  Society  will  furnish  the  money  for 
this  operation,  the  total  cost  not  to  exceed  $250  000. 
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The  Building  Committee,  however,  finds  that  due  to  the  great  and 
unexpected  increase  in  cost  of  material,  the  total  cost  will  certainly 
exceed  $250  000,  and  has  asked  each  of  the  four  Founder  Societies  to 
become  responsible  for  its  share  of  an  additional  amount,  which  it  is 
estimated  will  be  $50  000.  Your  Board  has  acted  favorably  on  this 
proposition. 

In  order  to  raise  funds  to  meet  the  necessary  expenses  of  building, 
a  mortgage  of  $200  000,  at  5%,  has  been  placed  upon  the  Society  prop- 
erty, which  was  entirely  free.  Only  $20  000  of  this  amount  was  drawn 
at  the  time  of  the  execution  of  the  mortgage,  and  arrangements  have 
been  made  by  which  additional  amounts  will  be  received  when  needed, 
thus  saving  unnecessary  interest  charges. 

The  reports  of  the  Secretary  and  Treasurer  are  appended. 

By  order  of  the  Board  of  Direction, 

Chas.  Warren  Hunt, 

Secretary. 

January  15th,  1917. 
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EEPOET  OF  THE  SECRETAEY  FOR  THE 

To  THE  Board  of  Direction  of  the 

Gentlemen: — I  have  the  honor  to  present  a  statement  of  Receipts 
and  Disbursements  for  the  fiscal  year  of  this  Society,  ending  December 
31st,  1916.  I  also  append  a  general  balance  sheet  showing  the  con- 
dition of  the  affairs  of  the  Society. 

Respectfully  submitted, 

Chas.  Warren  Hunt, 

Secretary. 

Receipts. 
'  Balance  on  hand  December   31st,   1915,   in   Bank,   Trust 

Company,  and  in  hands  of  Secretary $9  474.44 

Entrance   Fees    $14  740.00 

Current    Dues 89  058.19 

Past    Dues 5  446.18 

Advance    Dues 30  425.76 

Certificates  of  Membership 716.41 

Badges    3  314.50 

Sales    of    Publications 3  220.24 

Library    1  066.31 

Annual  Meeting 1  673.67 

Binding    7  236.87 

Interest   3  768.11 

Miscellaneous    755.19 

General  Printing 159.47 

Bond  and  Mortgage 18  310.00 

Work  of  Committees 7  500.00 

80  —  4%  and  44i%  New  York  City  Bonds,  sold .     81  787.50 

269 178.40 


^278  652.84 
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YEAR  ENDING  DECEMBER  31st,  1916. 

American  Society  of  Civil  Engineers. 

Disbursements. 

Salaries  of  Officers $15  100.00 

Mileage   of   Directors 5  486.58 

Mileage  of  Nominating  Committee 589.32 

Work     of     Committees     (Including     Mileage, 

$1  354.58) 4  115.07 

Clerical    Help, 23  107.82 

Caretaking 1  760.12 

Publications 39  284.94 

Postage 6  623.88 

General   Printing 3  334.98 

Office    Supplies 1  230.22 

House    Supplies 175.67 

Library 1  838.34 

Library    Maintenance 95.54 

Badges 2  149.50 

Certificates  of  Membership 513.30 

Binding 3  924.32 

Prizes 272.52 

Annual    Convention 438.09 

Annual    Meeting 2  753.13 

Buildings 64.05 

Betterments 40.00 

Maintenance    of    House 388.45 

Heat,  Light  and  Water 1  330.38 

Furniture 127.35 

Interest 630.53 

Insurance 290.00 

Current  Business  (Includes  Telephone  Service 

and  all  Expenses  of  Meetings) 3  736.62 

Petty  Expenses 214.97 

International  Engineering  Congress,  1915....  3  240.00 

Bond  and  Mortgage 50  000.00 

United  Engineering  Building,  Enlargement.  ..  54  000.00 

Change  of  Society  Headquarters 942.06 

Miscellaneous 966.81 


Balance  on  hand,  December  31st,  1916 : 

In  Garfield  National  Bank $48  388.28 

In  Hands  of  Secretary 1  500.00 


$228  764.56 

49  888.28 
$278  652.84 
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REPOET  OF  THE  TREASURER. 

In  compliance  with  the  provisions  of  the  Constitution,  I  have  the 
honor  to  present  the  following  report  for  the  year  ending  December 
31st,  1916: 

Balance  on  hand,  December  31st,  1915 $9  474.44 

Receipts  from  current  sources,  January  1st  to 

December  31st,  1916 $161  580.90 

Sold,  80  New  York  City  4%  and  4|%  Bonds.  .     81  787.50 

Donations  on  account  of  Special  Committees 
(Stresses  in  Railroad  Tracks,  and  Steel  Col- 
umns and  Struts) 7  500.00 

First  Installment  on  new  Mortgage 

Loan    $20  000.00 

Expenses   on   account   of   Mortgage 

Loan    1 690.00     18  310.00 

$269  178.40 

Payment    of    Audited    Vouchers    for    Current 

Business,  January  1st  to  December  31st,  1916.  120  582.50 

Payment  of  Mortgage   (Balance) 50  000.00 

Payments  on  account  of  United  Engineering 

Building   Enlargement 54  000.00 

International  Engineering  Congress,  1915 ....       3  240.00 

Change  of   Society  Headquarters 942.06 

Balance  on  hand,  December  31st,  1916 : 

In  Garfield  National  Bank $48  388.28 

In  hands  of  the  Secretary 1  500.00     49  888.28 

$278  652.84     $278  652.84 
Respectfully  submitted, 

Lincoln  Bush, 

Treasurer. 
New  York,  January  15th,  1917. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  December  3d  to  December  30th,  1916) 

DONATIONS* 

water-supply; 

Considered  Principally  from  a  Sanitary  Standpoint.  By  William 
P.  Mason,  M.  Am.  Soc.  C.  E.  Fourth  Edition,  Eewritten.  Cloth, 
9i  X  6  in.,  illus.,  10  +  528  pp.  New  York,  John  Wiley  &  Sons,  Inc.; 
London,  Chapman  &  Hall,  Limited,  1916.  $3.75.  (Donated  by  the 
Author.) 

The  third  edition  of  this  book  was  published  in  1902.  It  is  stated,  however,  that 
so  much  that  is  new  has  been  added  to  our  knowledge  on  the  subject  of  Water  Supply 
that  it  has  been  necessary  to  rewrite  considerable  portions  of  the  original  text  and  to 
make  many  additions.  After  a  short  introductory  chapter  relative  to  the  history  of 
ancient  water  supplies,  the  author  discusses  the  pollution  of  drinking  water  and  its 
resulting  diseases.  This  is  followed  by  chapters  on  the  artificial  and  natural  puriiica- 
tion  of  water  in  which  he  describes  the  various  kinds  of  filters,  both  American  and 
European,  their  construction,  operation,  maintenance,  etc.,  as  well  as  purification  by 
nitrification,  agitation,  aeration,  sedimentation,  etc.,  together  with  a  brief  account 
of  the  laws  relative  to  the  pollution  of  streams.  There  are  also  chapters  on  impuri- 
ties in  rain,  ice,  and  snow,  and  their  effect  on  water  supplies,  the  variations  in 
river  and  stream  water,  the  bacteriology  of  flowing  water,  stored  water,  ground- 
water, and  deep-seated  water,  with  descriptions  of  methods  for  obtaining  and  purify- 
ing such  waters.  Chapter  X  contains  statistics  of  per  capita  supplies  in  American 
and  European  cities,  influence  of  meters  on  waste,  water  consumption,  etc.,  and 
Chapter  XI  is  devoted  to  a  discussion  of  the  action  of  water  on  various  metals. 
There  are  also  Appendices  on  the  analyses  of  sea-water,  and  on  the  pollution  of 
streams  and  water  supplies.  The  Contents  are  :  Introductory  ;  Drinking- Water  and 
Disease;  Artificial  Purification  of  Water;  Natural  Purification  of  Water;  Rain,  Ice, 
and  Snow ;  River  and  Stream  Water ;  Stored  Water ;  Ground-Water ;  Deep-Seated 
Water;  Quantity  or  Per  Capita  Daily  Supply;  Action  of  Water  upon  Metals; 
Appendix  A,  Analyses  of  Sea  Waters  ;  Appendix  B,  Rights  and  Duties  Regarding 
the  Pollution  of  Streams ;  Appendix  C,  Typhoid  Fever  Contracted  from  Drinking 
Polluted  Water  Decided  to  be  "an  Accident"  ;   Index. 

HYDRO-ELECTRIC  POWER: 

Volume  I,  Hydraulic  Development  and  Equipment;  Volume  II, 
Electrical  Equipment  and  Transmission.  By  Lamar  Lyndon.  Cloth, 
9^  X  6:1  in.,  illus.,  2  vol.  New  York,  McGraw-Hill  Book  Company,  Inc. ; 
London,  Hill  Publishing  Co.,  Ltd.,  1916.     Vol.  I,  $5.00;  Vol.  II,  $3.50. 

It  was  the  author's  intention,  it  is  stated,  to  publish  this  work  in  one  volume, 
but,  in  order  to  make  it  less  cumbersome  and  more  convenient  for  reference,  the 
subject-matter  has  been  divided  into  two  volumes.  The  author's  aim  has  been,  it 
is  said,  to  produce  an  accurate,  clear  and  complete  work  for  the  guidance  of  engi- 
neers in  the  practical  design  of  hydro-electric  plants,  which  is  founded  on  experience 
and  accepted  practice.  Scientific  discussions  of  various  hypotheses  and  theories  have 
been  omitted,  it  is  stated,  except  where  they  are  essential  to  the  understanding  of  the 
subjects  treated.  In  Volume  I,  it  is  said,  certain  methods  of  treatment  described 
are  new  and  consistent  adherence  to  the  physics  of  the  problems  has  been  main- 
tained throughout  the  work.  A  number  of  new  and  original  formulas  are  presented, 
among  which  are  the  exact  formulas  for  solid  dams  and  for  the  magnitude  and  loca- 
tion of  the  resultants  of  forces  acting  on  dams.  The  author,  it  is  stated,  also  takes 
issue  with  the  theory  of  uplift  pressure  under  solid  dams,  as  generally  accepted  by 
the  Profession.  In  Volume  II,  the  fundamentals  of  electric  circuits  are  discussed 
from  a  physical  instead  of  a  mathematical  standpoint  for  the  convenience  of  the 
engineer  who  already  understands  the  principles  of  electric  circuits  and  alternating 
currents.  The  author,  it  is  stated,  prefers  wooden  or  concrete  poles  for  supporting 
transmission  lines  and  in  a  short  discussion  of  the  subject  gives  his  reasons  for 
such  preference.  He  has  also  included  Mr.  H.  B.  Dwight's  chart  for  the  solution 
of  transmission  line  problems,  as  it  constitutes,  it  is  said,  an  admirable  method  of 
quick  computation  and  saves  both  time  and  labor.  The  Contents  are :  Volume  I, 
Hydraulic  Development  and  Equipment  :  General  Conditions  ;  Flow  in  Streams  ; 
Weirs  and  Orifices;  Power  Variation  and  Storage;  Artificial  Waterways;  Pipe  Lines 
and  Penstocks ;  Dams ;  Movable  Crests  for  Dams ;  Headworks  ;  Water  Wheels ; 
Speed  Regulation  of  Water  Wheels  and  Abnormal  Penstock  Problems  ;   Mathematical 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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Tables  :  Index.  Volume  II,  Electrical  Equipment  and  Transmission  :  Alternating  Cur- 
rent Generators  ;  Transformers  ;  Switchboards  ;  Cranes  ;  Design  and  Testing  of  Power 
Stations:  Wires  and  Cables;  Insulators;  Pole  and  Tower  Lines;  Electric  Circuits; 
Calculation  of  Transmission  Lines  ;  Deflection  and  Mechanical  Stresses  in  Transmis- 
sion Lines  ;  Line  Protection  and  Accessories  ;  Substations  ;  Index. 

THE  PORTLAND  CEMENT  INDUSTRY: 

A  Practical  Treatise  on  the  Building,  Equipping  and  Economical 
Running  of  a  Portland  Cement  Plant,  with  Notes  on  Physical  Testing. 
By  William  Alden  Brown,  Assoc.  Am.  Soc.  C.  E.  Cloth,  8|  x  SJ  in., 
illus.,  10  +  158  pp.  London,  Crosby  Lockwood  and  Son,  1916.  (Donated 
by  the  Author.) 

The  preface  states  that  neglect,  delay,  or  failure,  on  the  part  of  British  cement 
manufacturers  to  study,  adopt,  and  improve  methods  of  economical  production  will 
lose  for  them  the  markets  of  the  world  for  Portland  cement.  He  has,  therefore, 
it  is  stated,  spent  much  time  and  taken  great  pains  to  insure  accuracy  in  this  treatise 
on  that  subject,  to  divest  it  of  its  scientific  technicalities,  and  to  present  a  clear, 
simple,  and  realistic  description  of  the  actual  and  economical  manufacture  of  this 
important  building  material.  The  first  three  chapters  of  the  book  are  devoted  to  a 
historical  review  of  the  subject,  the  raw  materials  used  in  the  manufacture  of 
cement  are  described  and  proportions  included,  and  a  detailed  description  is  given 
of  the  design  and  construction  of  a  modern  plant  as  well  as  of  its  equipment  and 
operation.  Cost  statistics  relative  to  the  manufacture  of  Portland  cement  are  also 
given,  and  Chapters  XI  to  XVI  inclusive,  are  devoted  to  its  physical  testing.  The 
Chapter  headings  are :  Introductory  ;  Historical  ;  Development  of  the  Industry ; 
Manufacture-Raw  Materials  ;  Design  and  Construction  of  a  Modern  Portland  Cement 
Plant ;  The  Rotary  Kiln  ;  Power  Plants  ;  Miscellaneous  ;  Costs  and  Statistics  ;  Equip- 
ment ;  Physical  Testing :  Development  of  Cement  Testing  ;  Chemical  Composition  ; 
Fineness ;  Tensile  Strength  ;  Time  of  Setting ;  Soundness  or  Constancy  of  Volume ; 
Index. 


Gifts  have  also  been  received  from  the  following: 


Academie  des  Sciences.     1  pam. 

Am.  Ceramic  Soc.    1  bound  vol. 

Am.  Ry.  Assoc.     1  pam. 

Am.  Telephone  &  Telegraph  Co.     2  pam. 

Belzner,  Theodore.     1  pam. 

Bond,  Paul  S.,  and  J.  M.  McDonough.      1 

bound  vol. 
California-R.  R.  Comm.     1  bound  vol. 
California-State     Water     Problems     Con- 
ference.    2  pam. 
California,  Univ.  of.      1  pam. 
Canada-Dept.  of  Marine  and  Fisheries.     1 

vol. 
Canada-Irrig.  Branch.     2  pam. 
Cincinnati,   New   Orleans  &  Texas   Pacific 

Ry.  Co.     1  pam. 
Colombia-Ministerio     de     Relaciones     Ex- 

teriores.     1  vol. 
Eiffel,  G.     1  pam. 
Everett,   Mass. -Mayor.      1   pam. 
Geneva,  N.  Y. -Board  of  Public  Works.     1 

pam. 
Hawaii-Board  of  Health.     1  pam. 
Illinois,  Univ.  of.     1  pam. 
Indiana-State  Library.     1  pam. 
Institution  of  Civil  Engrs.      1  bound  vol., 

1   pam. 
Institution  of  Civil  Engrs.  of  Ireland.      1 

pam. 
Iowa  State  Coll.  of  Agriculture.     3  pam. 
Kansas  City,  Mo. -Board  of  Fire  and  Water 

Commrs.     1  pam. 
Leeds,  England-Sewerage  Comm.      1    pam. 
Manchester,    England-Cleansing   Dept.      1 

pam. 
Manchester   Steam   Users   Assoc.      1   pam. 
Massachusetts-Bureau     of     Statistics.        1 

bound  vol. 
Metcalf,   Leonard.      3  vol. 


Mississippi  River  Comm.      1  pam. 
Montreal,     Que. -City    Council.       1    bound 

vol. 
Municipal  Engrs.  of  the  City  of  New  York. 

1  pam. 

National  Fire  Protection  Assoc.     2  pam. 
National    Paving    Brick    Mfrs.    Assoc.      1 

bound  vol. 
New  South  Wales-Sydney  Harbour  Trust 

Commrs.     1   pam. 
New     York     City-Dept.     of     Docks     and 

Ferries.     1  bound  vol. 
New  York  State-Museum.     1  vol. 
New  York  Public  Library.     61  bound  vol., 

104  pam. 
Newark,  N.  J. -Board  of  Street  and  Water 

Commrs.      2   pam. 
Nova  Scotian  Inst,  of  Science.      1  pam. 
Ohio-Geol.  Survey.       1  bound  vol. 
Ohio  State  Univ.     1  vol. 
Oregon-State  Engr.     1  pam. 
Ottawa,  Ont. -Mines  Branch.     1  pam. 
Pennsylvania-Public    Service    Comm.       3 

pam. 
Perry,   Francis  W.      1  pam. 
Philadelphia,    Pa. -Bureau   of   Surveys.      1 

bound   vol. 
Philadelphia,  Pa. -Mayor.     3  bound  vol. 
Portland  Cement  Assoc.     1  pam. 
Porto    Rico-Governor.      1    vol. 
Presidents'      Conference      Committee.       6 

pam. 
Princeton  Eng.   Assoc.     1  pam. 
St.  Louis,  Mo. -City  Plan  Comm.      1   pam. 
Seattle,  Wash. -Lighting  Dept.       1  pam. 
Smithsonian    Institution.      4   pam. 
South  Australia-Rys.  Commr.     1  pam. 
Texas,    Agricultural    and    Mech.    Coll.    of. 

2  pam. 
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Toledo,  Peoria  &  Western  Ry.  Co.    1  pam.  U.  S 
Union    of   South    Africa-Geol.    Survey.      1 

pam.  U.  S 
Union  Univ.     1  vol. 

U.  S. -Bureau  of  Insular  Affairs.       1    pam.  U.  S 
U.  S. -Bureau  of  Medicine  and  Surgery.     1 

pam.  U.  S 

U.  S. -Bureau  of  Mines.     2  pam.  U.  S 

U.  S. -Bureau  of  Plant  Industry.     2   pam.  U.  S 
U.  S. -Bureau  of  the  Census.      2  pam. 

U.  S. -Bureau  of  Yards  and  Docks.      1    pam.  U.  S 

U.  S.-Commr.  of  Lighthouses.      1    pam.  U.  S 

U.  S.-Commr.  of  Navigation.     1  pam.  U.S. 

U.  S.-Dept.  of  Agriculture.      2   pam.  U.  S 

U.  S.-Engr.  Office,  Pittsburgh,  Pa.    1  pam.  U.  S 


.-Engr.   Office,   San   Francisco,  Cal.    1 

pam.,  1  specif. 
.-Engr.   Office,   Washington,   D.    C.      1 

pam. 
.-Engr.    Office,    Wheeling,    W.    Va.      3 

specif. 

.-Geological  Survey.       2  vol. 
.-Lake  Survey  Office.     7  charts. 
.-Library  of  Congress.      1  bound  vol., 

1  pam. 

.-Naval  Observatory.      1  pam. 
.-Navy  Dept.     2  pam. 
-Panama  Canal-Governor.  1  vol.,  maps. 
.-Philippine  Comm.     1  bound  vol. 
.-Signal  Office.     1  pam. 


SUMMARY  OF  ACCESSIONS 

(From  December  3d  to  December  30th,  1916) 
Donations  (including  4  duplicates) 287 


January,  1917.]  MEMBERSHIP — ADDITIONS  27 

MEMBERSHIP 

(From  December  8tli,  I'JIO,  to  January  4th,  1917) 

ADDITIONS 

MEMBERS  Date  of 

Membership. 

Bassett,  Herbert  Howard.     Contr.  Engr.,  Berlin  Constr. 

Co.;  Res.,  5  Iowa  St.,  Worcester,  Mass Nov.     28,  1916 

Caxady,   Curtis   Marion.     Engr.,    Bridge   Drawing   Room, 

Ambridge    Plant,    Am.    Bridge    Co.,    618    Park    Rd., 

Ambridge,  Pa Oct.      10,   1916 

Case,   Montgomery   Babcock.     220   South  Michigan  Ave., 

Chicago,  111 Nov.    28,   1916 

^  .  Tx  .,-.     T.  ..,      ,        )    Jun.  April  30,  1895 

Dingle,  James  Hervey.     Citv  Engr.,  Charles-  /     .  ,^      ^  ,         ^     ,„^- 

'  .         &    '  (    j^ssoc.  M.     Oct.        4,   1899 


ton,    S.    C I   -,,                   -_  „„    i^T/» 

'                                                                       )  M.                  Nov.  28,   1916 

FoviLHOux,     Jacques     Andre.     Cons.     Engr.    ,    ,  ,,      ^^  ^  r-    .rv^v^ 

"      '    Assoc.  M.     Oct.  5,   1909 


(Whitehouse    &     Fouilhoux),    619     Ry.   V  tvt  r,  ^  i,v    mi^ 

1,     ,             ^,  ,        T^     .,      ,     ^                  •'CM.  Oct.  10,   1916 

Exchange   BIdg.,   Portland,   Ore 

■Gram,    Lewis    Merritt.     Prof,    of    Structural   )     .           n,  t  -,     ir>«r> 

-r.          TT   .         ;.,..,.           ^,^    ^  ,,      ,    r    Assoc.  M.  June  1,  1909 

Eng.,   Univ.   of   Michigan,    912    Oakland   V  ^^  ^^  _„    ,_,_ 

.           .          .   ,         ,,.  ,                                    CM.  Nov.  28,   1916 

Ave.,  Ann  Arbor,  Mich ) 

Hilt,  Fred  Keating.     Works  Mgr.  and  Div.  Engr.,  Hudson 

&  Manhattan  R.  R.,  Ridgewood,  N.  J Nov.  28,  1916 

JIowE,     Herbert     Frank.     100     Payson     Rd..  )    Assoc.  M.  Oct.  2,  1907 

Belmont,   Mass [  M.  Nov.  28,   1916 

Howe,  Walter  Clark.     Div.  Engr.,  California  \     .           ^,  ,,  „iir.in 

J^    .       ,   -r,     ,    I    Assoc.  M.  May  31,  1910 

Highway  Comm.,  Union  National   Bank  v  ,^  ^^  _„    im/j 

'                                              I   M.  Nov.  28,  1916 

Bldg.,  San  Luis  Obispo,  Cal ) 

Neeld,  Almos  Davidson.     237  Fourth  Ave.,  Pittsburgh,  Pa.  Nov.  28,1916 

Pease,  Harold  Tapley.     Chf.   Engr.,   Arcadia  )    Assoc.  M.  Jan.  2,  1912 

Orchards  Co.,  Deer   Park,  Wash [  M.  Oct.  10,   1916 

Thebo,     Fenwick     Milford.     Supt.     of     Constr.,     Phoenix 

Constr.  Co.,  Grace,  Idaho Nov.  28,   1916" 

Weldin,     William     Archie.     Engr.     and     Surv.      (Blum, 

Weldin  &  Co.),  St.  Nicholas  Bldg.,  Pittsburgh,  Pa.  .  .  Nov.  28,  1916 

West,   Judson   Ray.     Prof,   of   Ry.    Eng.,   Pei   |    Assoc.  M.  April  30,  1912 

Yang  Univ.,   Tientsin,   China [  M.  Oct.  10,  1916 

associate  members 

Alexander,    Raymond    Glime.     Structural    Engr.,    W.    B. 

Ittner,  5828  Westminster  PI.,  St.  Louis,  Mo Nov.  28,   1916 

Backus,  Murray  James.     Asst.  Engr.,  Punta  ^    ^  ^  , 

'           _           n      n         13    15    A  \^             r   J'^n.  Oct.  4,  1910 

Alegre  Sugar  Co.,  Care,  P.  B.  Anderson,   v    .  ,,  „         ^„    ^ 

^   .f     .      ^^  ,                                                    r  Assoc.  M.  Nov.  28,   1916 

Caibarien,   Cuba ) 

Bartholomew,  Bradley  White.     Engr.  of  Constr.,   Flynt 

Bldg.  &  Constr.  Co.,  Palmer,  Mass Nov.  28,   1916 
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Jun. 

Assoc.  M. 

Jim. 
Assoc.  M. 


Assoc.  M. 

Jun. 
Assoc.  M. 


ASSOCIATE  MEMBERS   ( Continued ) 

Black,     Walter     Glex.     (Black     &     Griffin),     Mandan, 
N.    Dak 

BowERSMiTH,  John  Everett.  Engr.,  Bates,  Borland  & 
Ayer,  4008  Randolph  Ave.,  Oakland,  Cal 

Bronson,  Howard  Franklin.  Asst.  Engr., 
Water  Supply  Comm.  of  Pennsylvania, 
1855  Zarker  St.,  Harrisburg,  Pa 

Buck,  Ross  Judson.  Supt.  of  Constr.,  Marion 
County  Tuberculosis  Sanatorium,  2204 
North  Alabama  St.,  Indianapolis,  Ind.  . 

Buck,    Walter    Van.     Supt.    of    Constr.,    A.  |    Jun. 

Jaicks  Co.,  Newton,  Kans [  Assoc.  M 

Burton,  William  Arthur.     Chf.  Engr.,  Paris  )    Jun. 
&  Mt.  Pleasant  R.R.,  Mt.  Pleasant,  Tex. . 

Castillo  y  Grau,  Antonio.  Engr.,  Board  of 
Health,  P.  0.  Box  1669,  Cienfuegos, 
Cuba    

Chappel,  Milford  Edward.     New  Holland,  N.  C 

Cock,   Calvin  Earnest.     Honey  Grove,  Tex 

^^  ,,.    )    Jun. 
Crandall,  Carl.     316  Hector  St.,  Ithaca,  N.  Y.   I  ^^^^    ^^ 

Currey,    John    Waggoner.     Civ.    Engr.    and  )    Jun. 

Surv.,  Cleveland,  Miss \  Assoc.  M. 

Davison,  Allen  Stewart.  Engr.,  Allen  S. 
Davison  Co.,  Inc.,  The  Basic  Products 
Co.,  The  Sharpsville  Furnace  Co.,  and 
The  Bessie  Furnace  Co.,  2514  Oliver 
Bldg.,  Pittsburgh,  Pa 

Densler,  Frank  Haskell.  Eng.  Examiner, 
New  York  State  Civ.  Service  Comm., 
825  Myrtle  Ave.,  Albany,  N.  Y 

Edwards,  Raymond  Arden.  Engr.,  Bates, 
Borland  &  Ayer,  185  Dolores  St.,  San 
Francisco,   Cal 

Embury,  Aymar,  2d.  Archt.,  132  Madison  Ave.,  New  York 
City 

Frame,  Stanley  Howard.  Dist.  Hydrometric  Engr.,  Dept. 
of  the  Interior,  Irrig.  Branch,  P.  0.  Box  2318, 
Calgary,  Alberta,  Canada 

Gamble,  Neil  McAdory.  Chf.  Engr.  and  R.  R.  Supt., 
Cuyamel  Fruit  Co.,  1425  Whitney  Central  Bldg.,  New 
Orleans,   La 

George,  Sidney  Howard.  Asst.  Engr.,  C,  M.  &  St.  P.  Ry., 
Harbona.    Idaho 


Date  of 
Membership. 


Nov.  28,   1916 

Nov.  28,   1916 

Nov.  1,  1910 

June  23,  1916 

June  30,  1911 

Nov.  28,  1916 

.July  9,  1912 

Nov.  28,  1916 

June  6,  1911 

Oct.  10,  1916 

June  6,  1911 

Sept.  12,  1916 


Nov. 
Nov. 
Oct. 
Nov. 
Sept. 


28,  1916 

28,  1916 

1,  1912 

28,  1916 

6,  1910 


Jun. 
Assoc.  M. 


Jun. 
Assoc.  M. 

Jun. 
Assoc.  M. 


Nov.  28,  1916 

Mar.   1,  1910 
Nov.  28,  1916 


July  1,  1909 

Nov.  28,  1916 

June  24,  1914 

Nov.  28,  1916 


Nov.  28,  1916 

June  23,  1916 

Nov.  28,  1916 

Nov.  28,  1916. 
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Membership. 

GoTWALS,  John  Carl.     Lieut.,  U.  S.  Corps  of  )    .,  ,^  ^    , 

jiiiiffrs.,  Washington  Barracks,  Washing-   y    .  ,.      ^^  „„,„,„ 

,     *  ^'                ^                         '                *     (   Assoc.  M.     Nov.     28,   1916 
ton,  D.  C ) 

Hare,  Harlan  Tylee.     Clif.  Engr.,  Duluth  &  North.  Minn. 

Ry.,  Duluth,  Minn Sept.    12,  1916 

Haydock,    Charles.     Prin.    Asst.    Engr..    The  \  j 

Mountain  Water  Supply  Co.,  922   Com-   y    .  ,r      t>.t  nr.'  -ir.,^ 

^  ,      %;,..,,,.      .  I   Assoc.  M.     Nov,    28,  1916 

mercial  Trust  Bldg..  Philadelphia,  Pa..  .    j 

Jamison,  Richard  Harvey.  City  Engr.,  City  Hall,  Ala- 
meda,  Cal Nov.    28,  1916 

Johnson,  Nathan   Clarke.     Cons.   Engr.,    149    Broadviray, 

New  York  City Sept.    12,  1916 

Kelley,    George    Norbert.     Care,     Interstate  "v  ,  ^  „  ,,^,^ 

J          '.    .        ^.,        I  Jun.  June  3,  1915 

Commerce      Lomm.,      Interstate      Bldg.,   v  .             ,,  -^  r,r,  -.^t^ 

^.             ^.        ,,                                          *     r  Assoc.  M.  Nov.  28,  1916 

Kansas  City,  Mo J 

Lambert,  Henri  Louis.     Asst.  Engr.,  Constr.  Dept.,  United 

Fruit  Co.,  Bratsey,  via  Bocas  del  Toro,  Panama Nov.     28,  1916 

Lee,  Arthur  Carl.     Asst.  Chf.  Engr.,  Southern  Power  Co., 

Charlotte,  N.  C Nov.    28,   1916 

Leffert,  David  Lessing.     County  Highway  Engr.,  Kossuth 

County,  Algona,  Iowa Nov.     28,   1916 

Legg,  Frank  Gardner,  Jr.     Asst.  to  State  San.  Engr.,  621 

Oakland  Bldg.,  Lansing,  Mich Nov.     28,  1916 

Le    Grand,    Joseph    Mastella.     Eng.    Dept.,  ^    ^  ,,  ^    

Canadian  Copper  Co.,  Copper  Clm,  Ont.,   y    ,  ,,      ^  .        .„    ,    ,„ 

^,        ^             ^*             '11               '  '   r  Assoc.  M.     Oct.      10,   1916 

Canada : ) 

Mackenzie,  Leon  Roderick.     Box  625,  Hartington,  Nebr..     Sept.    12,  1916 

McCandliss,  Lester  Chipman.     Asst.  Prof,  of  Civ.  Eng., 

Univ.  of  Pittsburgh,  3732  Dawson  St.,  Pittsburgh,  Pa.     Nov.     28,   1916 

McCollocgh,  Charles  Andrew.  Structural  Engr.,  Bethle- 
hem Steel  Co.,  218  North  Linden  St.,  Bethlehem,  Pa.  .      Nov.     28,   1916 

Miller,  Lora  Walter.     Asst.  Engr.,  Chi.  &  W.  Ind.  R.  R., 

520   W.   72d   St.,   Chicago,   111 Nov.     28,  1916 

Mitchell,  Arthur  Knox.     Cons.   Engr.,  Box  3,  Victoria, 

B.   C,   Canada Nov.    28,   1916 

Murray,  James  Powell.  Civ.  Engr.,  Texas  State  Reclama- 
tion Dept.,  405  East  22d  St.,  Austin,  Tex Nov.     28,  1916 

Myers,  Ernest  Lindley.     (Myers  &  Noyes),  405  Juanita 

Bldg.,  Dallas,  Tex Nov.     28,  1916 

Nolan,  Quinces  Robertus.     Res.  Engr.,  Hill-  1    Jun.  May       6,  1914 

side  Cotton  Mills,  La  Grange,  Ga ("  Assoc.  M.     Nov.     28,   1916 

Rightmire,  Claude  Henry.  Asst.  and  Res.  Engr.,  Palm 
Beach  County,  on  Constr.  of  Roads  and  Bridges, 
Stuart,    Fla Nov.    28,   1916 

Ruff,  Edward  John.     832  Centennial  Ave..  Sewickley,  Pa.  .      Oct.      10,  1916 
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Membership. 

Sandelands,  Edward  BuRCHARD.     3106  Ave.  R.,  |    Jun.  May       7,  1913 

Galveston,   Tex \  Assoc.  M.     Nov.     28,  1916 

Sewell,    Harold    Arthur.     County    Engr.,    Pend    Oreille 

County,  Newport,   Wash Nov.     28,  1916 

Shafer,   Ernest  Alton.     Asst.   Engr.,   Eng.    Corps,   Dept. 

of    Public    Lands,    State    of    Washington,    Box    703, 

Olympia,    Wash Nov.     28,  1916 

Soo-Hoo,    Peter.     Engr.,    Section    16,    Kwong  ^    ^  ,  „,,„,, 

„'        -,     ,   ^    ^    '       _„  ^       ,   '         T.     .    /    Jun.  Jan.  31,   1911 

Tung  Yueh-Han  Ry.,  52  Great  lan  Tsai    y    .  ,.  „     ,  ,^,«,^ 

„^    ^     ^        ^,  .      -^  r   Assoc.  M.  Sept.  12,   1916 

St.,  Canton,  China J 

Sourwine,  James  Arthur.  County  Engr.,  San  Bernardino 
County ;  Cons.  Hydr.  Engr.  ( Sourwine  &  Mahoney ) , 
San   Bernardino,    Cal June    23,   1916 

Thackwell,    Henry    Lawrence.     Chf.    Engr.  ^    ^  ^  „    ,„,„ 

A     T^T  rru        TT-      +         .-  +         T        '  T  f      J"""  ^^^C.  3,     1912 

and  Mgr.,  The  Uinta  County  Irrig.  Co..   y    ,  at      ^t  r.^    ,«,/. 

,,     ,,°    '     „,                          •           "^  r  Assoc.  M.     Nov.     28,   1916 

Marbleton,    Wyo j 

ToYNE,  John  Wilson.  Chf.  Engr.  and  Supt.,  South  Bend 
City  Water-Works,  815  Ashland  Ave.,  South  Bend, 
Ind Nov.     28,1916 

Washburn,  Charles  Emmett.     Office  Engr.,  The  Benham 

Engr.  Co.,  13th  Floor,  Colcord  Bldg.,  Oklahoma,  Okla.     Nov.     28.   1916 

Wrighton,  William  Daugherty.  San.  Engr.  U.  S.  Public 
Health  Service,  The  Highlands  Apartments,  Wash- 
ington,   D.    C Nov.     28,   1916 

associates 

Church,    Howard    Emerson.     Purchasing    Agt.,    Fred    T. 

Ley  &  Co.,  Inc.,  Box  255,  Springfield,  Mass Sept.     12,  1916 

JUNIORS 

Braly,  Raymond  Fielding.  Eng.  Draftsman,  Harbor 
Dept.,  Bureau  of  Constr.  and  Maintenance,  City  of 
Los  Angeles,  Room  17,  City  Hall,  San  Pedro,  Cal Nov.    28,  1916 

Chin,  Kee  Ham.     508  Seventh  Ave.,  South,  Seattle,  Wash. .     Nov.     28,  1916 

Conway,  Clarence  Dexter.     Supt.  and  Engr.,  Los  Molinos 

Land  Co.,  Los  Molinos,  Cal Nov.    28,   1916 

Cotter,  Carl  Henry.     Structural  Draftsman,  Mt.  Vernon 

•    Bridge  Co.,  104  East  Vine  St.,  Mt.  Vernon,  Ohio Nov.     28,   1916 

Dedicke,  Ernest  Charles.  Troop  G,  1st  New  York  Cav- 
alry, McAUen,  Tex Nov.     28,  1916 

De  Moss,  Samuel.     Tapeman,  N.  P.  Ry.,  1750  West  59th 

St.,  Seattle,  Wash Nov.     28,  1916 

Everett,    Ralph    Burrows.     Care,    Knoxville    Power    Co., 

Alcoa,   Tenn Nov.     28,  1916 

GuNTHEti,  Herman  Dietrich.     P.  O.  Box  423,  Dover,  N.  J. .     Oct.      10,  1916 
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JUNIORS    {Continued)  Date  of 

Membership. 

Havens,  William  Louis.     12319   Osceola  Ave.,  Cleveland, 

Ohio Oct.      10,  1916 

Kohl,  Frank  Edward,  Jr.     350  East  200th  St.,  New  York 

City Nov.     28,  1916 

MiLKOwsKi,   Victor  John.     Engr.  of  Constr.  and  Asst.  to 

Dredging   Engr.,   Morris   Machine    Works,   Baldwins- 

ville,  N.  Y Nov.     28,  1916 

Prack,  Arthur  Edward.     Gen.  Supt.  of  Constr.,  Prack  & 

Perrine,  809  Crucible  St.,  Pittsburgh,  Pa Nov.     28,  1916 

Rogers,    Lester    Cushixg.     Asst.    Engr.,    Bates    &    Rogers 

Constr.  Co.,  148  Engrs.  Bldg.,  Cleveland,  Ohio Nov.    28,   1916 

Steinberg,    Maximilian.     Asst.    Engr.,    U.    S.    Coast    and 

Geodetic  Survey,  Washington,  D.  C Sept     12,   1916 


RESIGNATIONS 

MEMBERS 


Date  of 
Rpsignatioti. 


Baldwin,  George  Porter Dec.  31 

Boyd,   William   Charles Dec.  31 

Carter,  Richard  W^illiam Dec.  31 

Dabney,  Thomas  Gregory Dec.  31 

Fitch,  Charles  Hall Dec.  31 

Hoffman,  Nathaniel  Baker  Klink Dec.  31 

Lyon,   Hexry   Lloyd   Dec.  3 1 

Neher,    Frank Dec.  31 

Phillips,    Frederick Dec.  31 

Potter,   Herbert   Leroy •. Dec.  31 

Righter,  Addison  Alexander Dec.  31 

Rogge,  John  Charles  Lewis Dec.  31 

Sills,   John   Muir Dec.  31 

Toll,  Roger  Wolcott Dec.  31 

associate  members 

Belcher,   Donald   Minor Dec.  31 

Brown,  George  Rowell Dec.  31 

Carlisle,  Orville  Berton Dec.  31 

CoE,  Robert Dec.  31 

Craven,  Jay  Allen Dec.  31 

Ellis,  Lawrence  Rees Dec.  31 

Giles,    Arthur    Leonard Dec.  31 

Hardin,  Abraham  Tracy Dec.  31 

Helvern,  Dan  Edwin Dec.  31 

Hendrick,  Edward  Pierson Dec.  31 

HiGHLEY,    Lee Dec.  3 1 

Jackman,    Andrew    William Dec.  31 


1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1016 
1916 
1916 
1916 


1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
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ASSOCIATE  MEMBERS    ( Coniinued )  Date  of 

Resignation. 

KiRKPATRiCK,  Ralph  Zenas Dec.  31,  1916 

LiNARD,  Drew  Jones Dec.  31,  1916 

Logan,  Hal  Helm Dec.  31,  1916 

Nelson,  Oscar  Benjamin Dec.  31,  1916 

Newbegin,  Parker  Cleaveland Dec.  31,  1916 

O'Hara,    Joseph    Matthew Dec.  31,  1916 

Pierce,  Thomas  Day Dec.  31,  1916 

Reel,  Charles  Gordon Dec.  31,  1916 

Renshaw,  Robert  Henry,  Jr Dec.  31,  1916 

Saunders,  Frank  William Dec.  31,  1916 

Thornton,  John  Edward Dec.  31,  1916 

Treadwell,  William  Adams : Dec.  31,  1916 

TxJNSTALL,  Whitmell  Pugh Dec.  31,   1916 

Vanneman,   Charles   Reeve Dec.  31,  1916 

Woodson,   LeRoy Dec.  31,  1916 

associates 

DouTY,  Daniel  Ellis Dee.  31,   1916 

juniors 

Bendel,    Jacob Dec.  31,  1916 

Bradstreet,    Herbert    Neal Dec.  31,  1916 

Brush,  Charles  Benjamin Dec.  31,  1916 

Crewe,    Rexford Dec.  31,  1916 

Cutler,  Stanley  Gardner Dec.  31,  1916 

Dennie,  Frank  Edward Dec.  31,  1916 

Lehman,  Henry  Maron. Dec.  31,  1916 

Morrison,  William  Harrison,  Jr Dec.  31,  1916 

Wilson,  Calvin  Loughridge Dec.  31,  1916 


DEATHS 

Anson,   William    Frederick  Alfred.     Elected  Associate   Member,   October 

1st,   1912;    died  July   17th,    1916. 
BiGELOW,   Edward   Manning.     Elected   Member,   December   4th,    1889;    died 

December  6th,    1916. 
McCool,    Daniel.     Elected   Member,    September    5th,    1883;    died   December 

1st,  1916. 
Parker,   Harold.     Elected  Member,   June   7th,   1899;    died   November   29th, 

1916. 
Ramsey,  Joseph.     Elected  Member,  May   1st,   1889;   died  July  7th,   1916. 
RoHRER,  Grant.     Elected  Member,  July  Ist,  1909;  died  December  12th,  1916. 
Tappan,   Roger.     Elected   Junior,   December   3d,    1884;    died   December   6th,^ 

1916. 
Vansittart,  George  Edward.     Elected  Associate  Member,  March  5th,  1912; 

died  May  14th,  1916. 
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vox  Leer,  Isaac  Wayne.     Elected  Member,  May  3d,   1809;   died  November 

23d,  1916. 
Weston,   Edmund   Brownell.     Elected  Member,   December  6th,    1882;    died 

December  9th,  1916. 
White,    David   Miller.     Elected   Associate   Member,   November   8tb,    1909; 

died  October  29th,  1916. 


Total  Membership  of  the  Society,  January  4th,  1917, 
8  194- 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(December  4th,  1910,  to  January  1st,  1917) 
Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  Litis  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(2 
(3 
(4 

(5 
(6 

(7 

(8 

(9 

(11 

(12 

(13 

(14 

(15 

(16 

(17 

(18 
(19 

(20 
(21 

(22 

(23 

(24 

(25 
(26 
(27 
(28 
<29 


Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,  111.,  50c. 

Transactions,  ,  Can.  Soc.  C.  E., 
Montreal,  Que.,  Canada. 

School  of  Mines  Quarterly ,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheits  Ingenieur.  Miinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,  N.  J.,  50c. 

Engineering  Magazine,  New  York 
City,  25c. 

Engineering  (London ),W.  H.  Wiley. 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Ennineerinq  Neios,  New  York  City, 
i5e. 

Enqineering  Record,  New  York 
City,  15c. 

Railway  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City,  10c. 

Railway  Review,   Chicago,   111.,   15c. 

Scientific  American  Supplement,  New 
York  City.  10c. 

Iron  Age,  New  York  City,  20c. 

Raihcay  Enqineer,  London,  Eng- 
land, Is.  2d. 

Iron  and  Coal  Trades  Revietv,  Lon- 
don, England,   6d. 

Railway  Gazette,  London,  England, 
6d. 

A7)ierican  Gas  Light  Journal,  New 
York  City,  10c.' 

Railway  Mechanical  Engineer,  New 
York  City,   20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water- Works 
Assoc,   Boston.   Mass.,   $1. 

Journal,  Royal  Society  of  Arts. 
London,   England,    6d. 


(30 
(31 

(32 


(33 
(34 

(35 

(36 

(37 
(38 


(39 
(40 
(41 

(42 
(43 
(44 

(45 
(46 

(47 

(48 

(49 
(50 

(51 
(52 
(53 

(54 
(55 
(56 


A7i7iales  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annales  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,   4   fr. 

Mem,oires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de  France. 
Paris,  France. 

Le  Genie  Civil,  Paris,  France,   1  fr. 

Portefeuille  Economiques  des  Ma- 
chines, Paris,   France. 

Nouvelles  Annales  de  la  Construc- 
tion, Paris.   France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mccanique,  Paris,  France. 

Revtie  Generate  des  Cheinins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Technisches  Oemeindeblatt,  Berlih, 
Germany,  0,  70m. 

Zentraniatt  der  Bauverwaltung , 
Berlin,   Germany,   60   pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Pouts  et  Chaussees, 
Paris,   France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,   50c. 

Coal  A.ge,  New  York  City,  10c. 

Scientific  American,  New  York  City, 
15c. 

Engineer,     Manchester, 
?d.  " 

Verein     Deutscher     In- 
Berlin,      Germany,      1, 


ficr    Bauioesen,     Berlin, 


Mechanical 
England, 

Zeitsclmft, 
genieure, 
60m. 

Zeitschrift 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung ,  Riga, 
Russia.  25  kop. 

Zeitschrift,  Oesterreichischer  In- 
genieur und  Architekten  Verein, 
Vienna,  Austria,  70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,  |12. 

Transactions,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 

Transactions,  Am.  Inst.  Min.  Engrs., 
New  York  City,  $6. 
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(57)  Collier}/     Guardian,      London,     Eng- 

land, 5d. 

(58)  Proceedinos,    Engrs.'    Soc.    W.    Pa., 

2511     Oliver     Bldg.,     Pittsburgh, 
Pa.,  50c. 

(59)  Proceedings,  American  Water-Works 

Assoc,   Troy,   N.  Y. 

(60)  Municipal  Engineering,  Indianapolis, 

Ind.,   25c. 

(61)  Proceedinas,  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c. 

(62)  ateel   and   Iron,   Thaw   Bldg.,    Pitts- 

burgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,  New  York  City,  5c. 

(65)  Official  Proceedings,  New  York  Rail- 

road  Club,    Brooklyn,   N.  Y.,    15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   6d. 

(67)  Cement      and      Engineering      News, 

Chicago,  111.,  25c. 

(68)  Mining    Journal,    London,    England, 

6d. 

(69)  Der  Eisenbau,  Leipzig,  Germany. 

(71)  Journal,   Iron   and   Steel   Inst.,   Lon- 

don,  England. 
(71a)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist,      New      York 

City,   15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,      Inst,     of     Min.     aad 

Metal.,  London,  England. 

(75)  Proceedings,   Inst,   of   Mech.   Engrs., 

London,  England. 

(76)  Brick,   Chicago,    111.,    20c. 

(77)  Journal,    Inst.    Elec.    Engrs.,    Lon- 

don, England,  5s. 

(78)  Beton   und   Eisen,   Vienna,    Austria, 

1,   50m. 

(79)  Forscherarbeiten,    Vienna,     Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zcitschrift   fiir  Architektur  mid  In- 

genieurwesen,      Wiesbaden,      Ger- 
many. 

(82)  Mining      and      Engineering      World, 

Chicago,  111.,  idc. 
(S3)    Gas  Age,  New  York  City,  15c. 

(84)  Le  Ciment,  Paris,  France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

(86)  Enaineering-Contracting,       Chicago, 

ill.,  10c.' 

(87)  Railxvay    Engineering    and    Mainte- 

nance of  Way,  Chicago,   111.,   10c. 


(88 

(89 
(90 
(91 

(92 

(93 
(95 
(96 
(98 
(99 
(100 


103 
104 

105 

106 

107 

108 
109 

110 

111 

112 

113 
114 

115 
116 


Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
gium. 

Proceedinos,  Am.  Soc.  for  Testing 
Materials,  Philadelphia,  Pa.,  $5. 

Transactions,  Inst.  of  Naval 
Archts.,   London,    England. 

Transactions,  Soc.  Naval  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bidletin,  Soc.  d'Bncouragement 
pour  rindustrie  Nationale,  Paris, 
France. 

Revue  de  Metallurgie,  Paris, 
France,  4  fr.  50. 

International  Marine  Erigineering, 
New  York  City,   20c. 

Canadian  Engineer,  Toronto,  Ont., 
Canada,  10c. 

Journal,  Engrs.  Soc.  Pa.,  Harris- 
burg,   Pa.,   30c. 

Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.  C,  50c. 

Metal  Worker,  New  York  City,  10c. 

Organ  fiir  die  Fortschritte  des 
Eisenbahnwesens,  Wiesbaden,  Ger- 
many. 

Mining  and  Scientific  Press,  San 
Francisco,   Cal.,   10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land,  6d. 

Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,  6s. 

Schweizerische  Bauzeitung,  Zurich, 
Switzerland. 

Iron  Tradesman,  Atlanta,  Ga.,  10c. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal,  Am.  Concrete  Inst.,  Phil- 
adelphia,  Pa.,  50c. 

Journal  of  Electricity,  Power  and 
Gas,  San  Francisco,  Cal.,  25c. 

Internationale  Zcitschrift  fiir 
Wasser-Versorgung,  Leipzig,  Ger- 
many. 

Proceedings,  Am.  Wood  Preservers' 
Assoc,    Baltimore,    Md. 

Journal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England.  Is.  6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.  Louis,  Mo.,.  35c. 

Blast  Furnace  and  Steel  Plant, 
Pittsburgh,   Pa.,   15c. 


LIST  OF  ARTICLES 
Bridges. 

The  Cherry  Street  Bridge,   Toledo,   Ohio.*      Clement   E.   Chase,   Jun.   Am.    Soc.   C.   E. 

(54)      Vol.  80,  1916. 
The  Picaza  Bridge.*      A.   A.  Agramonte,  Assoc.   M.   Am.   Soc.   C.   B.      (54)      Vol.   80, 

1916. 
Temperature  Stresses  in  a  Series  of  Spans.*      Tresham  D.  Gregg,  Assoc.  M.  Am.  Soc. 

C.   E.      (54)      Vol.  80,   1916. 
Twelfth  Street  Trafficway  Viaduct,  Kansas  City,   Missouri.*      E.   E.   Howard,  M.  Am. 

Soc   C.   E.       (54)      Vol.   80,   1916. 


*  Illustrated. 
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Bridges- (Continued  ). 

Ferro-Concrete  Bridges  on  the  Meuse.*      (104)      Nov.  24. 

Conferences  and  Commission  Rulings  Following  Boston  Drawbridge  Accident.*      (17) 

Nov.   25. 
Complex  Grade  Changes  in  a  Highway  Bridge.*      (13)      Nov.  30. 
The  Portland  Bridge.*      Eugene  E.  Pettee.      (109)      Dec. 
Extensograph  Shows  That  Bridge  Leans  to  Side.*      (13)      Dec.  7. 

Charts  for  Eccentric  Lroading  on  Rectangular  Areas.*      S.  M.  Gotten.      (13)      Dec.  7. 
Raising  a  Bridge  by  Levers  When  Jacks  Failed.*      W.  T.  Penney.      (13)      Dec.  7. 
Approaches  of  Bloor  Street  "Viaduct,  Toronto,  Have  Concrete-Covered  Steel  Frames.* 

W.  P.  B.  Rubidge.      (14)      Dec.  9. 
Girders  Act  as  Railing  in  Overhead  Crossing.      (14)      Dec.  9. 
Light  Timber  Mast  Used  in  Repairing  Bascule  Bridge.*      (14)      Dec.  9. 
Susquehanna  River  Bridge  of  the  Cumberland  Valley  R.  R.  at  Harrisburg,  Pa.*      (  18) 

Dec.   9. 
Completing  the  Municipal  Bridge  at  St.  Louis,  Mo.*      (13)      Dec.  14. 
Ten-Span    Concrete-Arch    Bridge    Near    Columbus,    Ohio.*      B.    P.    Knollman.      (13) 

Dec.   14. 
Barrel  Pontoon  Footbridge  Built  at  Cost  of  $75.*      (14)      Dec.  16. 
Timber-Incased  Concrete  Caisson  to  be  Sunk  142  Ft.  for  New  London  Bridge.*      (14) 

Dec.  16. 
Erecting  and  Swinging  720-Ft.  Span  of  Metropolis  Bridge.*      (13)      Dec.  21. 
Special   Details   in   Erection   Reduce   Secondary   Stresses   in    Longest   Simple  Trusses. 

(14)      Dec.  23. 
Changes  in  General  Specifications  for  Bridge  Work  of  Illinois  State  Highway  Depart- 
ment.     (86)      Dec.   27. 
Detailed    Cost    of    113-Ft.    Reinforced    Concrete    Through    Girder    Bridge    Built    Near 
-  Douglas,    Ariz.      Lamar    Cobb.      (From    Annual    Report    of    State    Engr.)       (86) 

Dec.   27. 
Some  Interesting  Examples  of  European  Concrete  Bridge  Designs.*      Albert  M.  Wolf. 

(86)      Dec.  27. 
Comparative  Costs  of  Steel   and  Concrete   Bridges.     A.   W.   Conover.      (From  Illinois 

Highivays.)       (86)      Dec.  27. 
Contractor  Discusses  Bridges  Damaged  by  Flood.      (13)      Dec.   28. 
New  Type  of  Concrete  Floor  on  St.  Louis  Bridge.*      (13)      Dee.  28. 
Inlaid  Tile  Used   in  Arch  Span  of  Park  Bridge.*      (14)      Dec.  30. 
Fonts  Basculants  Systeme  Scherzer  et  Systeme  Cuvelier.*      {33)      Dec.  2. 

Electrical. 

Apparatus  for  the  Measurement  of  Electric  Resistance  of  Material  in  the  Solid  State 

at  High  Temperatures,  and  Its  Application  to  the  Determination  of  the  Critical 

Points  of  Iron  and  Steel.*      P.  Saldau.      (71a)      Vol.   7. 
Chemi-Hydrometry    and    Its    Application    to    the    Precise    Testing    of    Hydro-Electric 

Generators.*      Benjamin  F.  Groat,  M.  Am.  Soc.  C.  E.      (54)      Vol.   80,   1916. 
Automatic  Telephone.*      E.   L.   Grauel.      (98)      Oct. 
Linklng-Up  Electric  Power  Stations.      (26)      Nov.  17. 
New  Electricity  Works  at  Walsall.*      (73)      Nov.  24. 
Standardization    of   Switchgear   and    Instrument    Connections.*      Charles    C.    Garrard. 

(73)      Nov.  24. 
Singer   Plant   at   South    Bend.*      Thomas   Wilson.      (64)      Dec.    19. 
The  Theory  of  Armature  Windings.*      S.  P.  Smith.      (77)      Dec. 
Rupturing  Capacities  of  Oil  Circuit  Breakers.      Stephen  Q.  Hayes.      (42)      Dec. 
Rating  of  Oil  Circuit  Breakers.      E.  M.  Hewlett.      (42)      Dec. 
Theoretical  Discussion  of  the  Audion.*      Marius  Latour.      (73)      Dec.  1. 
Clyde  Valley  Co.'s  New  Cambuslang  Power  Station.*      (26)      Dec.  1. 
Influence   of   the   Time   Element   on    the    Resistance   of   a   Solid    Rectifying    Contact.* 

David  Owen.      (Abstract  of  paper  read  before  Physical  Soc.  of  London.)       (73) 

Dec.   1. 
Operation  of  the  Pasadena,  California,   Municipal  Plant.*      (64)      Dec.   5. 
Safety-First   Starting  Apparatus  for   Electric  Motors.*      A.   P.   Danz.      (64)      Dec.    5. 
On   the  Manufacture  and  Testing  of  Prismatic  Compasses.      F.   E.   Smith.      (Abstract 

of  paper  read  before  the  Optical  Society.)       (73)      Dec.  8. 
Machine  Trenching  for  Long  Telephone  Conduits.*      (13)      Dec.  7. 
Cost  of  Swedish  State  Electricity.      (11)      Dec.  8. 
Operating  Characteristics  of  Lead  Accumulators.*      J.  H.  Tracy.      (Abstract  of  paper 

in  the  Electric  Journal.)'      (73)      Dec.  8. 
Grading   of   Starting   Resistances   for   Series   Motors   and   for   Series-Parallel   Control. 

F.  T.  Chapman.      (73)      Dec.  8. 
Lighting  a  Church  of  the  Basilica  Type.*      (Abstract  of  an  article  in  the  Electrical 

Review  and  Westerji  Electrician.)      (73)      Dec.  8. 
Design   of  Direct-Current  Railway  Accelerating  Resistors.*      L.   J.   Hibbard.      (From 

Electric  Journal.)       (73)      Dec.  8. 
A  Wehnelt  Cathode- Ray  Tube  Magnetometer.      Charles  T.  Knipp.      (Abstract  of  paper 

in  the  Philosophical  Magazine.)      (73)      Dec.  8. 

*  Illustrated. 
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The  Pliotron  Oscillator  for  Extreme  Frequencies.       William  C.  White.        (Abstract  of  an 

article  in  General  Electric  Revieic.)       (73)      Dec.  8. 
Changes   that  Increase  Denver's  Electrical   Distribution  Facilities.*      D.   C.   McClure. 

(27)      Dec.  9. 
Ground  Detector  Developed  by  Pacific  Coast  Company.*     George  E.  Armstrong.     (27) 

Dec.  9. 
Converting    Pin-Type    to     Suspension-Type    Line.*      George    H.     Stockbridge.      (27) 

Dec.  9. 
Street  Lighting  Revenues  in  New  England  District.     John  West.      (Paper  read  before 

National  Electric  Light  Assoc.)       (27)      Dec.  9. 
Locating  Faults   in  Alternating-Current  Induction  Motors.*      (64)      Dec.   12. 
Passing  of  the  Harrison  Street  Station,  Chicago.*      A  Bement.      (64)      Dec.  12. 
The  Alexanderson   Magnetic   Amplifier.*      Alexanderson   and   S.    P.    Nixdorff.      (From 

Institute  of  Radio-Engrs.)       (73)      Dec.  15. 
The  Sperry  Searchlight.*      (73)      Dec.  15. 
Cost  and  Results  of  Appliance  and  House  Wiring  Campaigns  in  Town  of  5  000.      (27) 

Dec.  16. 
New  Portable  Accumulator.    C.  Mayfield.     (From  English  Mechanic.)     (19)     Dec.  16. 
New  Method  for  the  Measurement  of  the  Dielectric  Constant.*      J.  Parker  Van  Zandt. 

(Ill)      Dec.  16. 
Outdoor    High-Tension    Arrangements    and    Construction.*      M.     M.    Samuels.      (27). 

Dec.  16. 
Lightning  Protection  of  Electrical  Systems.      E.  G.  Newton.      (17)      Dec.  16. 
Securing  Power  Business.      W.  C.  Durant.      (Paper  read  before  the  National  Electric 

Light  Assoc.)       (27)      Dec.  16. 
The  Sinusoidal  Wave  Method  of  Radio-Telegraphy.*      Walter  Haynes.     (Ill)     Dec.  16. 
Control    of   Electric    Motors    in    Steel    Mills.*      H.    F.    Stratton.      (Paper    read    before 

Assoc,  of  Iron  and  Steel  Elec.  Engrs.,  Philadelphia  Section.)       (116)      Dec. 
Air   Delivery   Factors   of   Blowing   Engines.*      W.    Trinks.      (116)      Dec. 
Uniflow   Engines   as   Rolling   Mill    Drives.*      W.   Trinks.      (Paper   read   before   Assoc. 

of  Iron  and  Steel  Elec.  Engrs.)       (116)      Dec. 
Straightening  Consumers'  Load  Curves.*      ,J.  E.  Bullard.      (27)      Dec.  23. 
Wireless  Telephony.*      Walter  Haynes.      (Ill)      Dec.  23. 

Illumination  of  Liberty.*      R.  F.   Carbutt  and  H.  H.   Magdsick.      (27)      Dec.  23. 
Maximum  Demand  Rates  for  Large  Down-Town  Buildings.     W.  P.  Whittington.      (27) 

Dec.  23. 
Practical  Talks  on  Controllers — Current  Limit  Type.*      M.  D.  Goodman.      (64)      Dec. 

26. 
George  Peabody  College  Power  Plant.*      James  H.  Browne.      (64)      Dec.  26. 
Installation  of  a  13  000-Foot  Submarine  Power  Transmission   Cable.      (From  Pacific 

Service   Magazine.)       (96)      Dec.    28. 
Graphical  Design  of  Direct  Current  Busbars.*      B.  B.  Hood.      (27)      Dec.  30. 
Plant  Arrangements  that  Permit  Continuous  Production  Flow.*      H.  S.  Stewart.      (27) 

Dec.  30. 
New  Power  Station  of  Compact  Design.*      (17)      Dec.  30. 
Neuer  Stangensockel  aus  armiertem  Beton  fUr  elektrische  Freileitungen.*    -A.  Burri. 

(107)      Dec.  9. 

Marine. 

German  Way  of  Loading  and  Discharging  Cargo.*      H.  H.  Bro'ughton.     (73)     Nov.  24. 

Donald  Portable  Sling  Elevator-Conveyor.*      G.  P.  Zimmer.      (11)      Nov.  24. 

German  Torpedo  Craft  in  the  War.*      (12)      Dec.  8. 

Bethlehem  Ore  Docks  in  New  York  Harbor :  Features  of  the  Hulett  and  Mead 
Morrison  Unloaders  Provided  to  Serve  the  Various  Classes  of  Ocean-Going 
Vessels.*      (20)      Dec.  14. 

Geared  Turbine  Installation  for  the  S.  S.  City  of  Canton.*  (11)  Serial  begin- 
ning Dec.  15. 

The  Naval  War  and  the  Size  of  Battleships.  William  Hovgaard.  (11)  Serial 
beginning  Dec.   15. 

Sur  la  Resistance  des  Coques  Sous-Marines.*      M.  Zack.      (33)      Dec.  16. 

Meclianical. 

Astoria  Tunnel  under  the  East  River  for  Gas  Distribution  in  New  York  City.*      John 

Vipond  Davies,  M.  Am.  Soc.  C.  B.      (54)      Vol.  80,  1916. 
Concrete-Lined  Oil-Storage  Reservoirs  in  California  :   Construction  Methods  and  Cost 

Data.*      E.  D.  Cole,  Assoc.  M.  Am.  Soc.  C.  E.      (54)      Vol.  80,  1916. 
Four-Cylinder   Double-Acting  Gas   Engine.*      (11)      Nov..  17. 
Equipment  of  the  Valleyfield  Colliery.*      (57)      Nov.   17. 
American  Petrol  Excavators  and  Tractors.*      (11)      Nov.  17. 
Benzol  Extraction  on  Coke  Ovens.      G.  T.  Purves.      (Abstract  from  paper  read  before 

Scottish  Junior  Gas  Assoc.)       (57)      Nov.  17. 
Oxide    of    Iron    Purification    in    California.      (Paper    read    before    Pacific    Coast    Gas 

Assoc.)      (66)      Nov.  21. 

*  Illustrated. 
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Oil-Washing  of  Gas  and  Matters  Arising  Therefrom.     W.  Doig  Glbb  and  H.  O.  Carr. 

(Paper    read    before    Southern    District    Assoc,    of    Gas    Engrs.    and    Managers.) 

(66)      Nov.   21. 
Removal   of    Sulphur   from    Spent   Oxide.      Edward    J.    Murphy.      (Paper    read    before 

Am.  Gas  Inst.)       (66)      Nov.  21. 
Chamber    Ovens    in    Medium-Sized    Works.     H.    W.    Douglas.      (Paper    read    before 

Michigan  Gas  Assoc.)  (66)  Nov.  21. 
Equivalent  of  the  Observed  Heat  Value  of  the  Light  Oil   Scrubbed   from   Coke  Oven 

Gases.     J.  W.  Shaeffer.      (Paper  read  before  Am.  Gas  Inst.)       (66)      Nov.  21. 
Economy    of    Coal     in    Power    Production.      C.     E.     Stromeyer.      (From    Manchester 

Steam  Users'  Assoc.)  (47)  Nov.  24. 
Coal  Loading  Conveyors.*  (57)  Nov.  24. 
Texture    of    Firebricks.      J.    W.    Mellor.      (From    paper    read    before    Faraday    Soc.) 

(57)      Nov.  24. 
Prevention  of  Crane  Accidents.     F.  H.   Elam.      (Paper   read  before  National   Safety 

Council.)       (47)      Nov.   24. 
Steel  Gasholder  Tanks.*      R.  J.  Milbourne.      (66)      Nov.  28. 
A  Problem  in  Supply   (Gas).     John  Mackensie.      (66)      Nov.  28. 
Unnoticed  Action  of  Bog  Iron  Ore.     Norton  H.  Humphreys.      (66)      Nov.  28. 
Some    Points    in    Connection    with    Benzol    Recovery.     J.    A.    Wilson.      (Paper    read 

before  Coke-Oven  Managers'  Assoc.)       (66)      Nov.  28. 
Roll-Neck    Lubricants:    Their    Reclamation.     William    M.    Davis.      (From    Lubrica- 
tion.)      (116)      Dec. 
Condensation   Pumps:    An   Improved   Form   of   High   Vacuum    Pump.*      Irving   Lang- 

muir.      (3)      Dec. 
Automobile  Engines  of  the  Future — Will   They  Operate  on   the  Otto   or   Some   Other 

Cycle?      Herbert  Clare.      (2)      Dec. 
Some  Whole  Truths  Regarding  the  Constant  Pressure  Cycle.     Arthur  B.  Browne  and 

Herbert  Chase.      (2)      Dec. 
Purification  of   Boiler  Feed   Water.*      (67)      Dec. 
Oil  Fuel   in  New  England.*      Charles  H.  Bromley.      (64)      Dec. 
Progress  with   the   Internal   Combustion   Engine.      (11)      Dec.   1. 
How  Old  Metal  is  Reclaimed  in  a  Large  Plant.      J.  M.  Bateman.      (Paper  read  before 

Am.  Inst,  of  Metals.)       (47)      Dec.   1. 
Springs.*      C.  E.  Squire.      (Paper  read  before  Junior  Inst,  of  Engrs.)       (47)      Serial 

beginning  Dec.  1. 
Commercial   Motor   Vehicles   for   Railway   and   Industrial    Purposes.*      (23)      Dec.    1. 
Can   Foundry  Sand  Be  Recovered  Economically?     H.   B.   Swan.      (Paper  read  before 

Am.  Foundrymens'  Assoc.)       (47)      Dec.  1. 
Sheet-Steel  Gear  Cases.*      C.  W.  Squier.      (17)      Dec.^  2. 
Distribution    of   Combustion    Products   from    Inverted*  Gas   Lamps.*      Robert   Ffrench 

Pierce.      (24)      Dec.  4. 
For  Some  Purposes  Heat  of  Connection  is  More  Desirable  than  Radiant  Heat.      L.  J. 

Piatt.      (Abstract  of  paper  read  before  National  Commercial  Gas  Assoc.)       (24) 

Dec.  4  ;  Dec.  11. 
Internal-Combustion   Turbine.*      A.  W.  H.   Griepe.      (64)      Dec.   5. 
Pressure  Tests  of  Welded   Boiler-Tube  Vessel.*      Robert  Cramer.      (64)      Dec.   5. 
Finding  a  Market  for  Culls.*      Curtis  A.  Wessel.      (76)      Dec.  5. 
Maintenance  Cost  of  Automobiles.      (86)      Dec.   6. 
Effirient  Formed-Tool   Grinding.*      J.   B.   Murphy.      (72)      Dec.   7. 
Special  Lathes  for  8-In.  Shells.*      H.  V.  Haight.      (72)      Dec.  7. 

Book  on  the  Looks  and  Details  of  Machines.*      John  E.  Sweet.      (72)      Serial  begin- 
ning Dec.  7. 
New  Iron  and  Steel  Roll  Foundry.*      (Birdsboro,  Pa.)       (20)      Dec.  7. 
Installing  Sugar  Machinery  in  Hawaii.*      (72)      Dec.  7. 
Making  of  the  Annular  Type  of  Ball  Bearings.*      (72)      Dec.  7. 
Youngstown's  New  Coke  Oven  Plant.*      (20)      Dec.  7. 

Three   Departments   in    a   Typewriter   Factory.*      Frank   A.    Stanley.      (72)      Dec.    7. 
Racine  Electric  Steel  Foundry  Completed.*      (20)      Dec.  7. 
Give  Furnaces  Plenty  of  Air  for  Good  Work.*      Ben  Thur.      (101)      Dec.  8. 
Russian   Motor   Car   Requirements.      (23)      Dec.   8. 
Tightening  Coke  Oven  Doors.*      (57)      Dec.  8. 

Calculation  of  Flow  of  Steam  Through   Pipes.     Frederick  N.  Hatch.      (27)      Dec.   9. 
Boiler  Settings  Under  Different  Conditions.*      (27)      Dec.  9. 
Modern  Practice  in  Fuel  Briquetting.*      W.  P.  Frey.      (45)      Dec.  9. 
Byproduct    Coke   Ovens    on    Jersey    Meadows    Built    Inside   Temporary    Steel    Sheds.* 

(14)      Dec.  9. 
Gas   Coke  Has   Decided   Advantages   Over  All   Other  Household   Fuels.*      Herbert    B. 

Birch.      (24)      Dec.  11. 
Value  of  Gas  Not  Determined  by  Competitive  Cost  of  Other  Fuels,  but  by  Its  Degree 

of    Usefulness.      Henry    O.    Loebell.      (Paper    read    before    National    Commercial 

Gas   Assoc.)       (24)      Dec.    11. 
Davis  Furnace  Display  in  Manchester.*      (66)      Dec.   12. 

*  Illustrated. 
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High   Pressure  Distribution   at   San   Francisco,    and   the   Best   Form   of   Chamber   for 

District    Regulation.*      D.    E.    Keppelmann.      (Abstract    of    paper    read    before 

Pacific  Coast  Gas  and  Electric  Company.)       (66)      Dec.   12. 
Modern  Gas  Equipment  for  Residence  Lighting.      M.   A.   Combs.      (Abstract  of  paper 

read  before  Illuminating  Eng.  Soc.)  (66)  Dec.  12. 
Visit    to    the    Nechells     (Birmingham)     Gas    Works     (Description).      E.    W.    Smith. 

(From  Midland  Junior  Gas  Assoc.)  (66)  Dec.  12. 
Testing  Centrifugal  Piimps.*  J.  Lewis.  (64)  Dec.  12. 
Experiences   in   Sulphate  of  Ammonia   Making   at  Galashiels.      R.   J.   Gavin.      (Paper 

read  before   Scottish  Junior  Gas  Assoc.)       (66)      Dec.   12. 
Vibration  in  Impulse  Turbines.*      Eustis  H.  Thompson.      (64)      Dec.  12. 
Weathering    of    Gas    Coals:    A    Five-Year    Test.*      Alfred    H.    White.      (Paper    read 

before  the  Michigan  Gas  Assoc.)       (66)      Dec.   12. 
Safe  and  Noiseless  Operation  of  Cut  Gears.*      William  Knight.      (72)      Dec.   14. 
Making  Typewriter  Type.*      Frank  A.  Stanley.      (72)      Serial  beginning  Dec.   14. 
Industrial   Gas  Problems.      Charles  H.   Price.      (83)      Dec.   15. 
Warm-Air  Furnace  of  the  Fifties.*      (101)      Dec.   15. 

Fixing  Responsibility  for  Efficient  Service.      A.   C.   Howard.      (83)      Dec.    15. 
Notes    on    Piston    and    Small-End    Lubrication    in    Diesel    Engines.      G.    B.    Vickers. 

(Abstract  of  paper  read  before  Diesel  Engine  Users'  Assoc.)       (73)      Dec.  15. 
Refractory    Materials    in    South    Yorkshire.      W.    G.    Fearnsides.      (Prom    paper    read 

before  Midland  Institute  of  Mining,  Civil,  and  Mech.  Engrs.)       (57)      Dec.  15. 
Tests  of  Carbon  Dioxide  Recorders.      (11)      Dec.  15. 
Deighton's    Steam    Boiler.*      (47)      Dee.    15. 

Coke  Quenching  Hoppers.*      R.  B.  Richardson  and  John  Sieberg.      (83)      Dec.  15. 
Graphic   Record  of  Auto   Costs.*      Stanley   C.   Tarrant.      (83)      Dec.    15. 
Cast  Iron:   With   Special   Reference  to   Engine   Cylinders.     J.   Edgar  Hurst.      (Paper 

read  before  the  Manchester  Association  of  Engineers.)       (47)      Serial  beginning 

Dee.  15. 
Gas  Steam  Generating  Units  of  6  000  H.P.*      (12)      Dec.   15. 
Combined  Coal  and  Gas  Firing.*      (57)      Dec.  15. 

Motor-Generator  Set  for  Operating  Rolling  Mills.*      William  Knight.      (27)      Dec.  16. 
Filling  the  Salt-Seller:  How  Salt  is  Extracted  From  the  Great  Salt  Lake.*      Stanley 

Weir.      (46)      Dec.  16. 
Modern  Practice  in  Mechanical  Boiler  Stoking.      John  Van  Brunt.      (17)      Dec.  16. 
Where  the  Motor  Truck  has  Displaced  the  Horse.*      (19)      Dec.  16. 
Mileage  Used  as  Basis  for  Computing  Depreciation   (Automobiles  and  Motor  Trucks).* 

Asa  E.   Phillips.      (14)      Dec.   16. 
When  the  Boiler  Attacks  the  Engine.     C.  W.  Crawford.      (45)      Dec.   16. 
Manufacture  of  Big  Chains.*      (19)      Dec.   16. 
Coking    Coal    Industry    in    Harlan    County,    Kentucky.      J.    R.    Foster.      (Paper    read 

before  Kentucky  Mining  Institute. J  (45)  Dec.  16. 
Hydraulic  Air-Compressor.*      A.  E.  Chodzks.      (103)      Dec.   16. 

Efficiency   of   Compressed-Alr.      Theodore    Simons.      (16)      Serial    beginning   Dec.    16'.. 
Cost  of  Service  Forms  Only  Equitable  Basis  Upon  Which  to  Establish  Rates.*      J.  M. 

Spitzglass.      (Paper  read  before  Pacific  Coast  Gas  Assoc.)       (24)      Dec.  18. 
Injurious    Effects   of    Impurities   in    Boiler   Feed    Water.     W.    H.    Fulweiler.      (Paper 

read  before  Am.  Gas  Institute.)      (24)      Dec.  18. 
How  Should  Gas  be  Measured?     R.  L.   Spencer.      (64)      Dec.    19. 
Moore  Steam  Turbine.*      (64)      Dec.  19. 

D.  I.  Davis  Low-Temperature  Compression  System.*      (64)      Dec.  19. 
Simple  Tests  for  Iron  and  Steel.*      C.  R.  White.      (72)      Dec.  21. 

Cincinnati   Automatic   Bed-Type  Millers   for   Quantity   Manufacture.      (72)      Dec.   21. 
Repair  Work  in  a  Sugar  Mill.*      Frank  A.  Stanley.      (72)      Dec.   21. 
Locomotive   Crane   for   Heavy   Concrete-Bridge   Work.*      (13)      Dec.   21. 
Circulation  of  Air  in  Furnace  Systems.*      (101)      Dec.   22. 
Turntable  Dump  Saves  Time  of  Motor  Trucks.*      (14)      Dec.   2.3. 
New  Type  of  Steam  Motor  Car.*      (46)      Dec.  23. 
Improvements  in  Air-Compressors.*      (103)      Dec.  23. 

Finished  Artificial   Mantle   as   Furnished  To-Day  Represents   More   Labor,   Investiga- 
tion,   Technical    Skill    and    Refinement    of    Process    Than    Any    Other    Substance 

Used    in    Manufacture   of   Lighting   Apparatus.*      Robert   Ffrench    Pierce.      (24) 

Dec.  25. 
Device  for  Carrying  off  Gas  Leaking  from  Underground  Mains  has  Proved  Effective 

in  Preventing  Injury  to  Trees,  Greenhouse  Crops,  etc.*      George  E.  Stone.      (24) 

Dec.  25. 
True  Value  of  Light  Oil  in  a  Gas  Lies  in  Its  Effectiveness  Per  Unit  Volume.      J.  W. 

Shaeffer.      (Paper  read  before  Am.  Gas  Institute.)       (24)      Dec.  25. 
Methods  of  Purifying  Boiler  Feed  Waters.      W.   H.   Fulweiler.      (24)      Dec.   25. 
Locating  Ammonia  Leaks.*      E.  W.  Miller.      (64)      Dec.  26. 
Water  Rates  of  Auxiliaries.*      R.  Von   Fabrice.      (64)      Dec.    26. 
Do  Belts  Slip  as  Supposed?*      S.  B.   Richey.      (64)      Dec.  26. 
Relationship    of    Boiler    Heating    Surface    to    Economizer.*      M.    C.    Sherman.      (64) 

Dec.  26. 

*  Illustrated. 
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Getting  the  Cost  of  Power.      C.  W.  Whiting.      (64)      Dec.  26. 

Design  and  Construction  Features  of  a  Reinforced  Concrete  Slurry  Elevator.*      D.  C. 

Findlay.      (86)      Dec.  27. 
Thermo-Physics   of   Cast    Iron.      Richard   Moldenke.      (From   paper   read    before    New 

England  Foundrymen's  Assoc.)       (20)      Dec.  28. 
Forging-Hammer  Foundations.*      Terrell   Croft.      (72)      Dec.   28. 
Production  Gages.      F.  H.  Bogart.      (72)      Dec.  28. 
Building  Laundry  Machinery.*      Frank  A.  Stanley.      (72)      Dec.  28. 
Rail  Rerolling  Mill  at  Marion,  Ohio.*      (20)      Dec.  28. 
Handling  the   Material    in   a   Typewriter   Factory.*      Frank   A.    Stanley.      (72)      Dec. 

28. 
Powdered   Coal   for   Stationary   Boiler   Plants.      C.   W.    Corning.      (Abstract   of   paper 

read  before  Smoke  Prevention  Assoc.)       (15)      Dec.  29. 
Steam  Station  of  Ohio  State  Power  Company.*      (27)      Dec.  30. 

Uniform    Contract   for    Sheet   Metal    Buyers.     T.    D.    McCloskey.      (101)      Dec.    29. 
Motor  Service  in  Constructing  Grain  Elevator.*      (27)      Dec.  30. 
Compresseur — Frein    pour    le    Reglage   de    la   Vitesse    des    Vehicules   automobiles    sur 

Routes  et  sur  Voies  Ferrees.*      L.  Pierre-Guedon.      (,33)      Dec.   9. 

Metallurgical. 

Deterioration     of    Refractory     Materials    With     Special     Reference     to     Open-Hearth 

Practice.*      (Parts  1-2.)      H.   B.   Cronshaw.      (71a)      Vol.   7. 
Gases  Occluded  in  Alloy  Steels.*      J.  W.  Donaldson.      (7Io)      Vol.   7. 
Iron-Carbou-Silicon  Alloys.*      J.  H.  Andrew.      (71u)      Vol.   7. 
Heat  Balance  of  a  Blast-Furnace   Stove.*      R.  S.   G.   Knight.      (71a)      Vol.   7. 
An  Investigation  of  Liquid  Contraction  in  Cast  Iron.*      (Part  2.)      George  Hailstone. 

(71a)      Vol.   7 
Preliminary    Report    on    the    Heat    Balance    of    Steel    Furnaces.*      R.    S.    G.    Knight. 

(7Ia)      Vol.  7. 
Investigation  of  the  Relative  Merits  of  Various  Agents  for  the  Deoxidation  of  Steel.* 

(Parts   1-2.)       (71a)      Vol.   7. 
Oxygen   Content  of   Iron   and   Steel   and   Its   Effect   on    Their   Properties.      (Part   2.) 

J.  Allen  Pickard.      (71a)      Vol.  7. 
Carbonization  of  Wrought  Iron  in  Gases.*      F.  W.  Harboard.      (116)      Dec. 
Accidents    At    Blast    Furnace    Plants :    Their    Cause    and    Prevention.      F'rederick    H. 

Wilcox.      (From    Technical    Paper    No.    136,    V.    S.    Bureau    of    Mines.)       (47) 

Dec.   1. 
Improvements  in  Rolling  Mills.*      (47)      Dec.  1. 
From  Precipitate  to  Bullion.*      R.  R.   Bryan.      (103)      Dec.  9. 
Metallurgical    Treatment    of    Molybdenum    Ores.     Herman    Fleck.      (From    Colorado 

School  of  Mines  Quarterly.)      (82)      Dec.  9. 
The   Electrolytic   Oxidation   of   Sulfurous    Acid.*      M.    De    Kay    Thompson   and    N.    J. 

Thompson.      (105)      Dec.   15. 
Outlines  for  the  Determination   of   Zinc.      R.   Franklin   Heath.      (82)      Dec.   16. 
Electrolytic   Refining  at  Trail.*      T.   A.   Rickard.      (103)      Serial   beginning   Dec.   23. 
Iron    Blast-Furnace    Slags.      M.    A.    Pauloff.      (From    Journal    of    Soc.    of    Chemical 

Industry.)       (16)      Dec.  30. 
Sulphuric  Acid  from  Copper  Smelting  Gases.*      E.  L.  Larison.      (16)      Dec.   30. 
La   Production  du   Cuivre   aux   Etats-Unis,   la   mine   Inspiration   et   I'Usine   de   Miami 

(Arizona).*      Ch.   Dantin.      (33)      Nov.   18. 
L'Usine  filectrosiderurgique  de  Latrobe    (Pennsylvanie,  fi.-U.).*      Ch.  Dantin.      (33) 

Dec.  9. 

Military. 

New    Military   Trains — Great    Indian    Peninsula    Railway.*      (23)      Dec.    1. 
Sanitation    with    the    British    Expeditionary    Force    in     France.*      N.    W.    Haskins. 

(Paper    read   before    Institution    of    Sanitary    Engrs.)       (104)      Serial    beginning 

Dec.   8. 
Deceptive  Working  Limits  on  Munitions.*      F.   H.   Bogart.      (72)      Dec.   14. 
Les  Croiseurs  Legers.*      (33)      Nov.  25. 

Les   Ports  francais  et   la   Guerre,   Marseille.*      Auguste   Pawlowski.      (33)      Dec.    16. 
Sur  la  Resistance  des  Coques  Sous-Marines.*      M.  Zack.      (33)    Dec.  16. 

Mining. 

Structure  of  the   South   Staffordshire   Coalfield.      E.   A.   Newell   Arber.      (From   paper 

read  before   South   Staffordshire  and   Warwickshire   Institute   of   Mining   Engrs.) 

(106)      Nov. 
Economical  Production  and  Utilization  of  Power  at  Collieries.      F.  F.  Mairet.      (From 

paper  read  before  Midland  Institute  of  Mining,  Civil,  and  Mech.  Engrs.)       (106) 

Nov. 
Widening  the  Upcast  Shaft  at  Tinsley  Park  Colliery.      H.  J.  Atkinson.      (From  paper 

read  before  Midland  institute  of  Mining,  Civil,  and  Mech.  Engrs.)       (106)      Nov. 
Electric  Winding  Plant  at  a  Yorkshire  Pit.*      (26)      Nov.  17. 

*  Illustrated. 
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Mining — (Continued). 

Making   a   Shaft    Upwards.*      G.    Blake   Walker.      (Paper    read    before    Midland    Inst. 

of   Mining,   Civil   and   Mech.   Engrs.)       (22)      Nov.    17. 
Pit  Shaft  Sinking  by  the  Freezing  Process.*      (12)      Nov.  24. 
Iron   Ores  of   the   Marklesburg   Region.*      Wallace  G.    Imhoff.      (116)      Dec. 
Boiler  Economy  at  Mining  Plants.*      D.   J.   Jenkins.      (45)      Dec.   2. 
Cadogan   Power   Plant.*      Fred   Norman.      (45)      Dec.   2. 
Cap  Lamp  With  New  Feature.*      (45)      Dec.  2. 

Gaseous  Mines  in  the  Crow's  Nest  Pass  Coal  Field.*    Thomas  Graham.     (45)     Dec.  2. 
Sulphidizing  Carbonate  Tailings  for  Treatment  by  Oil  Flotation.     W.  A.  Scott.      (82) 

Dec.  2. 
Daily   Sampling  in   Square-Set  Mining,  Arizona.      F.   B.   Hanchett.      (82)      Dec.   2. 
Hulett  Unloader  as  Applied   to  the  Handling  of  Copper  Ore.*      (82)      Dec.   2. 
Black  Sand  of  the  Pacific   Coast.      Herbert  Lang.      (103)      Dec.   2. 
Design  for  Auxiliary  Shaft.*      O.  J.  Pleschner.      (45)      Dec.   2. 
Purchase  of  Coal  on  Specifications.      Frederick  L.  Steinhoff.      (76)      Dec.   5. 
Storing   and    Measuring   Oil    from    a    California    Gusher.*      George    D.    Roalfe.      (13) 

Dec.   7. 
Coedely  Colliery.*      (22)      Dec.   8. 

Tonnage   Available.*      (Coal.)      J.   F.  K.   Brown.      (45)      Serial   beginning   Dec.   9. 
Some  Observations  on  Sampling.*      Irving  Herr.      (16)      Dec.  9. 
Methods  of  Softening  and  Filtering  Mine  Water.*      M.  F.  Newman.      (82)      Dec.  9. 
Public    Regulation    of    Coal    will    Prove    Beneficial    to    the    Landowner,    Consumer, 

Mineworker  and  Operator.      George  Otis  Smith  and  C.  E.  Lesher.      (From  paper 

read  before  Am.  Mining  Congress.)       (24)      Dec.  11  ;      (83)      Dec.   15. 
The  Determination  of  Nickel   in   Iron  Ores.      Philip  Covitz.      (105)      Dec.   15. 
Some  Causes  of  Decav  of  Timbers  in  Coal   Mines.      J.   Mitchell.      (From   paper   read 

before   Midland   Institute  of  Mining,    Civil,    and   Mech.   Engrs.)       (57)      Dec.    15. 
New     Winding    Plant    at     Newmuhl     Colliery,     Hamborn.*      Von     Hummel.      (From 

Gliickauf.)      (57)      Dec.    15. 
The  Big  Pine  Cyanide  Mill.*      C.  H.  Dunning.      (16)      Dec.   16. 
Newest  and  Largest  Giant  Gold  Dredge.*      (Ill)      Dec.   16. 

The  Launching  of  the  Yuba  No.   16    (Dredge).     Walter  S.  Weeks.      (103)      Dec.   16. 
An  Interesting  Dynamometer  Journal-Friction  Test  (For  Use  on  Mine  Cars).*      (45) 

Dec.  16. 
Centralized  Power  Plant.*      J.  M.  Poyner.      (45)      Dec.  16. 
New  Electrical  Device  for  Detecting  Gas.*      C.  M.  Means.      (Paper  read  before  Coal 

Mining  Institute  of  America.)       (45)      Dec.  16. 
Launder  Flotation   Machine.*      B.   M.   Snyder.      (16)      Dec.   16. 
Gold  in  Silver  Concentrate.      A.  J.  Sale.      (103)      Dec.  16. 
Reduction  of  Stope  Contours.*      J.  J.  Bristol.      (16)      Dee.  16. 
Bituminous  Coal  Mines  of  Crow's  Nest  Pass.*      (Alberta  and  British  Columbia.)      P. 

M.   Sherwin.      (45)      Serial   beginning  Dec.   2?,. 
Good   Results   Secured   in   the   Pittsburgh   Seam.      Thomas   Brennan.      (45)      Dec.    23. 
Cache  Creek  Dredge,  Alaska.*      Sumner  S.  Smith.      (103)      Dec.   2.3. 
Underground   Electric   Mine  Lighting.      Letson   Balliet.      (82)      Dec.   23. 
Electricity    at    the    Bunker    Hill    &    Sullivan     (Mine).*      Walter    C.    Clark.      (HI) 

Dec.   23. 
Plant  of  the  Babilonia  Gold  Mines,  Nicaragua.*      S.   M.   Parker.      (103)      Dec.   23. 
An  Automatic  Tipple  Near  Houtzdale,  Penn.*      H.  V.  Schieffer.      (45)      Dec.  23. 
Analysis   of  Molybdenum   Ores.      H.   Westling  and   Carl   Andersen.      (103)      Dec.   23. 
A  Machineless  Air  Compressor.*      (64)      Dec.  26. 

Steel   Dredge  Construction  by  Pacifio  Dredging  Co.*      (16)      Dec.   30. 
Handling  Mine  Waters.*      L.   B.   Smith.      (Paper   read   before   Coal    Mming   Institute 

of  America.)       (45)      Dec.  30. 
The   Wave   Transmission    System   and   Its   Use   in   Drilling.*      E.    M.    Weston.      (16) 

Dec.    30. 

Miscellaneous. 

Classified  List  of  Searches  Made  in  the  Library,  January,  1901,  to  November,  1916 

(Am.  Soc.  of  Civ.  Engrs.).      (54)      Vol.  80,  1916. 
Address  at  the  Annual  Convention,   in  Pittsburgh,  Pa.,  June  27th.   1916       (Am.  Soc. 

of  Civ.  Engrs.).      Clemens  Herschel,   President,  Am.  Soc.  C.  E.      (54)      Vol.  80, 

1916. 
Cohesion   in  Earth  :  The  Need  for  Comprehensive  Experimentation   to  Determine  the 

Coefficients   of   Cohesion.*      William    Cain,    M.    Am.    Soc.    C.   E.      (54)      Vol.    80, 

1916. 
Protection   of  our  Forests.*      George   H.   Wirt.      (PS)      Oct. 
How  to  Waterproof  Drawings.      F:   W.    Salmon.       (13)      Nov.    30. 
Electrolytic  Dissociation   in  Non-Aqueous  Solutions.      Henry  Jermain   Maude   Creigh- 

ton.      (3)      Dec. 
A  National  Department  of  Public  Works  our  Nation's  Need.      Isham  Randolph.      (3) 

Dec. 
Effect  of  Ultra  Violet  Light  on   the  Eye.      (731      Dec.   1. 

*  Illustrated. 
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All*ceIlaneous—  ( Continued ) . 

New  Organization  of  the  United  States  Office  of  Public  Roads  and  Rural  Engineering. 

(86)      Dec.  6. 
Ontario  Forest  Protection  System.      (From  Memorandum  of  Canadian  Forestry  Assoc. 

to  Minister  of  Lands,  Forests  and  Mines.)       (96)      Dec.   7. 
British    Coal-Tar    Colour    Industry    and    Its    Difficulties    in    Time    of    War.      C.    M. 

Whittaker.      (29)      Dec.   8. 
Manufacture   of  Chromates   From   Chromite.      Harold   French.      (103)      Dec.   9. 
Engineering    Observations    in    the    Orient.*      Robert    Sibley.      (HI)      Dec.    9. 
Use  of  Ozone  :   Some  of  Its  Applications   in  Chemical   Research  and  the   Industries.* 

(From   Chemical  News.)       (19)      Dec.    9. 
Raw  Materials  Used  by  the  Rubber  Manufacturers.      B.  D.   Porritt.      (From  Journal 

of  Chemical  Industry.)       (19)      Dec.  9. 
Keeping   Cost  Data   on   Municipal   Work   Carried   Out   by   Day   Labor.*      A.   E.   Fore- 
man.     (96)      Dec.   14. 
Manufacturing  Commercial  Salt  Blocks  by  Hydraulic  Pressure.*      (105)      Dec.   15. 
Organization  of  Iron,  Steel,   Engineering,   Shipbuilding,   and  Allied   Industries.      (47) 

Dec.   15. 
The  Thermal  and  Pressure  Decomposition  of  Pentanes  and  Hexanes.      Gustav  Egloft. 

(105)      Dec.  15. 
Rubber.      (11)      Dec.   15. 

Rubber  Sponge.      Andrew  H.  King.      (105)      Dec.  15. 
Public  Service  Corporation  and  the  Working  Man.       Theodore  P.  Shonts.      (Abstract 

of  paper  read  before  Illinois  Manufacturers'  Assoc.)       (17)      Dec.   16. 
The  Engineering  Department   Modernized    (Norton  Grinding  Co.,  Worcester,    Mass.)* 

H.   W.  Dunbar  and  W.  E.   Freeland.      (20)      Serial  beginning  Dec.   21. 
Organization    of    Manufacturing    Plants.*      A.    D.    C.    Parsons.      (From    paper    read 

before  North-East  Coast  Institution  of  Engrs.  and  Shipbuilders.)      (20)     Dec.  21. 
Side    Lights    on    Depreciation    Problems    of    Utilities.      Harry    Barker.      (13)      Serial 

beginning  Dec.  21. 
How    Waste    Paper    is    Treated    to    Make    New    Paper.*      Thomas    J.    Keenan.      (46) 

Dec.   23. 
A   New   Bromoll   Process ;    An   Improved   Method   of  Producing  Artistic   Photographic 

Prints.*      Walter  Dearden.      (19)      Dec.  23. 
The    Problem    of    X-Rays.*     Frederick    Soddy.      (From    Science    Progress.)      (19) 

Dec.   23. 
Collection  of  Data   (Filing).     Canadian  Correspondent.      (45)      Dec.  30. 
The   Synthesis   of   Caoutchouc  :   A   Survey   of  Various  Attempts   to   Produce   Artificial 

Rubber.      B.  D.  W.  Luff.     (From  Journal  of  Chemical  Industry.)     (19)     Dec.  30. 
The   Government's   Scientific   and   Engineering   Work.      (14)      Dec.    30. 
De    I'Organisation    de    la    Recherche    Scientiflque    en    France.     Henry    Le    Chatelier. 

(93)      May. 
La  "Taylorisation"  et  son  Application  aux  Conditions  Industrielle  de  I'Apres-Guerre. 

Felix  Drouhet.      (33)      Nov.  25. 

Municipal. 

Town  Planning  in  Wales :  With  Special  Reference  to  the  Development  of  Hilly 
Sites.  T.  Alwyn  Lloyd.  (Extracts  from  paper  read  before  the  Town  Planning 
Institute.)       (104)      Nov.  17. 

Constructing  a  Cut  and  Fill  Park.*      (86)      Dec.  20. 

Town  Planning:  The  Laying  Out  of  Curves.*      H.  L.  Seymour.      (96)      Dec.   21. 

How  Chicago  Is  to  Finance  Traction  Program  (Chicago  Traction  and  Subway  Com- 
mission).     (14)      Dec.    30. 

Railroads. 

Review  of  the  Report  of  Captain  Andrew  Talcott,  Chief  Engineer,  Mexico  and  Pacific 

Railroad,   Eastern   Division,   from  Vera  Cruz   to   Mexico :    Explorations,    Surveys, 

Estimates,  1858.*      Emile  Low,  M.  Am.  Soc.  C.  E.      (54)      Vol.  80,  1916. 
Gears    and    Side    Rods    in    Electric    Locomotives    on    American    Railroads.*      G.    M. 

Eaton.      (61)      Oct.  16. 
General  Track  and  Building  Plan  for  Chicago  Union   Station  Is  Made  Public.      (14) 

Nov.  4. 
New     Passenger     Rolling-Stock — Great     Southern     and     Western     Railway.*      (23) 

Nov.  17. 
Improvements  on  the  Bombay,  Baroda,  and  Central  India  Railway.      (23)      Nov.   17. 
Rotary  Interlocking  Block  System.*      (23)      Nov.  24. 
Passenger  Locomotive  for  the  Caledonian   Railway.*      (11)      Nov.  24. 
Locomotive    Firebox    Efficiency.*      J.    T.    Anthony.      (Paper    read    before    Richmond 

Railway  Club.)       (47)      Nov.  24. 
Classification  of  Railway  Failures.      (11)      Nov.  24. 
Locomotive   Axle   Failure.      H.   W.    Belnap.      (From    Report    to    Interstate    Commerce 

Commission.)       (25)      Dec. 
Hopper  Car  of  2  000  000  Lb.  Capacity.*      (25)      Dec. 
Handling    and    Repairing    Freight    Cars.      F.    C.    Schultz.      (Paper    read    before    Car 

Inspectors'  and  Foremen's  Assoc.)       (24)      Dec. 

*  Illustrated. 
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Railroads— (Continued). 

Automatic  Refrigerator  and  Heater  Car.*      (25)      Dec. 

Balance   Draft   for  Stationary   Boilers.*      (25)      Dec. 

Modern    British   Goods   Locomotives.*      E.    C.   Poultney.      (25)      Dec. 

Operation  of  a  General   Flue  Shop.*      R.   B.  Van  Wormer.      (Abstract  of  paper   read 

before   Southern   and   Southwestern   Railway  Club.)       (25)      Dec. 
Kiesel    Train    Resistance    Formulas.      A.    J.    Wood.      (From    Report   to    Am.    Railway 

Master   Mechanics'    Assoc.)       (25)      Dec. 
High    Explosives :    Their   History    and   Manufacture,    and    their    Application    to    Rail- 
way   and   Kindred    Work.*      W.    Cleaver.      (Paper    read    before   Permanent    Way 

Institution.)       (23)      Serial  beginning   Dec.   1. 
Heavy  4-4-2   Type  Locomotives — Pennsylvania  Railway.*      (23)      Dec.   1. 
The  Miscox  Railway.*      S.  Berg.      (12)      Serial  beginning  Dec.  1. 
Burning  out  of  a  Tunnel  on  the  Southern  Pacific.*      (23)      Dec.  1. 
Belgian    Engineer's   Ideas   of   Heavy    Electric    Traction    in   America.      Joseph   Carlier. 

(From   La   Lumiere  Electriqite.)       (17)      Dec.    2. 
Engine  Terminal   and  Coach  Yard,    Baltimore  &   Ohio   C.   T.   R.   R.,   Chicago.*      (18) 

Dec.  2. 
Electric    Arc    Welding.*      (From    Report    to    Assoc,    of    Railway    Electrical    Engrs.) 

(18)      Dec.  2. 
Heavy  Grading  on  50-Mile  Southern  Relocation.*      (13)      Dec.  7. 
Unusual  Flue  Work  and  Tools  in  a  Railroad  Shop.*      (72)      Dec.  7. 
Sleeping  Cars  for  the  Canadian   Government.*      (IS)      Dec.   8;      (25)      Dec. 
Express   Tank  Locomotive,   4-6-4   Type — London,    Brighton   &  South  Coast  Railway.* 

(23)      Dec.   8. 
Position-Light  Signals,  Pennsylvania  Railroad.*      (23)      Dec.  8. 
Louisville  &  Nashville  Timber  Treating  Plant.*      (15)      Dec.  8. 
Steel   and  Wood  in  Freight  Car  Construction.      (18)      Dec.   9. 
Uses   of  Compressed   Air   in    Railroad   Shops.*      (From   Report   to   Assoc,   of   Railway 

Electrical  Engrs.)       (18)      Dec.   9,. 
To  Facilitate  Laying  Out  Sharp  Railroad  Curves.      F.  T.  Howes.      (14)      Dec.  9. 
Piledrivers  Designed  and  Built  by  Three  Railways.*      (13)      Dec.   14. 
New   Railway  in   Indiana  for  the  Pennsylvania  System.*      (13)      Dec.   14. 
Lighting   Freight  Yards.*       (13)      Dec.    14. 
The    Chicago,    Milwaukee    &    St.    Paul    Railway.*      (From    pamphlet    by    the    General 

Electric  Co.  of  Schenectady.)       (73)      Dec.  15. 
Fuel  Economy  and  Locomotive  Boiler  Design.     J.   T.   Anthony.      (Paper   read   before 

the  New  England  Railroad  Club.)       (47)      Dec.   15. 
Locomotive  Fire-boxes.      (23)      Dec.  15. 
The  Electric  Equipment  of  the  Locomotives  for  the  Chicago,   Milwaukee   &  St.   Paul 

Ry.*      (From    General    Electric    Review    and    Electric    Raihvay    Journal.)     (73) 

Dec.   15. 
New    Top-Feed    Arrangement    for    Locomotive    Boilers — London,    Brighton    &    South 

Coast  Railway.*      (23)      Dec.  15. 
Is   Intercolonial's  Failure  Due  to  Low  Rates?     Francis  A.   Bonner.      (15)      Dec.    15. 
The  Pennsylvania's  Fight  with  the  Snow.*      (23)      Dec.  15. 
Second  Simplon  Tunnel.      (12)      Dec.   15. 
Protest  Against  the  Federal  Valuation  :   Atlanta,   Birmingham  &  Atlantic   and  Texas 

Midland   Object   Strongly  to  Many   Figures   In   Government   Report.      (15)      Dec. 

15  ;    (14)    Dec.   16. 
Force  of  Impact  Between  Vehicles  in  a  Moving  Train   of  cars.*      Walter  V.   Turner. 

(From  Railway  and  Locomotive  Engineering.)       (19)      Dec.    16. 
New   Freight   House   for   the   Chicago   &   Northwestern    Railway,    at    Sioux   City,    la.* 

(18)      Dec.  16. 
Would   Replace  Atlanta's  Two  Passenger   Terminals  with   One  on    New   Site.*      (14) 

Dec.  16. 
Arc-Welded  Track  Joints.      E.  A.  Hoffman.      (17)      Dec.  16. 
Developments  in  Valuation.      (18)      Dec.  16. 

The  Proposed  Illinois  Central  Terminal   at  Chicago.*      (86)    Dec.   20;    (15)    Dec.   22. 
Analyzing   a    Typical    Freight   Car   Journey :    A    Study   of   the   Reasons    for    the   Low 

Mileage  Per  Car  Per  Day  and  Measures  by  Which  It  Can  be  Increased.*      C.  F. 

Balch.      (15)      Dec.   22. 
Heavy   Freight  Locomotives  for   the  Duluth,   Missabe   &   Northern.*      (15)      Dec.   22. 
Rebuilding  the   World's   Busiest   Station   in    War   Time    (St.    Lazare,    Paris).*      (15) 

Dec.  22. 
Signals    in    New   South    Wales.      C.    B.    Byles.      (From    paper    read    before    Electrical 

Assoc,  of  Australia.)       (15)      Dec.  22. 
New  York  Central  Passenger  and  Freight  Terminal  at  Buffalo.*      (15)      Dec.  22. 
Electric  Arc  Welding  in  Locomotive  Repair  Shops.*      R.  E.  Kinkead.      (18)      Dec.  23. 
Government    Ownership     (Railroads).      F.    B.    De    Berard.      (18)      Serial    beginning 

Dec.   23. 
Aluminum   Catenary   Messenger  with   Steel   Contact  Wire  Used   on   L.   E.   &   N.   Ry.* 

(17)      Dec.  30. 
Study  and  Comparative  Tests  of  Electric  Headlights.      (17)      Dec.   30. 

*  Illustrated. 
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Railroads— (Continued ). 

Railway  Publicity.  Walter  S.  Thompson.  (Paper  read  before  the  Canadian  Rail- 
way Club.)       (17)      Dec.  30. 

Tunnel  Sous-Main  entre  la  France  et  I'Angleterre.*      A.  Moutier.      (32)      July. 

Appareils  pour  la  Reparation  des  Plaques  Tubulaires  des  Foyers  de  Liocomotives.* 
L.   Pierre-Gu6don.      (33)      Nov.  18. 

Les  Resultats  d'Exploitation  du  Chemin  de  Fer  des  Alpes  bernoises  (Berne-Loetsch- 
berg-Simplon).*       (33)      Nov.  25. 

Les  Chemins  de  Fer  russes  et  la  Guerre  ;  les  Projets  de  Construction  des  Nouvelles 
Lignes.      (33)      Dec.  2. 

Les  Chemins  de  Fer  Chinois,  Programme  pour  leur  Developpement.*  P.  Calfas. 
(33)      Dec.  9. 

Die  Eisenbahn-Tunnel  der  Schweiz  von  mehr  als  2  000  m.  Lange.*      (107)      Nov.  25. 

Die  Druckluft-Stellwerkanlage  des  Bahnhofes  Spiez.*      W.  Schaffer.      (107)      Dec.  9. 

Railroads.  Street. 

Secure  Subway  Supports.*  A.  B.  Lueder,  M.  Am.  Soc.  C.  E.,  and  W.  J.  R.  Wilson. 
(54)      Vol.  80,  1916. 

Truss-Side  Construction  for  Railway  Cars.*  L.  B.  Stillwell.  (Abstract  of  paper 
read  before  Central  Electric  Ry.  Assoc.)       (17)      Nov.  25. 

Freight  and  Express  Traffic  :  Increased  Freight  and  Express  Service  will  Make 
Electric  Railways  More  Useful.  Nathan  Rumney.  (Abstract  of  paper  read 
before  Central  Electric  Railway  Assoc.)       (17)      Dec.  2. 

Arrangement  for  Serving  1  500-Volt  Railway.*      (27)      Dec.   2. 

1  500-Volt  Substation  with  Three  750-Volt  Rotaries.  (Salt  Lake  and  Utah  Rail- 
way).*     M.  R.  Lott.      (17)      Dec.  2. 

Interconnecting  Power  Supply  Systems.  Samuel  Insull.  (Paper  read  before  Illinois 
Electric  Railways  Assoc.)       (17)      Dec.  2. 

Headlights  :  A  Comprehensive  Survey  of  the  Practice  and  Theory  of  Illumination  as 
Applied  to  This  Phase  of  the  Subject.*  K.  W.  Mackall.  (Abstract  of  paper 
read    before    Central    Electric    Railway    Assoc.)       (17)      Dec.    2. 

Future  of  the  Street  Railway.  Edwin  F.  Jones.  (Paper  read  before  New  England 
Street  Railway  Club.)       (17)      Dec.  2. 

Cutting  Out  Journal  Troubles  on  an  Interurban  Road.*  A.  Blanchard.  (17) 
Dec.   9. 

Remodeling  a  Small  Railway  Power  Plant  (Holyoke  Street  Railway).*      (17)      Dec.  9. 

Some  Phases  of  the  One-Man  Car  Question.  C.  D.  Cass.  (Abstract  of  paper  read 
before  Illinois  Electric   Railway  Assoc.)      (17)      Dec.   9. 

Modern  Requirements  Fulfilled  by  One-Man  Cars.  C.  H.  Beck.  (Abstract  of  paper 
read  before   Illinois   Electric   Railway   Assoc.)       (17)      Dec.    9. 

Safety   Stop  for  Drawbridges   and  Grade  Crossings.*      J.   B.   Strauss.      (17)      Dec.   9. 

New  Derailing  Train  Stop  Tested  at  Boston.*      (17)      Dec.  9. 

Future  Rapid  Transit  System  of  Chicago.*  (13)  Dec.  14;  (17)  Dec.  9;  (86)  Dec.  20; 
(17)   Dec.  23. 

Equipment  Details  and  Design  of  the  New  Rochester  Car.*  E.  J.  Cook.  (17) 
Dec.   16. 

Regulating  Voltage  for  Car  Lighting.*      (17)      Dec.  16. 

Fundamentals  of  Traffic  Routing.  B.  J.  Arnold.  (From  Report  to  Rochester 
Chamber  of  Commerce.)       (17)      Dec.  16. 

Unified  Traction  Plan  for  Chicago  will  Pull  Out  Sides  of  Elevated  Loop.*  W.  B. 
Parsons,  Robert  Ridgway  and  B.  J.  Arnold.  (From  Report  to  Chicago  Traction 
and  Subway  Commission.)       (14)      Dec.  23. 

Cutting  Costs  in  Storage  Yards.*      R.  C.  Cram.      (17)      Dec.  23. 

New  Center  Cut  Method  Avoids  Vertical  Side  Face  in  Bad  Rock  on  New  York  Sub- 
way Work.      (14)      Dec.   23. 

Street-Railway  Track  Without  Spikes  or  Bolts.*      (13)      Dec.  28. 

Interesting  Applications  of  Circuit  Breakers  for  the  New  York  Municipal  Railway.* 
(17)      Dec.    30. 

Regulating  $5  313  000  000  of  Utilities  :  This  Description  of  the  Machinery  of  Pres- 
ent-Day  Regulation  Is  Based  on  the  Intricate  but  Smoothly  Running  Organiza- 
tion of  the  Public  Service  Commission  for  the  Second  District  of  New  York.* 
(17)      Dec.  30. 

Electric  Railway  Drawbridge  Safeguarding.      Frederick  W.  .Johnson.      (17)      Dec.  30. 

Convenient  Inspection  Record  System.*      A.  Blanchard.      (17)      Dec.  30. 

Handling  Traffic  at  the  National  Dairy  Show:  Methods  Employed  by  the  Springfield 
(Mass.)    Street  Railway.*      (17)      Dec.   30. 

"South  Station  Under"  of  Boston  Rapid-Transit  System  Has  Ample  Traffic  Facilities.* 
William  W.  Lewis.      (14)      Dec.  30. 

Roads  and  Pavements 

Future    of    Granite,    Macadam    and    Concrete    Roads.      H.    Percy    Boulnois.      (104) 

Nov.    17. 
Main    Road    Maintenance    in    Kent.      H.    T.    Chapman.      (From    Annual    Report    of 

County  Surveyor.)       (104)      Nov.  17. 

♦  Illustrated. 
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Roads  and  Pavements— (Continued). 

Maintenance    of    Macadam    Roads    with    Bituminous    Binders.*      Theron    M.    Ripley. 

(13)  Nov.    30. 

Banli  Street.  Ottawa,  Subway  Pavement.*      L.  McLaren  Hunter.      (96)      Nov.  30. 
Organization,  Scope  of  Work,   Methods  of  Operation  and  Control  of  the  Philadelphia 

Bureau    of    Highways    and    Street    Cleaning.*      William    C.    Greamy.      (2)      Dec. 
Convict  Labor  on   Highway  Construction   in   Arizona.      Lamar  Cobb.      (Prom   Report 

of   State  Engineer.)       (86)      Dec.   6. 
Cofivict   Labor   on    Road    Construction    in    Maine.      (From    Report   to    State  Highway 

Commission.)       (86)      Dec.    6. 
Detailed  Cost  of  Gravel  Road  Maintenance.      (From   Report  of  State  Highway   Com- 
mission  of  Maine.)       (86)      Dec.   6. 
Method  and  Cost  of  Grouting  Brick  Pavements.      (86)      Dec.  6. 
Motor  Truck  Traffic  on   New  York  Highways.      (86)      Dec.   6. 
Detailed    Cost    of    Bituminous    Surface    Treatment    Work    at    Philadelphia.*      (86) 

Dee.    6. 
Methods  and  Cost  of  Resurfacing  an  Old  Macadam  Road  With  Rock  Asphalt.*      (86) 

Dec.    6. 
Method   and   Cost   of  Filling   Joints   in   Bituminous   Surfaced   Concrete    Pavements   of 

San    Bernardino   County,    California.*      (86)      Dec.    6. 
Comparative  Analysis  of  Economic  Effect  of  Road   Improvements   in   Eight  Counties. 

J.    E.    Pennybacker    and    O.    Eldridge.      (From    Bulletin,    U.    S.    Department    of 

Agriculture.)       (86)      Dec.    6. 
Method   of   Grade   Calculations   for   Street   Intersections.*      R.    G.    McMullen.      (From 

Report  to  Department  of  Public  Works  of   Portland,   Ore.)       (86)      Dec.   6. 
Small   Hand   Oiler  for   Maintenance   Work.*      (86)      Dec.   6. 
Clinker  Mexphalte   Roads  and   Disposal   of  Refuse   Destructor  Clinker  at  Abertillery. 

Lionel  D.  Lewis.       (104)       Dec.  8. 
Avers  Chicago   Can   Improve  Its  Paving  Methods.      Ira  O.   Baker.      (From   Report  to 

City   Council.)       (14)      Dec.  9. 
Build  Monolithic  Brick  Road  on  One-Inch  Base.*      (14)      Dec.  9. 
Financing    of    County    Road     Systems.      (From    Annual    Report    of    Department    of 

Public    Highways    of   Ontario.)       (96)      Dec.    14. 
Vibrating  Concrete  Makes  Dense  Paving  Mixture.*      (13)      Dec.  14. 
Bank  Street    (Ottawa)    Bridge  Repaving.      L.  McLaren  Hunter.      (96)      Dec.   14. 
Coal  Tar  Road  Binder.*      (83)      Dec.   15. 
Changes    Suggested    in    TraflBc-Census    Forms :    Standards    of   Am.    Soc.    of   Municipal 

Improvements    Held    to    be    Unsuitable    for    City    Work.*      Daniel    B.    Goodsell. 

(14)  Dec.   16. 

How    to    Maintain    Concrete    Roads    and    Streets.      (From    Portland    Cement    Assoc.) 

(46)      Dec.  16. 
Equipment  Efficiency.      Pred  R.  Kanengliser.      (Paper  read  before  Institute  of  Paving 

Brick  Manufacturers.)       (76)      Dec.   19. 
Slides  in  a   Deep   Street  Cut.      (13)      Dec.   21. 
Road  Drainage  :  the  Importance  of  Proper  Foundations.      W.   P.  Childs,  Jr.      (From 

Cornell  Civil  Engineer.)      (19)      Dec.  23. 
Road  Resistance  Tested  by  Motor-Truck  Runs.*      A.  E.  Kennelly  and  O.   R.  Schurig. 

(From    Mass.    Institute    of    Technology    Bulletin    of    Research    Division.)       (14) 

Dec.  23  ;   (86)  Dec.  20. 
Cost     Records     of     Monolithic     Brick     Pavements.*      William     Robert     Paige.      (13) 

Dec.    28. 
Flushing    Streets    from    Trolley    Cars    at    Worcester,    Mass.*      (13)    Dec.    28;     (86) 

Dec.   6. 
Brick    Pavement   on    Two-Inch    Mortar    Base    Laid    for    $1.45%    Per    Square    Yard.* 

P.   E.   Green.      (14)      Dec.   30. 
Estimates   Expenditure  on   Lincoln  Highway  for   1916.      (14)      Dec.   30. 
Improvements   Made   in    Signposts    for   Roads.*      (4)      Dec.    30." 

Sanitation. 

Sewage    Disposal    at    Leeds :    Treatment    during    1915-16 :    Analyses    and    Working 

Costs.      George  A.  Hart.      (From  Report  of  Leeds  Sewerage  Committee.)       (104) 

Nov.   17. 
Heating    and    Ventilating    Dwelling    Houses.      C.    T.    Alfred    Hanssen.      (Paper    read 

before    Soc.   of   Engrs.)       (104)      Nov.    17. 
Is  the  Recovery  of  Nitrogen   in  Sewage  Sludge   Practicable?     William   R.   Copeland. 

(From  paper  read  before  Am.  Chemical  Soc.)       (104)      Nov.  24. 
Difficulties   in   Utilizing   By-Products   of   Sewage   Sludge.     George  W.    Fuller.      (104) 

Nov.   24. 
Imhoff    Tanks    and    Sprinkling    Filters,    Cleburne,    Tex.*      R.    E.    McDonnell.      (13) 

Nov.   30. 
First  Tile  Sewers  in  St.  Louis  Compared  to  Brick.*      Ben  Moreell.      (13)      Nov.   30. 
Chicago    Sewage    Treatment    and    Dilution.      (From    Report    to    Sanitary    District    of 

Chicago.)       (13)      Nov.   30. 
Mt.  Kisco  Sewage  Disposal  Plant.*      T.  D.  L.  Coffin  and  F.  E.  Hale.      (59)      Dec. 


Illustrated. 


January,  1917.1       CURRENT    ENGINEERING    LITERATURE  57 

Sanitation— (Continued  i. 

Tests  for  Bacilliis  Coli  as  an  Indicator  of  Water.      C.-E.  A.  Winslow.      (59)      Dec. 
Utilization  of  Ashbin  and  Other  Refuse  :  Cheap  Fuel  Briquettes.      Herbert  G.  Coales. 

(104)      Dec.    1. 
Street  Cleaning  with  Vacuum  Cleaners  at  St.  Louis,   Mo.      (86)      Dec.  6 
Cost    Data   on    Street   Cleaning    in    Philadelphia.    Pa.      William    H.    Connell.      (From 

Report  to  Bureau  of  Highways  and  Street  Cleaning.)       (86)      Dec.  6. 
Activated-Sludge    Results   at   Cleveland   Reviewed.*      R.   Winthrop    Pratt   and   George 

B.  Gascoigne.      (13)    Serial  beginning  Dec.   7. 
Plumbing  Equipment  in  Chicago  Apartments.*      (101)      Dec.  8. 

Work  of  the   County   Sanitary   Engineer.      L.   A.    Boulay.      (From   paper   read   before 

Ohio  Health  Officers  Conference.)       (86)      Dec.  13. 
Sewage    Disposal    Methods   of    16    Cities.      T.    D.    Allin    and    R.    V.    Orbison.      (From 

Report  to  Public  Works   Department.)       (86)      Dec.  13. 
Activated    Sludge   Process.       (From    Annual    Report   of   Manchester    (England)    Rivers 

Committee.)       (96)      Dec.    14. 
Detroit  Sewer   Construction    Severely   Criticized.      (Extracts    from    Report   to   Detroit 

Department  of  Public  Works.)       (13)      Dec.  14. 
Wayne    Sewage-Disposal    Works    After    Nine    Years'    Use.      G.    Everett    Hill.      (13) 

Dec.    21. 
Ventilating  a  Babbitt  Casting  Shop.*      (101)      Dec.  22. 
Disinfecting  Sewage  of  Vessels  and  Railway  Cars.*      (101)      Dec.   22. 
An     Experiment    in     Househeating    by     Electricity.*      Frederick     A.     Osborn.      (27) 

Dec.  23. 
Binghamton    Builds    Interceptor    with    Four    River    Crossings.*      A.    L.    La    Roche. 

(13)      Dec.   28. 
Intercepting  Traps  in  House  Drains.      Harry  Y.  Carson.      (From  Report  of  Research 

Committee,   American   Society  of   Sanitary   Engineering.)       (101)      Dec.   29. 

Structural. 

Pre'^ervation    of    Iron    and    Steel    by    Means    of    Passivifying    Factors.*      Thos.     G. 

Thompson.      (71a)      Vol.    7. 
Effects   of   Straining   Structural    Steel    and   Wrought   Iron.*      Henry   S.    Prichard,   M. 

Am.  See.  C.  E.      (54)      Vol.  80,  1&16. 
Failure  and   Righting   of   a   Million-Bushel   Grain   Elevator.*      Alexander  Allaire,    M. 

Am.  Soc.  C.  B.      (54)      Vol.  80,  1916. 
Method   of   Designing   a   Rectangular    Reinforced    Concrete   Flat    Slab,    Each    Side    of 

Which  Rests  on  Either  Rigid  or  Yielding  Supports.*      A.  C.  Janni,  M.  Am.   Soc. 

C.  E.      (54)      Vol.  80,  1916. 

Important  Piling  Timbers  of  Australia.     A.   K.  Armstrong.      (11)      Nov.   17. 

Fire  Prevention   and  Protection.     F.   H.  Wentworth.      (From  paper  read  before  Am. 

Foundrymen's   Assoc.)       (22)      Nov.   17. 
Torsion    of    Solid    and    Hollow    Prisms    and    Cylinders.*      Cyril    Batho.      (11)      Serial 

beginning    Nov.    24. 
Concrete  Floor  Falls  After  Early  Removal  of  Forms.*      (13)      Nov.   30. 
Modern   Manufacturing  of   Portland   Cement.*      George   P.   Dieckmann.      (67)      Dec. 
Large   Products   Plant   in    Successful   Operation   in   Chicago.*      (67)      Dec. 
Big  Sand  Conveying  Proposition.      (67)      Dec. 
Slab  Deflection  and  Subsidence  of  Column  Supports  in  a  Floor  Test  of  International 

Hall,    Chicago,    Made   September,    1913.      Henry   T.   Eddy.      (3)      Dec. 
Sand   and   Gravel    Deposits   of   the   Niles   Sand,    Gravel    and    Rock    Company.*      (67) 

Dec. 
Effect   of    Sulphur    in    Rivet    Steel.*      J.    S.    Unger.      (From    paper    read    before    Am. 

Boiler   Manufacturers'   Assoc.)       (25)      Dec. 
Stresses   in   Impact.*      Armin   Blmendorf.      (3)      Dec. 
Paint    for   Steel,    and    Iron    Structures.      (Abstract    from   Quarterly   Bulletin.)      (96) 

Dec.  7. 
Proposes    Complete    Specifications    for    the    Structural     Steel     Work     of     Buildings. 

R.    Fleming.      (14)      Dec.    9. 
Concrete    Construction    in    Winter.      (96)      Dec.    14. 
Grading    in    the    Cement,    Coal    and    Cork    Industries.*      Edward    S.    Wiard.      (105) 

Dec.   15. 
Figuring  Sizes  of  Roof  Leaders.*      A.  L.  H.      (101)      Dec.   15. 
Reinforced-Gypsum    Roof    Decks    a    Modern    Development    in    the    Structural    Field.* 

Virgil  G.   Marani.      (14)      Dec.  16. 
Special  Trusses  of  Rolled  Beams  Used  in  Walls  of  Sun  Ship-building  Plant.*      (14) 

Dec.    16. 
Testing  Clay  Properties.*      A.  F.  Greaves-Walker.      (76)      Serial  beginning  Dec.   19. 
Handling  Sand  and  Gravel  at  a  Cost  of  1.7  Ct.  per  Cubic  Yard.*      (86)      Dec.  20. 
Electric  Driven  Cement  Mill  of  Oregon  Portland  Cement  Co.*      D.  C.  Findlay.      (13) 

Dec.   21. 
Altering  the  Columns  in  a  21-Story  Skyscraper.*      (13)      Dec.   21. 
Concrete   Building   Balanced   on    Middle   Line   of   Columns.*      R.   C.   Hardman.      (13) 

Dec.   21. 

*  Illustrated. 
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Structural— (Continued). 

Metal  Shingles  and  Their  Application.*      J.  P.  H.      (101)      Serial  beginning  Dec.  22. 
The   Correction   of   Echoes   and    Reverberation    in    the   Auditorium   at   the    University 

of   Illinois.      (From   Bulletin,   Eng.    Experiment  Station,   University   of   Illinois.) 

(19)      Dec.    23. 
Bid  on  Concrete  Building  $67  000  Less  than  Steel.*      (14)      Dec.   23. 
Letters  on   Hydrated  Lime  Which  Won   Prizes  :   Cites  Advantages  of  Material  When 

Used    in    the   Construction    of    Bridges    and    of   a   Water-Filtration    Plant.      (14) 

Dec.    23. 
Reinforced-Gypsum    T -Beams  for  Roof  Decks  Cast  at  Site  and  Hoisted  Into  Place.* 

Wharton   Clay.      (14)      Dec.    23. 
llecommended    Specifications    for    Reinforced    Concrete    Design     (Issued    by    Portland 

Cement  Assoc).      (86)      Dec.  27. 
New  Type  of  Roof  Construction.*      (86)      Dec.   27. 

Construction   Features,    Plant   Layout,    Methods    and    Costs    of    Constructing   a   Rein- 
forced Concrete  Warehouse  at  Los  Angeles  Harbor,   Cal.*      W.   D.   Jones.      (86) 

Dec.   27. 
Potash    Becomes    a    Valuable    Cement-Mill    By-product.*      Arthur    C.    Hewitt.      (13) 

Dec.    28. 
Bottom  Driven  Concrete  Piles  on  Government  Job.      C.  S.  Howell.      (13)      Dee.   28. 
Group  of  Buildings  Designed  for  Maximum  Daylight  and  Transportation  Facilities.* 

(14)      Dec.    30. 
Water   the    Chief   Factor    in    the    Making   of   Good    Concrete.*      Nathan    C.    Johnson. 

(14)      Dec.   30. 
Unique  Concrete  Blocks  Built  by  Home-Made  Traveler.*      (14)      Dec.  30. 
Reinforced-Conerete  Garage  Has  Cantilever  Floors.*      (14)      Dec.  30. 
Making  Lime  from   Marble.*      (46)      Dec.   30. 
On    Stresses    in    Transparent    Materials    as    Revealed    by    Polarized    Light.      E.    G. 

Coker.      (From  Transactions  of  the  Optical  Soc.)       (19)      Dec.  30. 
Aciers  a  Outils,   Travaux   de  Chariotage   et  de  Fraisage,    Recherche  de   la  Meilleure 

Utilisation  des  Aciers  a   Outils.      P.   Denis.      (93)      May. 
Ueber    das     Rosten     der     Eiseneinlagen     im     Eisenbeton.      Bruno     Zschokke.      (107) 

June  10. 
Die     Beboachtungs-Station     des     Kinderspitals     Zurich.*      Rich.     v.     Muralt.      (107) 

June  10. 
Das  Oberengadiner  Kreisspital  in  Samaden.*      K.   Roller.      (107)      Dec.  2. 

Topographical. 

Dominion  Land  Survey  Monuments.*      H.  L.  Seymour.      (96)      Nov.  30. 
Bubble-Reading   Mirror   Proves    Source    of    Error   in    Leveling.*      George    Bevier,    Jr. 

(13)      Nov.  30. 
Tunnel  Surveying  by  String  Where  Transit  Failed.*     A.  L.  Plimpton.     (13)     Dec.  14. 
Surveying   for   the   Milwaukee    Intercepting    Sewers.*      Darwin    W.    Townsend.      (13) 

Dec.  28. 
Retracing  an  Old  Survey  to  Settle  Boundary  Dispute.*      (13)      Dec.   28. 
How   Charts   Are   Made.*      E.    Lester   Jones.      (From   Report  of   United    States   Coast 

and  Geodetic  Survey  to  Department  of  Commerce.)       (19)      Dec.  30. 

Water  Supply. 

Plow  of  Water  in  Irrigation  Channels.*      George  Henry  Ellis,  Assoc.  M.  Am.  Soc.  C.  B. 

(54)      Vol.  80,  1916. 
Water   Supplv    of   the    San    Francisco-Oakland    Metropolitan    District.*      H.    T.    Cory, 

M.  Am.  Soc.  C.  E.      (54)      Vol.  80,  1916. 
Automatic  Volumeter.*      E.  G.  Hopson.  M.  Am.  Soc.  C.  E.      (54)      Vol.  80,  191b. 
Induced  Currents  of  Fluids.*      F.  zur  Nedden.      (54)      Vol.  80,  1916. 
Study  of  the  Behavior  of  Rapid  Sand  Filters  Subjected  to  the  High-Velocity  Method 

of  Washing.*      Joseph  W.  Ellms,  M.  Am.  Soc.  C.  E.,  and  John  S.  Gettrust.      (54) 

Vol.  80,   1916.  „    ^       ,... 

Action  of  Water  Under  Dams.*      J.  B.   T.  Colman,   Assoc.  M.  Am.  Soc.   C.   E.      (54) 

Vol.  80,  1916.  ,,     . 

Economical  Top  Width  of  Non-Overflow  Dams.*      William   P.   Creager.   M.   Am.    Soc. 

C.  E.      (54)      Vol.  80,  1916.  ^      ^^     . 

Study   of   the   Depth   of   Annual    Evaporation    from    Lake   Conchos,    Mexico.*      Edwin 

Duryea,  Jr.,  M.  Am.  Soc.  C.  E.,  and  H.  L.  Haehl,  Assoc.  M.  Am.  Soc.  C.  E.      (54) 

Vol.  80,  1916. 
Water  Powers  of  Canada.      L.  O.  Armstrong.      (65)      Nov.  17. 
Drainage  Equipment  for  the  Hudson  River  Syphon  of  the  Catskill  Aqueduct.*      (12) 

Nov.    24. 
Steel    Pipe   Conduit    at   Loch   Raven,    Md.      Ezra   B.   Whitman.      (Abstract    of    article 

from  Cornell  Civil  Engineer.)       (96)      Nov.  30. 
Repair   of   the  Tres   Cruces   Dam,    Cavite   Province,    P.    I.*      C.    R.    Bennett.      (From 

Quarterly  Bulletin,  Bureau  of  Public  Works,  Philippine  Islands.)     (13)     Nov.  30. 
Report    on    Filtration    for    Calgary.*      George    W.    Craig.      (From    Report    to    City 

Council.)      (96)      Nov.  30. 
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Water  Supply— (Continued). 

Velocity  Coefficients  for  a  Dredged  Drainage  Canal.*     Paul  V.  Hodges.     (13)     Nov.  30. 
Booster  Pumping  Station  for  Water-Supply  to  a  Suburb.      (13)      Nov.  30. 
Engineers  Condemn  Montreal's  Municipal  Power  Plant.*      (13)      Nov.  30. 
Discussion  of  Private  Fire  Services.      (59)      Dec. 
Freezing  of  Water  in  Subaqueous  Mains  Laid  in  Salt  Water  and  in  Mains  and  Services 

Laid  on  Land.      William  W.  Brush.      (59)      Dec. 
Experience  with  Leadite  in  Jointing  Cement-Lined  Water  Pipe.      W.  H.  Buck.      (59) 

Dec. 
A  Comparison  of  "Temporary  Hardness"  with  Alkalinity  in  Natural  Waters.      A.   M. 

Bushwell.      (59)      Dec. 
Some  Problems  of  the  State  Water  Laboratory.      L.  H.  Van  Buskirk.      (59)      Dec. 
Recovery  of  Spent  Lime  at  the  Columbus  Water  Softening  and  Purification  Works.* 

Charles  P.  Hoover.      (59)      Dec. 
Woocjstock  Waterworks.*      R.  O.  Wynne-Roberts.      (59)      Dec. 

A  New  Raw  Water  Supply  for  the  City  of  McKeesport,  Pa.      E.  C.  Trax.      (59)      Dec. 
London    Water.      A.    C.    Houston.      (From    Report    to    Metropolitan    Water    Board.) 

(104)      Dec.  1. 
Use   and   Waste    of   Water:    Calcutta's    High    Consumption.     G.    B.    William.      (104) 
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Synopsis. 

This  ]mper  describes  the  construction  of  the  Rogers  Pass  Tunnel, 
on  the  Canadian  Pacific  Railway,  through  the  Selkirk  Range,  in 
British  Columbia. 

The  principal  feature  of  the  paper  is  the  description  of  the  pioneer, 
or  auxiliary  heading,  method  of  construction,  by  which:  adequate 
ventilation  of  the  headings  was  secured;  the  removal  of  the  muck 
was  facilitated;  the  water,  air,  and  ventilation  pipes  were  not  subject 
to  disturbance;  it  was  possible  to  expedite  the  work  of  enlargement 
of  the  main  heading;  a  route  for  men,  tools,  and  materials  was  pro- 
vided; and  the  ventilation  pipes  were  carried  around  the  drilling, 
blasting,  and  mucking  operations  in  the  main  tunnel,  thus  preventing 
delays  due  to  gas  and  smoke.  The  "pioneer  heading"  appears  to  have 
justified  its  use  for  this  tunnel. 


The  Rogers  Pass  Tunnel  is  a  double-track  tunnel,  slightly  more 
than  5  miles  long,  being  part  of  a  local  improvement,  about  10  miles 
long,  of  the  Canadian  Pacific  Railway  Company's  main  line  through 
the  Selkirk  Range,  in  British  Columbia.  The  map  and  profile  are 
shown  on  Fig.  1. 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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The  writer  visited  the  site  of  this  tunnel  in  the  fall  of  1912,  at 
the  request  of  the  vice-president  of  the  Canadian  Pacific  Railway, 
reported  favorably  on  the  economics  of  the  proposed  improvement,  and 
suggested  to  the  chief  engineer  that  a  line  be  tried  locating  the  east 
portal  in  Bear  Creek  Valley,  instead  of  Beaver  Creek  Valley,  as  then 
proposed.  This  line  was  located  and  adopted  between  the  time  of 
asking  for  bids  and  of  letting  the  contract. 

The  late  V.  G.  Bogue,  M.  Am.  Soc.  C.  E.,  reported  favorably  on 
this  tunnel  improvement  in  connection  with  a  very  able  and  thorough 
report  to  the  Canadian  Pacific  Railway  on  improvements  to  its  lines 
from  Calgary  to  Vancouver,  surveys  and  studies  for  which  were  then 
being  made  by  Mr.  F.  F.  Busteed. 

The  writer,  knowing  that  the  time  of  construction  of  this  tunnel 
would  weigh  heavily  with  the  Railway  Company  in  considering  bids, 
gave  considerable  thought  to  devising  some  quick  method  of  con- 
struction. The  usual  American  method  of  driving  a  top  heading 
and  taking  out  the  bench  with  a  power  shovel  was  obviously  too  slow, 
and  the  ventilation  would  be  too  difficult,  for  a  tunnel  of  this  length. 
The  European  method,  of  a  bottom  heading  and  stoping  out  the  rest 
of  the  section,  would  be  too  expensive,  under  existing  labor  costs. 
Shafts  or  adits  were  impracticable.  It  was  finally  concluded  that  a 
working  tunnel  or  "Pioneer  Heading"  entirely  outside  of  the  regular 
tvinnel  section  would  be  economically  justified,  under  the  existing 
conditions,  for  the  following  reasons : 

1. — The  pioneer  heading  would  serve  as  an  intake  for  forced 
circulation  of  fresh  air  through  the  cross-cuts  and  out  of 
the  main  tunnel,  enabling  the  work  to  be  resumed  immediately 
after  blasting  the  main  tunnel  enlargement. 

2. — It  would  serve  to  take  muck  from  the  headings  around  the 
drillers,  blasters,  and  from  shovel  operations  in  the  enlarge- 
ment of  the  main  tunnel. 

3. — It  would  serve  to  conduct  water,  air,  and  ventilation  pipe  lines 
to  the  headings,  so  as  to  be  undisturbed  by  the  enlargement 
workings. 

4. — It  would  make  it  jjossible  to  drill  the  main  heading  for 
enlargement  far  ahead  of,  and  without  interference  from  or 
with,  the  main  tunnel  blasting  or  mucking  for  enlargement. 
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5. — It  would  supply  a  route  for  men,  tools,  and  materials  to  pass 
to  and  from  the  headings  and  enlargement  drilling  at  all 
times. 

6. — It  would  carry  the  ventilation  pipe  around  the  main  tunnel 
enlargement  drilling,  blasting,  and  mucking  operations,  so 
that  the  gas  and  smoke  from  the  heading  operations  would 
not  foul  the  enlargement  operations. 

It  was  thus  possible  to  keep  the  heading  progress,  enlargement 
drilling,  enlargement  blasting,  and  mucking  going  continuously,  with- 
out any  interference  with  one  another  whatever.  Fig.  2  shows  the 
relative  location  of  these  different  operations. 

Bids  were  asked  for  this  tunnel  work  early  in  1913,  and  the  con- 
tract was  lef  to  Foley  Brothers,  Welch  and  Stewart,  Railway  Con- 
tractors, in  June,  1913.  This  firm  was  not  the  lowest  bidder,  but 
undertook  to  do  the  work  more  quickly  than  other  firms,  its  estimate 
being  based  on  the  proposed  pioneer  method,  Mr.  Stewart,  of  the  con- 
tracting firm,  and  John  G.  Sullivan,  M.  Am.  Soc.  C.  E.,  Chief  Engineer 
of  the  Canadian  Pacific  Railway,  being  willing  to  take  the  risk  of 
this  untried  method.  The  first  study  contemplated  a  top  heading,  but, 
at  Mr.  Sullivan's  suggestion,  this  was  changed  to  a  location  midway 
in  the  full  section,  so  that  the  heading  could  be  made  smaller  and 
still  permit  holes  to  be  drilled  far  enough  to  break  to  the  full  section; 
otherwise,  the  work  has  been  done  as  planned  by  the  writer,  and  under 
his  superintendence. 

General  Conditions. — The  Selkirk  Mountains  in  the  vicinity  of 
Rogers  Pass  are  very  rough,  and  are  heavily  timbered,  except  where 
the  numerous  snowslides  occur.  The  rainfall  is  very  heavy,  and  the 
snowfall  is  from  30  to  50  ft.  The  minimum  temperature  since  work 
started  has  been  —  32°  Fahr.,  at  an  elevation  of  3  800  ft. 

Geology. 

The  approximate  contact  between  the  Ross  and  Sir  Donald  Series, 
as  named  by  the  Dominion  Geological  Survey,  is  shown  in  Fig.  1. 
The  axis  of  this  syncline  is  west  of  the  West  Portal,  and  the  tunnel 
is  through  the  eastern  limb.  The  tunnel,  except  for  1  200  ft.  of  the 
east  end  and  400  ft.  of  the  west  end,  is  all  in  solid  rock,  classified 
as  quartzite  in  the  geological  reports,  but  consisting  largely  of  schists. 
The  rocks  contain  no  fossils,  and  cannot  be  assigned  definitely  to  any 
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period,  but  appear  to  overlie  the  Upper  Cambrian.  The  pitch  is  rather 
steeply  to  the  west  at  both  ends,  and  about  level  or  pitching  slightly 
to  the  east  in  places  near  the  center  of  the  tunnel.  The  strike  i& 
about  60°  from  the  terminal  axis.  There  are  also  many  local  irregu- 
larities and  some  faulting.  None  of  the  rock  was  timbered,  except 
where  broken  up  by  fa\ilting.  Much  of  the  tunnel  that  is  in  hard 
rock  has  slips,  some  of  them  clayey  and  talcy,  which  make  the  roof 
unsafe  when  weathered,  and  will  require  concreting.  There  was  little 
water,  owing  to  the  fact  that  cracks  which  carried  water  formerly  had 
become  filled  with  quartz.  The  rock  temperatures  did  not  exceed 
75  degrees.  "Popping"  was  observed  in  the  quartzite;  that  is,  pieces 
of  rock  from  the  roof  and  sides,  not  shaken  by  blasting,  would  fly  off 
with  a  loud  report.    This  has  always  stopped  after  a  few  weeks  exposure 

to  the  air. 

Preliminary  Work. 

On  the  east  side  it  was  necessary  to  build  3  miles  of  temporary,, 
heavy,  side-hill  railway  to  reach  the  camp  site,  and  take  out  a  rather 
heavy  approach  cut,  before  tunneling  could  be  started.  The  approach 
cut  was  advanced  sufficiently  to  start  one  wall-plate  drift  in  Janixary,^ 
and  the  other  in  February,  1914,  the  cut  being  finished  in  July. 

On  the  west  side  about  1^  miles  of  temporary  railway  had  to  be 
built,  and  the  same  quantity  of  stream  diversion,  before  the  approach 
cut  could  be  started.  One  85-ton  and  one  100-ton  shovel  were  worked 
both  day  and  night  in  this  approach  cut,  from  December,  1913,  until 
the  finish,  in  June,  1914,  when  the  tunnel  drifts  were  started. 

Camps. — The  camps  were  built  as  soon  as  the  track  reached  the 
respective  sites,  being  finished  about  the  end  of  1913.  They  provided 
room  for  500  men  at  each  end,  and  were  comfortable  and  sanitary. 
Hot  and  cold  water,  steam  heat,  sewerage,  electric  light,  and  good 
ventilation  were  provided. 

Plant. — There  was  a  power  plant  at  each  end,  with  five  150-h.  p. 
boilers,  equipped  with  special  grates  and  induced  draft,  so  that  slack 
coal  could  be  used  for  fuel.  The  boilers  were  run  generally  much 
beyond  their  nominal  rating. 

Each  end  had  a  capacity  of  about  4  000  cu.  ft.  of  low-pressure  air, 
that  is,  air  at  from  100  to  125  lb.  at  the  compressor,  with  from  90  to 
100  lb.  at  the  drills,  and  a  capacity  of  1  500  cu.  ft.  of  high-pressure 
air,  that  is,  from  1  000  to  1 100  lb.  pressure  at  the  compressors,  and 
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from  800  to  900  lb.  pressure  at  the  charging  stations.  Ingersoll-Rand 
compressors  were  used,  two-stage  for  low  and  four-stage  for  high 
pressure,  with  inter-coolers.  The  steam  ends  were  compound  condens- 
ing. The  compressed  air  passed  through  an  efficient  after-cooler,  so 
that  little  trouble  was  caused  by  the  freezing  of  moisture  in  the  com- 
pressed air  when  exhausted  by  drills,  pumps,  and  blowers.  The  plant 
was  properly  put  in  and  properly  looked  after,  and  caused  practically 

no  delay. 

Earth  Section  at  East  End. 

There  are  1  200  ft.  of  glacial  drift  at  the  east  end  of  the  tunnel. 
This  material  carries  considerable  water,  due  to  seepage  from  the  side 
of  the  mountain  on  one  hand  and  Bear  Creek  on  the  other,  the  tunnel 
being  below  the  creek  level.  The  material  was  hard  and  compact  when 
first  opened,  but  ran  when  worked  up  or  exposed  to  the  air. 

Wall-plate  drifts  (see  Fig.  3)  were  started  in  January  and  February, 
1914,  as  soon  as  the  approach  cut  was  down  to  the  wall-plate  grade, 
and  finished  to  rock  in  July.  From  these  drifts  a  stope  was  started 
in  March,  and  segment  timbers  were  placed  for  about  100  ft.  Owing 
to  a  change  of  plan  by  the  Railway  Company,  this  segment  timber 
had  to  be  removed  and  rebuilt  to  a  larger  section,  so  that  stoping 
and  timbering  ahead  of  this  point  could  not  be  resumed  until  June. 
The  timbering  from  the  wall-plate  up  was  completed  in  October.  A 
locomotive  crane  was  found  very  useful  for  taking  the  timber  and 
other  material  from  the  framing  yard  and  delivering  it  in  the  wall- 
plate  drifts.  After  the  wall-plate  drifts  met  the  main  heading,  in 
July,  the  material  from  the  break-ups  or  stopes  was  hauled  to  the  first 
cross-cut  and  out  of  the  pioneer  heading,  so  that  it  would  not  interfere 
with  the  timbering.  Previous  to  that  time  it  was  dumped  at  the  portal 
and  reloaded  by  the  steam  shovel,  together  with  the  material  of  the 
approach  cut.  The  material  from  the  break-ups  was  passed  down 
through  a  chute  into  the  small  tunnel  cars.  Considerable  turning  and 
crushing  of  the  wall-plate  occurred,  necessitating  a  great  deal  of  prop- 
ping of  the  segments. 

In  August,  the  steam  shovel,  having  finished  the  approach  cut, 
started  on  the  tunnel  excavation,  being  operated  by  compressed  air. 
During  the  day  shift,  the  wall-plate  was  supported  on  temporary  batter 
posts  as  the  shovel  progressed,  and  the  night  shift  straightened  the 
sides  and  set  the  plumb  posts  and  lagging.     During  the  night  shift, 
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tJie  locomotive  crane  delivered  the  material  required  for  the  segment 
timbering  the  next  day.  After  being  impressed  by  the  crushing  of 
the  wall-plate  and  segment  timbers,  it  was  with  considerable  anxiety 
that  the  undermining  of  the  wall-plate  witli  the  power  shovel  was 
attempted.  The  characteristic  of  the  ground,  of  remaining  firm  for 
a  short  time  after  being  opened  up,  was  encouraging.  As  it  turned 
out,  the  fear  of  loosening  part  of  the  tunnel  by  the  side  sliding  in, 
while  the  wall-plate  was  carried  on  batter  posts,  was  groundless.  There 
was  no  settlement  of  the  wall-plate  of  more  than  1  in.,  and  the  work 
v/as  hastened  and  cheapened  by  this  method  much  more  than  by 
driving  drifts  to  place  posts  before  excavating  the  core  of  the  tunnel. 
The  excavation  of  this  earth  section  was  finished  in  December,  1914. 

Eaktii  Section  at  West  End. 

There  were  about  400  ft.  of  soft  ground  at  the  west  end.  The  west 
portal  was  under  a  swamp,  difficult  to  drain,  and  at  the  intersection 
of  two  creeks  which  have  both  been  diverted;  but  this  soft  ground 
section  was  at  all  times  saturated  with  water,  in  spite  of  efforts  at 
surface  draining.  The  material  was  very  fine  sand  and  clay,  with 
large  boulders,  and  closely  resembled  quicksand  or  wet  concrete.  One 
boulder  was  large  enough  to  drive  the  crown  drift  through.  The  cracks 
between  the  breast  boards  or  poling  had  to  be  stopped  with  hay  in 
order  to  prevent  the  material  from  running  into  the  heading.  This 
material  was,  very  heavy,  and  the  small  drifts  had  to  have  sets  about 
2  ft.  apart,  and  additional  posts  under  many  of  the  caps.  Boulders 
near  the  sides  were  jacked  back  into  the  quicksand  in  order  to  clear 
the  timbers.  The  method  of  opening  up  this  end  was  entirely  different 
from  that  at  the  east  end,  as  shown  by  Fig.  3.  The  bottom  heading 
of  the  drifts  for  the  plumb  posts  was  started  first,  with  a  view  to 
drainage,  and  was  followed  closely  by  the  top  heading.  The  muck 
from  the  top  heading  was  trapped  into  cars  in  the  bottom  heading. 

The  crown  drift  was  driven  about  even  with  the  top  heading  of 
the  plumb-post  drifts,  and  seemed  to  be  the  most  difficult  of  all  to 
hold,  due  to  the  disturbance  of  the  ground  by  the  other  drifts.  When 
the  plumb-post  drifts  had  been  driven  to  where  the  rock  reached  the 
level  of  the  top  of  the  plumb  posts,  the  latter  were  discontinued  and 
replaced  for  the  remainder  of  the  distance  by  wall-plate  drifts,  from 
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which  a  cross-cut  was  made  to  the  main  heading  when  the  full  rock 
section  was  reached. 

After  the  plumb-post  drifts  were  finished,  the  plumb  posts,  being 
double  12  by  16-in.  timbers,  were  all  set  and  thoroughly  blocked  against 
the  timbering  in  the  drifts,  and  the  wall-plate  was  set  on  the  rock 
beyond  the  posts.  A  break-out  was  started  in  the  sides  of  the  crown 
drift,  about  100  ft.  from  the  portal,  and  the  timber  segments  were 
put  in,  working  both  ways  from  this  break-out.  The  muck  from  break- 
outs was  used  to  back-fill  the  post  drifts.  The  posts  and  segments 
were  set  leaning  away  from  the  portal,  and  iron  bars  were  spiked  on 
the  segments  in  order  to  resist  the  thrust  of  the  material  toward  the 
portal.  Other  break-outs  were  started  farther  in,  and  segments  were 
set  under  the  crown  bars,  trued  up,  and  packed  thoroughly  by  timber 
between  the  segments  and  the  timber  supports  of  the  outside  segments. 
No  wall-plates  were  used,  and  the  segments  were  generally  32  in. 
thick.  Work  in  this  soft  ground  section  was  very  slow  and  expensive. 
The  time  required  for  the  400  ft.  was  from  June,  1914,  to  February, 
1915.  The  excavation  with  the  power  shovel  followed  the  timbering 
operations.  There  was  some  uncertainty  as  to  whether  or  not  bracing 
would  be  necessary  to  prevent  the  side  pressure  on  the  plumb  posts 
from  shoving  them  in  after  the  excavation  had  removed  the  earth 
resistance  on  the  tunnel  side  of  these  posts;  but  no  movement  occurred, 
and  no  bracing  was  needed.    The  material  sets  or  hardens  when  drained. 

East  Pioneer  Heading. 

The  east  pioneer  heading  was  started  in  September,  1913,  about 
50  ft.  north  of  the  main  tunnel,  700  ft.  west  of  the  east  portal,  and 
about  60  ft.  above  the  main  tunnel  level.  This  location  was  adopted 
in  order  to  save  700  ft.  of  pioneer  tunneling,  to  reduce  the  quantity 
of  soft  ground  heading,  to  enable  work  on  the  heading  to  start  sooner 
than  that  on  the  approach  cut,  and  to  get  rid  of  the  muck  readily. 
The  power  was  furnished  by  the  temporary  erection  of  an  old  com- 
pressor along  the  Canadian  Pacific  Kailway  track  above  and  a  pipe 
line  down  the  hill  to  the  work.  This  heading  was  run  as  nearly  level 
as  drainage  would  permit.  The  grade  of  the  main  heading  reached 
the  grade  of  the  pioneer  at  the  third  cross-cut,  the  two  former  cross- 
cuts being  driven  to  the  dip,  and  material  from  the  main  heading  being 
hoisted  up  the  incline.    The  heading  reached  solid  rock  about  600  ft.  in, 
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at  which  point  the  first  inclined  cross-cut  was  started,  at  about  the 
beginning  of  1914.  The  pioneer  tunnel,  in  rock,  was  driven  about 
2  miles  in  1^  years.  The  maximum  monthly  progress  was  776  ft. 
The  daily  average  was  20  ft.  for  the  entire  drift  in  rock. 

West  Pioneer  Tunnel. 

The  west  pioneer  heading  was  started  by  an  incline,  300  ft.  long, 
from  the  rock  outcrop,  700  ft.  east  of  the  west  portal,  about  150  ft. 
above  the  main  heading  level,  and  50  ft.  south  of  the  main  tunnel  line. 
This  location  was  selected  in  order  to  provide  dumping  ground,  shorten 
the  length  of  heading  to  be  driven,  avoid  soft  ground  tunneling,  and 
permit  an  earlier  beginning  than  by  waiting  for  the  approach  cut 
excavation.  This  incline  was  very  wet  and  took  2  months  to  drive, 
heing  finished  in  the  latter  part  of  July,  1914.  This  pioneer  tunnel 
was  driven  for  a  length  of  more  than  li  miles  in  less  than  a  year,  the 
maximum  monthly  progress  being  932  ft.,  which  is  far  beyond  any 
previous  American  record  known  to  the  writer.  The  daily  average 
of  24  ft.  for  nearly  a  year,  largely  through  very  hard  quartzite  is 
also  unusual. 

Pioneer  Headings  in  General. 

The  pioneer  tunnel,  in  rock,  was  7  ft.  high  and  8  ft.  wide.  It  was 
driven  with  light  hammer  drills,  using  hollow  steel,  with  water  attach- 
ments. Three  drills,  in  general,  but  four  in  the  hardest  rock,  were 
used  in  a  heading.  Spare  drill  machines,  for  the  replacement  of  drills 
out  of  order,  were  kept  conveniently  at  hand  in  the  heading.  No  repairs 
were  made  under  ground.  The  hammer  drills  are  convenient  and 
rapid,  the  delay  and  expense  of  their  constant  breakage  perhaps  balanc- 
ing the  advantage  of  speed  under  ordinary  conditions.  The  drills 
are  mounted  on  a  light  horizontal  bar,  about  18  in.  below  the  roof 
line.  Air  and  water  are  taken  over  the  muck  pile,  or  on  hooks  in  the 
side,  by  a  single  hose  line  for  each,  to  a  manifold  from  which  short 
individual  hose  lines  supply  the  drills. 

Tiight  cars  (i  cu.  yd.)  were  used  for  muck,  and  the  latter  was 
taken  off  the  track,  instead  of  building  sidings  for  this  purpose.  Shov- 
eling plates  were  used  at  the  face  and  on  the  side  away  from  the  track 
for  some  distance  back  of  the  face,  in  order  to  facilitate  the  handling 
of  empty  muck  cars.  The  ventilating  pipe  was  a  12-in.  wooden  water 
pipe    connected    to    the    Connersville   blowers    used    for    the    exhaust. 


14  CONSTRUCTION  METHODS  FOR  ROGERS  PASS  TUNNEL     li*apcis. 

This  pipe  was  hung  on  the  side  away  from  the  track,  close  up  to  the  roof 
and  was  carried  to  within  20  ft.  of  the  face.  Little  damage  was  done 
to  this  pipe  by  blasting.  The  blowers  were  started  exhausting  when 
the  first  shot  was  fired,  or  a  little  before,  and  were  run  for  20  min. 
The  men  got  back  to  work  in  from  5  to  10  min.  l^o  compressed  air 
was  allowed  to  be  blown  out  for  ventilating  purposes.  After  a  round 
was  shot,  the  drillers  followed  the  smoke  back,  barring  down  the  roof, 
bringing  explosives  to  re-shoot,  and  wetting  down  the  muck  pile,  sides, 
roof,  and  face  with  water  hose.  The  muckers  cleared  the  track  and 
began  loading  the  muck  which  was  ^icattered  back. 

When  no  further  blasting  was  required,  the  lights  were  hung, 
the  foreman  sighted  the  line  and  grade  point  in  the  face,  and  the 
drilling  gang  set  up  the  horizontal  bar,  placed  their  drills  and  pro- 
ceeded. There  was  rarely  any  muck  to  be  handled  before  the  drilling 
could  be  started,  as  it  was  thrown  back  from  the  face  by  the  heavj' 
loading  in  the  bottom  holes  and  the  fact  that  they  were  shot  last, 
for  this  purpose.  There  were  two  helpers  to  three  drills,  and  they 
brought  up  and  changed  the  steel  and  adjusted  the  drill  machines. 
When  the  drilling  from  the  upper  set-up  was  completed,  the  drillers 
took  down  the  machines  and  carried  them  back,  with  the  hose  con- 
nections still  attached,  and  oiled  them  up.  After  the  mucking  was 
done,  the  bar  was  dropped  to  the  lower  set-up,  near  the  floor,  and  the 
drills  were  set  to  drill  the  bottom  holes  or  lifters.  The  drills  were 
carried  forward,  put  on  the  bar,  and  were  drilling  sometimes  in  less 
than  2  min.  after  the  bar  was  dropped.  While  the  bottom  holes  were 
being  drilled,  the  muckers  laid  the  track,  adjusted  and  covered  the 
mucking  sheets  with  muck,  and  brought  up  the  explosives.  The  holes 
were  loaded  by  the  machine  men,  helpers,  and  foremen. 

For  the  small  part  of  the  tunnel  where  re-shooting  was  not  neces- 
sary, an  8-hour  shift  could  do  two  rounds  per  shift,  or  a  little  better. 
Two  men  pick  dovpn  the  muck,  and  three  men  load  the  car  and  push 
it  out,  while  three  others  stand  by  with  an  empty  car,  ready  to  jjut 
it  on  the  track  and  load  it.  The  three  men  taking  out  the  loaded 
car  return  near  the  face  with  an  empty  car,  take  it  off  the  track, 
and  rest  until  the  load  comes  out.  The  men  get  a  rest  from  the 
monotony  of  steady  continuous  shoveling,  and  the  empty  car  is  avail- 
able at  once  after  the  load  goes  back.     The  pipes  for  ventilating,  and 
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Fig.  4. — Beginning  Drilling  from  Upper  Set-up  of  Bar  in  the  Pioneer  Heading. 


Fig.  5. — Main  Heading,  Showing  Enlargement  Drilling. 
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for  air  and  water  were  laid  by  a  pipe  man  and  helper,  who  looked  after 
several  headings. 

Doing  this  work  with  muckers  was  unsatisfactory.  Muck  cars 
were  taken  from  the  heading  back  to  a  siding  by  a  single  mule,  and 
from  there  to  the  dump  by  a  two-  or  three-mule  team  driven  tandem, 
until  this  method  became  inadequate,  and  then  compressed-air  loco- 
motive haulage  was  substituted  for  the  long  haul.  The  heading 
muck  cars,  after  the  shovel  and  switching  track  had  cleared  a  cross- 
cut, were  taken  to  the  cross-cut,  pulled  up  an  inclined  trestle  by  air 
hoist  and  cable,  and  dumped  into  standard-gauge  cars,  as  shown 
by  Fig.  2.  The  cross-cuts  are  from  1  500  to  2  000  ft.  apart,  as  shown 
by  Fig.  6.  Air  pressure  was  maintained  at  about  90  lb.  at  the  drills, 
which  required  125  lb.  at  the  compressors  toward  the  end  of  the 
work. 

The  roimds  were  usually  6  ft.  The  cut  holes  were  generally  shot 
once  or  twice,  and  the  remainder  of  the  cut  was  shot  with  the  rest 
of  the  round.  All  shboting  in  headings  was  done  with  fuse.  The 
explosives  used  were  40  and  60%,  low-freezing  gelatine,  with  No.  8 
caps.  The  rock  was  hard  to  break,  and  the  quantity  of  explosives 
was  necessarily  high.  From  21  to  28  holes  were  drilled  in  the  pioneer 
face.  Change  of  shifts  was  made  at  the  heading,  the  shift  coming 
on  taking  the  tools  out  of  the  hands  of  the  shift  finishing.  Three 
shifts  a  day  were  worked  every  day  in  the  year,  except  for  one  day 
at  the  east  end,  due  to  the  burning  ef  the  fan  house,  and  one  day 
due  to  the  breaking  of  the  air  main  by  a  snowslide.  The  pioneer 
gang  drove  the  cross-cuts  between  the  pioneer  and  the  main  tunnel 
heading.  The  pioneer  tunnel  was  not  driven  for  the  last  mile,  con- 
nection being  made  by  the  main  heading  only,  which  was  all  drilled 
up  for  enlargement  before  the  enlargement  blasting  reached  this 
section.  The  main  heading  work  had  to  be  completed  before  the 
enlargement  blasting  and  mucking  reached  the  last  cross-cut,  as  it 
would  have  been  impossible  to  maintain  the  air  connections,  or  ven- 
tilate the  main  heading,  after  that  time,  so  as  to  allow  continuous 

work. 

Main  Heading. 

The  main  heading,  generally  known  on  the  work  as  the  "Center 
Heading",  was  entirely  through  the  rock  section.  It  was  11  ft.  wide 
and  9  ft.  high,  the  center  line  being  the  same  as  that  of  the  com- 
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pleted  tunnel  and  the  bottom  being  6  ft.  above  the  sub-grade.  The 
position  and  size  were  such  that  lateral  holes  could  be  drilled  from  this 
heading  to  break  the  enlargement  to  the  required  dimensions.  The 
air,  water,  and  ventilating  pipes  for  this  heading  were  branches  from 
the  mains  laid  in  the  pioneer  heading.  Access  to  this  heading  was 
obtained  through  the  cross-cuts  from  the  pioneer,  and  muck  was 
handled  around  the  enlargement  operations  by  the  pioneer  route. 
This  heading  was  generally  driven  in  a  westward  direction,  on  account 
of  the  drainage.  The  system  of  driving  was  similar  to  that  in  the 
pioneer.  The  rounds  averaged  about  7  ft.,  and  32  holes  were  drilled 
in  the  hardest  rock.  The  main  heading  was  sometimes  driven  from 
several  faces.  The  progress  is  shown  by  Fig.  6.  The  average  dail.y 
progress  per  heading  at  the  east  end  was  slightly  more  than  16  ft., 
and  the  maximum  monthly  progress  was  G21  ft.  The  average  daily 
progress  per  heading  at  the  west  end  was  20  ft.;  the  maximum  monthly 
progress  was  762  ft. 

Headings  in  General. 

The  headings  were  sublet  at  a  price  per  foot  and  a  bonus  for  more 
than  450  ft.  per  month,  the  sub-contractor  furnishing  the  labor  and 
explosives  only.  This  arrangement  proved  unsatisfactory,  and  was 
discontinued  in  September,  1914.  After  this  time  a  substantial  bonus, 
based  on  the  monthly  footage  and  equated  for  hard  rock,  was  given, 
and  divided  among  all  men  directly  connected  with  the  heading  driving, 
in  proportion  to  their  regular  wages  earned  for  the  month.  It  was 
fig  reed  that  the  rate  of  bonus  would  not  be  reduced.  The  latter 
arrangement  resulted  in  23%  greater  speed,  and  a  large  saving  in 
compressed  air  and  other  items  furnished  to  the  sub-contractor  tmder 
the  former  arrangement. 

Enlargement. 

Drilliny. — The  enlargement  drilling,  after  some  experimenting,  was 
done  as  shown  by  Figs.  2  and  7.  Each  hole  was  pointed  by  clinometer, 
the  column  carrying  the  drill  being  set  always  at  the  same  distance 
off  the  center  line,  and  the  arm  for  the  lower  and  upper  sets 
being  always  the  same  distance  above  the  sub-grade.  Line  and 
levels  were  furnished  by  the  Railway  Company's  engineers,  and 
a  string  was  stretched  by  which  the  columns  and  arms  were  located. 
Each    drill    hole   had   its   proper   distance   from   the   arm.      The    drill 
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ROGERS  PASS  TUNNEL 

HALF  SECTION  OF  MAIN  TUNNEL 
AND  CENTER  HEADING,   SHOWING  COLUMN 
AND  DRILL  SETTING,    FOR  RING  DRILLING. 


Note:  Columns  and  Arms  are  to  bo  set  as 
shown,  by  meaaurementa  from 
Engineer's  Linee.  E&«h  hole  to  be 
pointed  by  uainj  Clinometer  Board, 
\       and  Ungtb  of  Steel  shown  to  be  fully 
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holes  were  thus  bottomed  at  a  regular  distance  beyond  the  neat  line 
of  the  completed  excavation.  The  holes,  being  bottomed  with  reference 
to  the  line  and  grades  given  by  the  engineers,  were  not  affected  by 
irregularities  in  the  heading  driving.  The  columns  were  set  by  men 
for  that  purpose,  so  that  the  drillers  and  helpers  had  only  to  do  the 
drilling.  The  drill  steel  was  brought  to  the  drillers,  and  the  dull 
steel  was  taken  away.  The  drillers  and  helpers  were  paid  their 
wages  in  any  event,  but  the  footage  for  each  man  was  kept,  and  if 
the  price  set  per  foot  drilled  amounted  to  more  than  his  wages,  he 
was  given  the  difference  as  a  bonus  check.  Air  and  water  connections 
were  made  for  every  third  ring  of  holes,  and  only  one  drill  machine, 
though  handled  by  each  runner  of  the  three  daily  shifts,  completed 
the  three  rings,  and  then  moved  to  the  head  of  the  line,  taking  the 
next  three  rings.  Congestion  of  men  and  material  was  thus  avoided, 
and  each  man  had  a  fair  chance  to  work  on  an  equal  quantity  of 
hard  and  soft  rock.  There  was  extreme  variation  in  the  quantity 
drilled  by  different  men  and  in  different  rock.  The  same  man  might 
do  only  6  ft.  a  shift  in  the  hardest  quartzite,  and  more  than  100  ft. 
per  shift  in  the  softer  schist.  New  men,  after  a  month's  practice, 
generally  made  more  footage  than  men  of  long  experience  in  mining. 
In  general,  it  was  foiind  better  to  train  green  men  than  to  try  to  get 
men  accustomed  to  piston  drills  to  learn  to  run  hammer  drills.  Most 
of  the  rings  were  6  or  6^  ft.  apart.  When  explosives  rose  in  price 
it  was  found  economical  to  space  the  rings  5  ft.  apart,  as  the  extra 
drilling  cost  was  balanced  by  the  saving  in  explosives,  with  the  added 
advantage  that  the  muck  was  broken  into  smaller  pieces  and  scattered 
farther  back.  Where  the  roof  was  soft  and  full  of  slips,  so  that 
trouble  was  anticipated,  the  upper  set  of  arms  on  the  column  was 
lowered  1  ft.,  in  order  to  leave  some  trimming  of  the  roof  to  be 
done  by  jack-hammer,  flat  holes  and  light  blasting.  The  air  and 
water  for  the  enlargement  drilling,  as  well  as  the  supplies,  came  by 
the  pioneer  tunnel  and  the  cross-cuts,  so  that  this  drilling  was  not 
disturbed  by  the  enlargement  blasting.  The  drilling  for  the  last  mile, 
where  no  pioneer  tunnel  was  driven,  was  started  at  the  middle  and 
progressed  toward  the  portal,  the  track,  pipe,  etc.,  being  removed  as 
the  drilling  was  finished.  The  stopping  of  the  pioneer  tunnel  was 
well-timed,    as    the   main   heading   was   driven    and    the    enlargement 
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drilling  completed  just  in  time  to  avoid  delaying  the  enlargement 
blasting  and  mucking  at  the  east  end. 

Enlargement  Blasting. — There  was  considerable  difficulty  in  break- 
ing the  bottom  to  sub-grade  when  the  rock  excavation  was  first  started. 
This  was  overcome  by  dropping  the  floor  of  the  main  heading  1  ft. 
and  drilling  the  holes  in  the  bottom  1  ft.  deeper.  Difficulty  was 
found  also  in  getting  the  sides  below  the  springing  line  to  break  for 
the  full  width.  This  was  overcome  by  drilling  one  or  two  relief  holes 
at  this  locality  in  tough  breaking  rock.  In  tough  rock,  two,  four, 
six,  and  sometimes  eight,  holes  were  sprung.  (Fig.  2.)  If  over- 
sprung,  the  ring  being  shot  was  likely  to  break  into  the  next  ring 
and  explode  it,  or  shake  it  up  so  as  to  spoil  the  effect  of  the  blast. 

Generally,  from  ten  to  fifteen  rings  were  kept  loaded  ahe^d.  Any 
part  of  a  hole  which  had  not  broken,  and  could  be  foiuid,  was  reloaded 
and  shot  with  the  next  ring.  Generally,  a  little  muck  was  left  in  the 
face  by  the  power  shovel  in  order  to  prevent  the  first  ring  from  scat- 
tering back  too  far.  If  the  previously  shot  material  had  not  broken 
to  the  required  width,  however,  all  the  muck  was  loaded,  and  jack- 
hammers  were  used  to  drill  up  this  tight  rock,  after  which  it  was 
shot  before  the  regular  rings  were  blasted.  Several  bottom  rings 
were  first  blasted,  then  a  top  and  bottom  ring  were  blasted  together 
until  the  muck  piled  up  to  within  4  or  5  ft.  of  the  roof.  Then  blasting 
was  discontinued,  and  the  men  scaled  and  trimmed  the  roof,  working 
from  the  muck  pile.  (Fig.  8.)  Where  no  holes  had  to  be  reloaded, 
rings  could  be  blasted  at  intervals  of  from  15  to  20  min.  The  blasting 
was  done  with  a  battery  in  the  main  heading,  and  the  bottom  holes 
were  all  loaded  ahead,  the  wires  being  wound  up  and  stuck  in  the 
holes,  from  which  they  could  readily  be  pulled  out  and  connected. 
The  upper  holes  were  loaded,  but  no  primers  were  put  in  until  ready 
to  blast.  The  holes  were  loaded  to  within  4  ft.  of  the  collar,  whether 
sprung  or  otherwise. 

When  retiring  in  the  main  heading  to  blast,  the  blasting  gang 
took  back  the  scaling  tools,  so  that  they  might  examine  and  scale 
the  roof  of  the  heading  if  necessary  as  they  returned.  After  several 
rings  had  been  blasted,  the  power  shovel  crew  commenced  to  clean  up 
the  beginning  of  the  muck  heap,  and  only  retired  a  few  minutes  for 
the  following  blasts.  Several  top  rings  were  generally  held  and  shot 
at   meal    times,    when    the   shovel    had    excavated    sufficient   muck    to 
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provide  room  for  more  without  blocking  the  airway  and  manway  over 
the  pile. 

The  smoke  and  g-as  from  the  blasting  were  quickly  taken  out  by 
the  fresh  air  forced  into  the  pioneer  tunnel  by  a  ''Sirocco  fan"  at  the 

Enlargement  Drilling 


Knlargement 
Sub-grade- 


Jlaiti  IIoiKlliig 


^WfWli 


LONGITUDINAL  SECTION,  SHOWING  ENLARGEMENT  BLASTING 
Fig.  8. 

portal.  The  air  circulated  through  the  pioneer  tunnel  and  the  cross-cut 
ahead  of  the  blasting,  and  then  back  through  the  main  heading,  over 
the  muck  pile,  and  out  at  the  portal  of  the  main  tunnel.  This  circula- 
tion was  prevented  from  short  circuiting  by  stoppings  and  doors  in  the 
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cross-cuts  passed  by  the  shovel.  The  quantity  possible  to  shoot  depended 
on  the  distance  the  muck  was  thrown  back,  or  the  quantity  of  muck 
for  which  there  was  room  without  interfering  with  the  scaling  and 
trimming  of  the  roof;  it  varied  from  24  to  110  ft.  Much  time  was 
lost  in  taking  up  the  track  before  blasting,  in  cleaning  up  the  thinly 
scattered  muck  directly  after  a  blast,  and  by  other  delays  incidental  to 
each  clean  up,  which  it  made  desirable  to  shoot  as  many  rings  as  possible. 
Enlargement  Mucking. — Mucking  was  done  with  small  steam 
shovels,  with  cylinders  enlarged  so  as  to  be  efficient  at  100  lb.  air 
pressure,  and  with  the  boom  sheaves  set  back  so  as  to  shorten  the 
booms  and  protect  the  sheaves.  The  shovels  loaded  the  muck  into 
12-yd.,  standard-gauge,  air-dump  cars.  The  cars  were  shifted  to 
the  shovel  by  two  small  compressed-air  locomotives,  and  were  taken 
from  a  spur  near  the  shovel  to  the  portal  by  a  larger  compressed-air 
locomotive;  they  were  taken  by  a  steam  locomotive  from  the  portal 
to  the  dump.  During  the  past  year  the  shovels  mucked  18  550  ft. 
throughout  3i  miles  of  tunnel,  or  more  than  2  ft.  per  hour.  Blasting 
and  trimming  took  about  one-quarter  of  the  time.  The  best  monthly 
run  for  one  shovel  was  946  ft.  at  the  east  end,  and  1  030  ft.  at  the 
west  end.  The  ground  between  the  third  and  fourth  cross-cuts 
at  the  west  end  became  so  dangerous,  owing  to  the  material  in  the 
roof  and  sides  falling,  that  one  shift  out  of  three  had  to  be  devoted 
to  scaling  this  section  until  it  was  concreted.  About  2  500  cu.  yd.  fell 
or  was  scaled  in  this  section,  on  account  of  the  disintegration  of  the 
material  on  exposure  to  the  air.  The  scaling  car  throughout  the 
work  was  handled  by  the  air  locomotive,  and  the  scaling  was  done 
by  the  shovel  crew  or  others  during  the  time  the  shovel  was  stopped 
for  enlargement  blasting.  Any  rock  not  broken  to  the  required 
dimensions  was  drilled  off  the  muck  pile,  or  from  the  floor,  as  the 
shovel  cleaned  up  as  far  as  possible,  or  from  a  car  left  at  the  shovel 
crew's  meal  time,  and  shot  before  the  next  rings  were  blasted.  The 
enlargement  drill  holes  were  the  general  guide  as  to  the  trimming 
required,  such  points  as  were  missed  being  marked  by  the  Railway 
Company's  engineer.     There  was  very  little  over-breakage. 

Concreting. 

About  1^  miles  of  the  tunnel,  including  the  soft  ground  at  each 
end,    required    concreting.      This   work    was    sublet   to    the   Bates    and 
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Rogers  Construction  Company,  of  Chicago  and  Spokane.  The  concrete 
section  is  heavily  reinforced,  which  prevented  the  use  of  the  pneumatic 
method  of  placing.  The  sub-contractors  used  wooden  forms,  and 
deposited  the  concrete  from  a  platform  near  the  roof  reached  by  an 
inclined  trestle.  The  concrete  mixer  was  on  a  car,  and  the  materials 
were  on  other  cars  back  of  it.  The  concrete  from  the  mixer  flowed 
into  a  small  car  which  was  hauled  by  cable  up  the  trestle  incline 
to  the  high  platform,  from  which  it  was  shoveled  into  the  forms. 
Much  of  the  lining  required  back  as  well  as  front  forms,  and  the 
space  behind  the  back  forms  was  filled  with  rock  or  wood.  This  back- 
form  and  back-filling  work  was  slow  and  expensive,  especially  where 
there  were  only  a  few  inches  between  the  back  forms  and  the  rock. 
The  concreting  has  been  well  done,  but  the  work  is  behind  time,  owing 
largely  to  conditions  which  the  sub-contractors  could  not  control. 

General  Results. 

The  tunnel  has  been  finished  11  months  ahead  of  the  contract  time, 
and  for  a  substantial  sum  less  than  the  price  bid.  There  have  been  no 
strikes,  or  interruptions  of  the  work.  The  management  has  had  the 
necessary  money  and  authority,  and  has  been  given  a  free  hand,  both 
by  the  Railway  Company  and  the  contractors,  and  has  had  the  loyal 
support  and  valued  assistance  of  the  men,  notably  Messrs.  J.  Fowler, 
Assistant  Superintendent,  T.  Truran,  Master  Mechanic,  J.  Roberts, 
Chief  of  Office  Force,  and  M.  C.  Brian,  Shovel  Rimner. 

Engineering. 

The  Railway  Company  did  the  necessary  engineering  work.  Messrs. 
F.  F.  Busteed,  H.  G.  Barber,  and  W.  A.  James,  M.  Am.  Soc.  C.  E., 
were  successively  in  charge,  Mr.  J.  G.  Sullivan  being  Chief  Engineer. 
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Synopsis. 
This  paper  describes  tlie  process  of  selecting  a  new  water  supply 
for  the  City  of  Parkersburg,  W.  Va.,  the  investigation  of  the  possible 
sources  of  supply,  especially  the  natural  underground  supply  in  the 
neighboring  Ohio  River  bottoms  and  plateau,  the  physical  and  geo- 
logical phenomena  relating  thereto,  the  methods  considered  for  collect- 
ing the  water  for  pumping,  and  the  novel  method  finally  adopted,  which 
consists  of  an  infiltration  system  composed  of  strainer  pipes  laid  in 
the  bed  of  the  river  and  overlaid  with  a  bed  of  washed  gravel  and  sand. 


Introduction. 
The  City  of  Parkersburg,  W.  Va.,  (population  17  842  in  1910) 
constructed  works  for  a  public  water  supply  in  1884.  The  pumping 
station  was  established  on  the  banks  of  the  Ohio  River,  and  for  more 
than  25  years  the  supply  was  drawn  from  the  muddy  and  polluted 
waters  of  that  stream,  and  used  for  all  purposes  without  any  treatment 
whatever.  With  increasing  quantities  of  sewage  entering  the  river 
from  Pittsburgh,  Wheeling,  and  other  communities  in  the  Ohio  Valley 
above  Parkersburg,  this  supply  became  increasingly  unsatisfactory. 
Typhoid   fever   was   quite  prevalent,   and   investigations   in    1906   and 
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papers,  with  discussion  in  full,  will  be  published  in  Transactions. 


28  WATEK  SUPPLY  OF  PARKEESBUEG,  W.   VA.  [Papers. 

1907   indicated   for   that   disease   annual   death   rates   of   75   and   60, 
respectively,  per  100  000  population. 

In  1907  a  law  was  enacted  creating  for  Parkersburg  a  Water- Works 
Commission,  composed  of  three  city  officials,  including  the  Mayor, 
and  four  citizens,  of  whom  the  writer  was  one.*  This  Commission 
instituted  investigations  for  the  purpose  of  determining  the  best  method 
of  treatment  of  the  Ohio  River  water,  if  that  should  continue  to  be 
the  supply,  and  whether  or  not  water  could  be  obtained  from  wells, 
cribs,  or  from  a  gravity  source.  As  a  part  of  the  project,  consider- 
ation was  also  given  to  a  new  pumping  station  to  supersede  the  original 
plant,  which  had  suffered  much  from  wear  and  tear  in  pumping  muddy 
water  for  such  a  long  time.  It  is  not  within  the  scope  of  this  paper 
to  describe  the  details  of  the  pumping  station,  distributing  reservoirs, 
pipe  lines,  etc. 

Preliminary  Investioations. 

Morris  Knowles,  M.  Am.  Soc.  C.  E.,  was  engaged  to  make  recom- 
mendations relative  to  a  new  water  supply.  In  addition  to  gravity  and 
inpounding  sources  of  supply  and  filtration  of  the  Ohio  River  water, 
he  investigated  the  feasibility  of  obtaining  a  well-water  supply  from 
the  Camden  Farm,  which  lies  immediately  north  of  the  upper  city 
limits  of  Parkersburg.    This  is  shown  by  Fig.  1. 

Mr.  Knowles  reported  in  August,  1908,  for  a  recommended  4  000  000- 
gal.  daily  supply,  that,  although  the  well  proposition  was  attractive, 
further  investigation  should  be  made,  perhaps  in  other  localities,  or 
somewhat  removed  from  the  Camden  Farm.  His  test  of  a  12-in. 
well  did  not  indicate  a  serious  lowering  of  the  ground-water  level,  but, 
for  safety,  a  more  elaborate  test  was  recommended,  as  it  was  realized 
that  a  large  factor  of  safety  should  be  required  in  establishing  a 
well  plant.  Based  on  his  recommendations,  the  citizens  voted  on 
April  22d,  1909,  to  authorize  a  bond  issue  of  $270  000  to  build  the 
proposed  new  water-works;  and  he  was  authorized  to  prepare  plans 
and  specifications  for  the  construction  thereof. 

Some  doubt  as  to  the  permanency  of  the  well-water  supply  arose 
in  the  minds  of  some  of  the  city  officials,   and,  on  request,  further 

*  The  Commission  consisted  of  Messrs.  W.  D.  Pedigo,  Mayor,  C.  D.  Forrer,  of  the 
Board  of  Affairs,  Walter  Gerwig,  Councilman,  and  the  following  citizen  members : 
Messrs.  S.  D.  Camden,  H.  H.  Moss,  B.  S.  Pope,  and  the  writer.  Mr.  Camden  was  elected 
President  of  the  Commission,  and  Mr.  Forrer.  Secretary.  After  the  expiration  of  Mr. 
Forrer's  term  of  oflBce,  Mr.  George  P.  Chase,  Attorney,  though  not  a  member  of  the  Com- 
mission, served  as  Secretary. 
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consideration  was  given  to  the  matter  in  July,  1909,  by  Mr.  Knowles, 
who  called  in  Mr.  F.  G.  Clapp,  a  geologist,  as  advisor  on  this  subject. 
Mr.  Clapp  favored  the  well-water  supply,  but  was  also  aware  of  the 
possibility  of  having  to  build  new  wells  in  future  years,  thus  making 
it  wise  to  secure  at  the  outset  plenty  of  land  in  the  vicinity  of  the 
projected  plant;  such  additional  land  would  also  protect  the  purity 
of  the  supply  by  avoiding  surface  pollution  near  the  wells. 

There  was  still  one  member  of  the  Water-Works  Commission  who 
was  unable  to  agree  with  the  otherwise  unanimous  opinion  as  to  the 
adequacy  of  the  proposed  well  supply  and  its  suitability  as  to  quality. 
To  obtain  further  data,  James  H.  Fuertes  and  George  W.  Fuller, 
Members,  Am.  Soc.  C.  E.,  were  engaged  in  November,  1909,  to  inves- 
tigate and  report  on  the  proposed  well  supply,  with  a  view  to  settling 
the  differences  of  opinion  between  the  city  officials  and  the  citizen 
members  of  the  Water-Works  Commission.  They  investigated  the 
well-water  project  with  considerable  thoroughness,  and  found  that, 
though  it  would  be  possible  to  obtain  a  4  000  000-gal.  supply  from  the 
gravel  and  sand  layers  underlying  the  bottom-lands  in  the  neighborhood 
of  the  Camden  Farm,  it  would  be  necessary  that  such  a  well  system 
should  extend  along  the  river  for  at  least  4  000  ft.,  thus  making  its 
cost  greater  than  that  of  a  filtered-water  supply  from  the  river.  They 
recommended  the  adoption  of  the  latter. 

The  city  officials  passed  an  ordinance  authorizing  the  Board  of 
Affairs  to  build  the  filtration  works  and  appurtenances,  but  this  authori- 
zation was  nullified  by  an  injunction  suit  which  stopped  the  further 
expenditure  of  funds,  made  available  by  the  bond  issue  for  the  purpose, 
without  the  approval  of  the  Water- Works  Commission.  In  the  mean- 
time Mr.  L.  E.  Smith  interested  some  of  the  leading  citizens  in  a 
system  of  water  supply  consisting  of  a  manifold  of  pipes  laid  in  a 
sand  bar  in  the  Ohio  Eiver.  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E.,  was 
then  engaged  to  report  on  the  advisability  of  adopting  the  so-called 
Smith  system.  His  report,  delivered  on  May  26th,  1910,  being  favorable, 
the  works  were  built  under  his  direction,  and  for  5  years  or  more  the 
water  has  been  clear,  clean,  and  of  satisfactory  sanitary  quality.  Not 
only  has  the  new  water  supply  been  satisfactory  to  the  citizens,  but 
it  is  gratifying  to  note  that  the  new  pumping  equipment  has  effected 
an  economy  sufficient  to  pay  the  capital  charges  on  the  bond  issue 
required  by  the  new  plant. 
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It  is  believed  that  the  development  of  the  new  supply  has  placed 
on  record  many  data  of  general  interest  to  the  Profession  with  regard 
to  ground-water;  and  that  this  is  so  with  respect  to  the  investigation 
of  the  well-water  supply  by  Messrs.  Knowles,  Fuertes,  and  Fuller,  and 
in  particular  in  the  case  of  the  somewhat  novel  system  built  by  Mr. 
Smith  under  the  direction  of  Mr.  Gray.  In  placing  before  the  Society 
the  principal  features  of  the  Parkersburg  water  project,  the  writer 
feels  of  necessity  bound  to  make  liberal  use  of  the  reports  of  the 
above-mentioned  gentlemen,  and  wishes  to  state  that  much  of  the 
following  is  an  abstract  compiled  from  their  several  reports  in  the 
preparation  of  which  he  is  indebted  to  them. 

Geological  Conditions. 

The  geological  conditions  of  the  Ohio  Valley  in  the  vicinity  of 
Parkersburg  were  investigated  at  length  by  Mr.  Knowles  with  the  aid 
of  Mr.  T.  G.  Clapp. 

Attention  is  first  directed  to  the  cross-sectional  profile  of  the  Ohio 
Kiver  at  Lock  and  Dam  'No.  18  (Fig.  2),  furnished  by  the  writer 
from  investigations  made  under  his  direction. 

The  bottom-lands  on  the  West  Virginia  bank  of  the  Ohio  River, 
for  a  distance  of  5  or  6  miles  north  of  and  above  Parkersburg,  contain 
more  or  less  water-bearing  strata.  This  is  shown  by  numerous  wells 
in  successful  use  for  domestic  and  manufacturing  purposes  within 
that  tract,  and  is  also  confirmed  by  an  examination  of  the  materials 
removed  in  drilling  these  wells. 

From  a  study  of  the  history  of  the  Ohio  River  in  this  immediate 
locality,  it  appears  that  the  river  bed  has  shifted  its  position  materially 
along  the  part  south  of  the  promontory  at  Briscoe,  where  the  rock  of 
the  West  Virginia  shore  extends  down  to  and  beneath  the  river  bed. 
At  present  the  Ohio  lies  well  to  the  west  in  the  river  bottoms,  in  some 
places  nearly  reaching  the  foot  of  the  hills  forming  the  rugged  upland 
of  the  Ohio  shore.  In  earlier  days  the  river  unquestionably  skirted 
the  West  Virginia  foot-hills.  The  result  of  this  shifting  has  been 
the  deposition  of  a  substantial  quantity  of  gravel  and  sand  in  the 
present  bottom-lands,  with  a  stratum  of  sandy  gravel  extending  north 
from  above  the  upper  limits  of  the  City  of  Parkersburg  for  about 
5  miles,  and  having  a  varying  width  averaging  perhaps  |  mile. 
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This  stratum  varies  in  depth  from  perhaps  15  to  25  ft.,  and  averages 
approximately  20  ft.,  according  to  available  information.  It  is  over- 
laid with  a  stratum  of  loam  ranging  in  depth  from  25  to  40  ft.  The 
bottom  of  the  sand  and  gravel  stratum  varies  in  elevation  roughly 
from  about  540  to  650  ft.  above  sea  level,  and  its  top  surface  from 
about  560  to  570  ft. 

A  more  detailed  statement  of  the  local  geology,  with  comments 
on  its  significance  with  reference  to  the  ground-water  supply  of  Parkers- 
burg,  is  set  forth  with  various  comments  by  Mr.  Clapp  in  the  following 
paragraphs. 

Local  Geological  Details. — In  order  to  make  sure  of  the  adequacy 
of  the  present  and  future  supply,  the  formation  of  the  valley  and 
its  sediments  was  carefully  considered.  The  real  bottom  of  the  Ohio 
Valley  is  not  the  present  surface  of  the  river  or  of  the  first  and  second 
bottoms,  but  is  the  bed-rock  surface,  or  surface  of  the  solid  rock  (sand- 
stone and  shale)  underlying  these.  Along  the  part  of  the  valley  con- 
sidered, this  bed-rock  surface  lies  from  50  to  125  ft.  or  more  below 
the  first  bottoms,  as  determined  by  the  depth  of  numerous  wells  and 
test  borings. 

The  origin  of  the  buried  bed-rock  surface  is  due  to  erosion  at  a 
time — thousands  of  years  ago — before  the  overlying  gravel  tilling 
existed,  when  the  whole  country  stood  higher  above  the  ocean  level, 
and  hence  the  present  bed-rock  was  at  the  surface  of  the  ground. 
The  deeper  parts  of  the  bed-rock  valley  (i.  e.,  those  now  buried  more 
than  100  ft.  below  the  present  bottoms)  were  eroded  by  the  ancient 
Ohio  River  as  it  cut  its  way  deeper  into  the  surface  of  the  country 
while  it  was  comparatively  high,  forming  a  sort  of  gorge  below  the 
general  level  of  the  bed-rock  surface  in  the  valley.  Thus  there  were 
(and  still  are)  three  rock  levels:  (1)  that  of  the  gorge,  now  from  100 
to  125  ft.  below  the  present  first  bottoms;  (2)  that  of  the  ordinary 
bed-rock  in  the  valley,  now  from  50  to  00  ft.  below  the  first  bottoms; 
and  (3)  that  of  the  surrounding  hills,  the  tops  of  which  stand  from 
200  to  300  ft.  above  the  bottoms.  The  sand,  gravel,  and  clay  filling 
which  forms  the  bottoms  and  higher  unconsolidated  terraces  along  the 
valley  was  formed  at  a  more  recent  date  than  the  rock  valleys,  due 
to  various  incidents  in  connection  with  the  Ice  Age,  during  which 
the  northern  part  of  the  territory  now  occupied  by  the  State  of  Ohio 
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was  covered  witli  a  great  glacier,  damming  the  river  valleys  at  various 
places. 

For  the  most  part,  the  buried  bed-rock  surface  of  the  Ohio  Valley 
is  rather  flat,  and,  under  the  Camden  Farm  and  elsewhere,  it  lies  from 
50  to  90  ft.  below  the  lower  bottoms.  On  this  rock  bench  rest  the  water- 
bearing gravels,  from  20  to  30  ft.  thick,  from  which  it  is  proposed  to 
draw  the  water  supply  by  pumping  from  wells.  The  gravels  are  covered 
by  clay,  fine  sand,  and  loam,  reaching  to  the  surface  of  the  bottom-land. 
Many  household  wells  driven  into  the  gravels,  and  also  geological 
inferences,  have  shown  that  the  formation  is  similar  and  continues  for 
miles  up  and  down  the  main  valley. 

No  part  of  the  rock  gorge  imderlies  the  Camden  Farm,  but  at  this 
place  it  is  below  the  present  river.  Presumably  it  meanders  from  side 
to  side  of  the  valley,  and  farther  up  and  down  stream  it  may  underlie 
the  gravels,  as  it  does  at  the  test  wells  on  the  land  of  the  Parkersburg 
Iron  and  Steel  Company.  In  order  to  show  that  this  deeper  gorge  will 
not  interfere  with  the  supply  of  the  wells  by  draining  off  the  water 
at  a  lower  level,  it  may  be  stated  that  the  deeper  gorge  is  filled  for 
the  most  part  with  finer  material,  such  as  fine  sand  and  clay,  and  these 
do  not  hold  large  volumes  of  water.  Moreover,  the  portion  of  the 
underflow  of  the  river  which  follows  the  gorge  is  separated  from  the 
water  in  the  upper  gravels  by  layers  of  finer,  more  impervious  material, 
which  tend  to  keep  the  two  bodies  of  water  separate. 

Another  geological  feature  which  needs  consideration  is  the  terrace 
known  as  the  "sand  plains  region",  lying  back  of  Boreman  Hill,  and 
standing  at  an  average  elevation  of  80  ft.  above  the  first  bottoms,  or 
130  ft.  above  the  underlying  bed-rock.  The  sand  plains  are  about 
1/2  mile  wide,  and  extend  from  the  bottom-lands  of  the  Ohio  Valley 
at  Beeehwood  for  I/2  mile  to  Worthington  Creek,  It  is  a  geological  fact, 
based  on  good  evidence,  derived  from  what  is  known  of  similar  sand 
plain  regions  at  various  places  along  the  Ohio,  that  this  strip  was 
the  ancient  valley  of  Worthington  Creek,  or  the  Little  Kanawha  River. 
The  depth  of  the  sand  and  gravel  filling  there  is  unknown,  but  it  is 
considerable;  and  through  shallow  wells  which  have  been  drilled  there, 
it  is  known  that  it  contains  a  large  volume  of  water.  This  water  is 
supplied  by  the  rain  which  falls  on  the  sand  plains  and  flows  west- 
ward,  through  the  underlying  sand  and  gravel,   to  the  Ohio  Valley, 
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where  a  large  part  of  it  passes  thi-ough  the  gravels  underlying  the 
Camden  Farm. 

Thus  there  will  be  two  sources  of  supply  for  the  wells :  the  ground- 
water from  the  sand  plain  district,  and  that  from  the  bottom-lands 
in  the  main  valley  of  the  Ohio,  both  bodies  of  water  moving  toward 
the  wells.  At  no  other  locality  in  the  vicinity  could  this  double  supply 
be  obtained  in  such  great  quantity. 

Gravel-Water  Versus  Rock-Water. — The  question  arises:  Can  a 
better  or  more  adequate  supply  of  ground-  water  be  obtained  by  drilling 
to  some  lower  level  than  is  planned,  that  is,  into  the  bed-rock?  To 
this  question  the  reply  is  decisively  "no".  The  rocks  underlying  the 
river  valleys  and  the  entire  vicinity  of  Parkersburg  are  similar  in 
character  to  those  in  the  surrounding  hills,  and  consist  of  shales  and 
sandstones  of  the  Dunkard  formation  (upper  barren  coal  measures), 
which  contain  very  little  water,  and  nowhere  in  these  rocks  could  a 
sufficient  supply  be  obtained.  In  fact,  a  supply  as  large  as  is  neces- 
sary does  not  seem  to  exist  anywhere  in  the  shales  and  sandstones 
of  the  coal  measures,  or  in  the  thin  limestones  scattered  through  them. 
Many  hundred  feet  below  the  surface  of  the  valley,  a  large  enough 
supply  could  be  found  in  limestones,  but,  even  if  it  was  practicable 
to  sink  wells  to  that  depth,  the  water  would  be  found  to  be  salty  and 
unfit  for  use. 

Estimated  Yield  of  the  Wells. — Calculations  by  Mr.  Clapp  agreed 
with  those  by  Mr.  Knowles,  that  fourteen  wells  will  yield  from  3  000  000 
to  4  000  000  gal.  of  water  per  day,  which  is  more  than  is  at  present 
needed,  and  will  suffice  for  some  years  to  come.  However,  after  from 
8  to  12  years,  it  may  be  necessary  to  add  a  new  well  every  year  or  two 
for  several  years,  in  order  to  keep  pace  with  the  increase  in  population 
and  to  replace  possible  deteriorating  wells.  Hence,  plenty  of  land 
should  be  secured  in  the  vicinity  of  the  wells.  Owing  to  the  character 
of  the  water,  and  the  known  type  of  river  gravels,  the  wells  may  last 
15  years  or  more  without  the  necessity  of  being  replaced.  In  order 
that  the  supply  may  be  maintained  at  approximately  its  initial  quan- 
tity, the  wells  should  be  cleaned  occasionally,  and,  if  pumped  with  an 
air-lift,  the  air  pressure  should  be  reversed  frequently,  in  order  to 
blow  out  any  fine  material  which  may  collect  in  the  pores  of  the 
gravel  close  to  the  wells  or  in  the  strainers. 
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Arrangement  of  the  Wells. — The  water  in  the  gravels  is  moving 
in  two  directions.  A  part  of  it,  derived  from  the  rainfall  on  the 
bottom-lands  farther  up  the  valley,  is  moving  slowly  down  stream, 
approximately  parallel  to  the  Ohio  River.  A  second  part  of  the 
gravel-water,  derived  from  the  rainfall  on  the  sand  plains,  is  moving 
from  them  toward  the  river,  in  general  at  right  angles  to  it.  There- 
fore, the  proposed  arrangement  of  the  wells  in  two  lines,  one  parallel 
to  the  river  and  the  other  at  right  angles  thereto,  is  the  best  for 
securing  all  available  water.    The  wells  should  be  at  least  300  ft.  apart. 

Hyduauucs  oj^  the  Local  Well-Water  Field. 

So  much  discussion  having  arisen  in  Parkersburg  as  to  the  relative 
merits  of  a  well-water  supply  and  a  filtered-water  supply  from  the  Ohio 
River  when  Messrs.  Fuertes  and  Fuller  made  their  examination  in 
the  fall  of  1909,  it  was  determined  to  conduct  pumping  tests  for  a 
period  of  at  least  3  weeks.  Accordingly,  a  deep-well  pump  was  set 
up  in  one  of  the  12-in.  wells  sunk  by  Mr.  Knowles.  This  pump  was 
operated  under  the  observation  of  James  R.  McClintock,  M.  Am. 
Soc.  C.  E.,  from  January  18th  to  February  8th,  1910,  and  during  this 
period  quantities  ranging  from  480  000  to  575  000  gal.  daily  were 
pumped.  Eight  special  observation  wells  were  driven,  and  frequent 
studies  were  made  of  the  water  level  therein,  and  also  in  thirty-one 
existing  driven  wells  within  3  or  4  miles  up  the  river  on  the  Camden 
Farm  site,  including  two  wells  in  the  sand  plains  east  of  the  bottom- 
lands. 

Water  levels  in  the  river  were  taken  several  times  a  day,  and 
samples  of  the  well  water  were  collected  frequently  for  analysis.  The 
temperature  of  the  well  water  was  uniformly  between  51  and  52° 
Fahr.,  and  that  of  the  river  water  during  the  period  under  observation 
ranged  from  34  to  38°  Fahr. 

Summary  of  Results  of  Studies  of  Ground- Wateu   Supply,  as  to 
Source,  Quality,  and  Quantity. 

The  results  of  the  pumping  tests  are  given  in  a  report  by  Messrs. 
Fuertes  and  Fuller,  dated  February  21st,  1910,  with  perhaps  unusual 
clearness,  and  a  summary  of  this  information  is  given  at  some  length, 
as  follows. 
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Water-hearing  Strata. — The  first  essential  in  securing  a  ground- 
water supply  was  to  ascertain  the  conditions  with  respect  to  the  water- 
bearing strata,  as  it  is  obvious  that  without  such  strata  a  ground-water 
supply  for  the  city  was  out  of  the  question.  Keference  has  already 
been  made  to  the  local  geological  conditions,  and  these  may  be  further 
spoken  of  from  the  standpoint  of  water  supply  as  to  the  character 
of  the  water-bearing  strata. 

The  elevation  of  the  Ohio  River  opposite  the  Camden  Farm  ranges 
from  about  562  at  low  water  to  about  621  for  extreme  high  water,  which 
floods  the  bottom-lands  to  a  depth  of  from  10  to  20  ft.  At  low  water 
the  depth  of  the  river  varies  somewhat,  but  approximates  5  ft.,  accord- 
ing to  the  surveys  made  by  the  United  States  Government. 

The  present  river  bed  opposite  the  low  lands  in  question  is  made 
up  largely  of  sand  and  gravel.  The  proportion  of  gravel  and  the  range 
in  gravel  size  vary  considerably.  The  proportion  of  sand  apparently 
increases  with  the  distance  from  the  natural  dam  at  Briscoe. 

Excellent  building  sand  for  local  construction  work  is  secured 
from  the  river  bed  by  dredging  at  a  point  opposite  the  Camden  Farm. 
Samples  of  this  sand,  after  removing  the  gravel  by  screening,  show 
what  would  be  called  a  medium  river  sand,  having  an  "effective  size" 
of  about  0.28  mm.  Test  wells  sunk  by  Mr.  Knowles,  and  from  which 
samples  of  material  were  placed  on  exhibition  in  the  rooms  of  the 
Water  Commission,  show  a  substantial  proportion  of  relatively  fine 
or  medium-sized  gravel  from  which  the  sand  was  largely  eliminated 
in  the  process  of  removal  from  the  ground.  So  far  as  it  has  been 
possible  to  ascertain,  these  bottom-lands,  at  a  depth  of  about  40  ft. 
below  the  surface,  contain  a  sand  and  gravel  layer  with  the  sand 
predominating.  The  sand  is  of  medium  size,  filling  the  voids  of  the 
gravel  and  thus  controlling  the  resistance  of  the  stratum  to  the  flow 
of  water.  The  average  depth  of  the  layer  is  about  20  ft.,  and  not  more 
than  one-fourth  of  it  is  above  extreme  low  water.  In  a  rough  way, 
it  appears  that  during  dry  years  the  water  in  the  river  is  below  the 
level  of  the  surface  of  the  sand  and  gravel  stratum  for  about  4  months, 
and  sometimes  it  is  3  or  4  ft.  below  for  weeks  at  a  time. 

Deep  wells  show  that,  beneath  this  water-bearing  stratum  of  sand 
and  gravel,  there  are  layers  of  shale  and  clay,  rather  irregularly  spaced, 
and  interspersed  with  more  or  less  sand  and  gravel.  So  far  as  it  has 
been  possible  to  ascertain,  however,  the  sand  and  gravel  layers  below 
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the  main  deposit  are  too  thin  and  too  variable  as  to  continuity  to 
make  them  worth  serious  consideration  in  connection  with  a  municipal 
water  supply. 

The  general  conditions  as  to  the  present  river  bed  at  Lock  and  Dam 
18,  about  2  miles  below  Briscoe,  are  shown  on  the  sectional  profile, 
Fig.  2. 

Source  of  Ground-Water. — The  second  step  in  studying  a  ground- 
water project  was  to  ascertain  the  source  of  the  water  found  in  the 
water-bearing  strata,  and  particularly  the  source  and  direction  of  the 
flow  of  water  in  such  strata  in  the  event  that  a  municipal  supply 
were  to  be  taken  regularly  therefrom. 

Inspection  of  local  conditions  shows  at  once  that  the  promontory 
at  Briscoe,  with  the  rock  extending  across  the  river  a  short  distance 
beneath  the  river  bed,  clearly  precludes  the  possibility  of  any  sub- 
stantial quantity  of  ground-water  coming  from  points  above  Briscoe 
and  passing  longitudinally  down  the  bottom-lands.  Accordingly,  a 
water  entering  the  sand  and  gravel  stratum  must  come  either  from 
the  river,  by  iniiltration  through  the  bottom  and  sides  of  the  river-bed, 
or  from  the  rainfall  on  the  bottom-lands  themselves  or  the  upland 
district  immediately  tributary  thereto. 

Inspection  shows  that  these  bottom-lands  are  traversed  longitudi- 
nally by  Pond  Eun  for  the  greater  portion  of  the  distance,  and  at 
the  upper  or  northern  end  there  is  another  run  which  passes  diagon- 
ally across  the  bottom-lands  and  enters  the  Ohio  at  Vienna.  These 
surface  streams  have  a  drainage  area  of  some  5  sq.  miles  back  in  the 
hills.  The  hilly  sections  contain  much  clay  and  loam,  and  are  generally 
of  an  impervious  character,  as  distinguished  from  the  so-called  sand 
plains.  Pond  Eun  apparently  has  an  almost  impervious  bed.  Its  slope 
is  exceedingly  light,  and  the  fine  materials  deposited  show  that  except 
at  times  perhaps  of  heavy  rainfall,  no  appreciable  quantity  of  water 
passes  from  this  run  into  the  water-bearing  strata  below. 

Along  the  edge  of  the  upland  area  there  are  a  number  of  flowing 
wells  and  wet  places,  showing  clearly  that  the  water  entering  the  ground 
in  the  hilly  upland  district  meets  impervious  strata  as  it  reaches  the 
edge  of  the  bottom-lands,  and  that  it  is  easier  for  it  to  force  its 
way  to  the  surface  than  to  enter  the  sand  and  gravel  strata. 

Of  course,  some  rainfall  on  the  bottom-lands  themselves  would  reach 
the  underlying  strata  of  sand  and  gravel,  but  the  fine  and  impervious 
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nature  of  the  40-ft.  layer  of  loam  precludes  this  from  reaching  any 
substantial  volume.  It  must  also  be  borne  in  mind  that  the  loam 
stratum  is  flooded  with  muddy  Ohio  Eiver  water  from  time  to  time, 
and  the  surface  at  such  periods  is  covered  with  a  deposit  of  fine  silt 
and  clay. 

During  wet  weather,  perhaps  when  the  water  in  the  Ohio  is  high, 
it  would  appear  that  the  water  contained  in  the  pores  of  the  extensive 
sand  and  gravel  layers  is  largely  from  the  river,  but  to  some  extent 
it  is  from  upland  sources,  the  high  river  stage  damming  up  some  of 
the  upland  water. 

Messrs.  Fuertes  and  Fuller  were  firmly  of  the  opinion  that,  during 
low-water  stages  in  the  Ohio,  the  water  which  can  be  drawn  from 
the  strata  is  that  which  has  been  stored  within  the  pores  of  the 
material  at  times  of  previous  high  water.  They  were  also  certain 
that,  during  low  stages  in  the  river,  as  this  stored  water  is  removed  or 
naturally  flows  away,  whatever  water  enters  these  sub-surface  strata 
of  sand  and  gravel  is  largely  of  river  origin.  They  concluded,  there- 
fore, that,  as  a  source  of  supply  for  a  municipality,  the  water  from 
such  strata,  at  the  end  of  protracted  droughts,  must  come  from  the 
Ohio  through  the  bottom  or  sides  of  the  present  river  bed  along 
the  bottom-lands  below  Briscoe. 

Disposition  of  Ground-Water. — The  next  point  on  which  it  was 
necessary  to  make  inquiry,  in  studying  the  feasibility  of  a  ground- 
water supply,  was  the  answer  to  the  question :  Where  does  the  waier 
entering  the  porous  sand  and  gravel  layers  in  question  now  go?  The 
answer  is  shown  clearly  by  the  studies  which  have  been  made  and 
the  profiles  of  the  water  levels  secured  from  different  wells  prior  to 
the  occurrence  of  high  water  during  the  winter  of  1909-10,  as  well 
as  in  the  study  of  various  water  levels  or  contours  during  and  sub- 
sequent to  the  January  rise  in  the  Ohio.  Unquestionably,  the  water , 
in  the  porous  sand  and  gravel  layers,  found  at  some  distance  below  the 
bottom-land,  ultimately  makes  its  way  more  or  less  irregularly  and 
slowly  into  the  Ohio. 

Several  features  of  interest  and  importance  were  disclosed  in 
studying  the  question  of  the  relation  between  the  passage  of  the 
water  from  the  Ohio  into  what  is  practically  a  large  underground 
storage  reservoir,   as  above  described,  the  water  storage  therein,   and 
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also  the  passage  of  water  therefrom  back  into  the  river.  This  is 
indicated  by  the  diagrams,  Figs.  3  to  10. 

In  the  first  place,  it  was  found  that  the  water  in  the  porous  sand 
and  gravel  layers  did  not  rise  to  such  high  levels  as  those  foimd  in  the 
river  itself.  This  is  indicated  by  the  readings  in  test  wells  almost  at 
the  bank  of  the  river;  and  shows  that,  even  during  fairly  high  velocities 
in  the  river,  there  is  still  so  much  mud  and  silt  deposited  on  its  sides 
and  bottom  that  a  considerable  head  is  required  to  overcome  the 
friction  sufficiently  to  allow  substantial  quantities  of  the  water  to 
pass  through  this  thin  and  more  or  less  impervious  deposit. 

In  the  second  place,  in  discussing  the  question  of  the  disposition 
oi  the  water  stored  in  these  sand  and  gravel  layers,  it  is  necessary 
to  consider  the  character  of  the  material,  and  especially  the  finer 
particles  of  sand,  making  up  the  water-bearing  stratum  or  under- 
ground storage  reservoir.  In  this  regard  the  observations  showed  that 
considerable  head  was  required  in  order  to  cause  the  water  to  flow 
in  substantial  quantities  through  the  sand  interspersed  with  gravel. 
For  instance,  it  was  found  that  the  river  water  scarcely  affected  the 
level  of  the  water  in  wells  2  000  ft.  from  the  river,  notwithstanding 
that  in  the  river  itself  there  was  a  20-ft.  rise  during  the  period  in 
which  the  observations  were  made. 

This  shows  two  important  features:  one  is  that  this  underground 
reservoir  fills  from  the  river  only  to  a  slight  extent  during  floods  of 
short  duration;  the  other  is  that  considerable  water  cannot  be  removed 
at  a  single  point  without  creating  quite  a  steep  slope  on  which  the 
water  will  flow  to  the  point  of  removRl.  This  means  that  the  water 
stored  in  this  underground  reservoir  can  by  no  means  be  removed 
entirely;  in  fact,  in  order  to  remove  a  substantial  portion,  it  would 
be  necessary  to  establish  points  of  withdrawal  at  quite  frequent 
intervals  throughout  the  area  in  question. 

Pertaining,  however,  to  the  answer  to  the  main  proposition  set 
forth  under  this  heading,  it  may  be  said  that  the  water  stored  in  this 
sand  and  gravel  layer  during  floods  makes  its  exit  into  a  falling  river 
with  quite  steep  slopes  when  the  quantity  stored  is  great.  Considering 
these  underground  sand  and  gravel  layers  as  a  storage  reservoir,  there- 
fore, it  is  seen  that,  after  having  once  been  filled  during  a  protracted 
flood,  the  reservoir,  in  the  absence  of  any  pumping,  slowly  becomes 
emptied  as  the  river  falls.     Here  it  may  be  pointed  out  that,  although 
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the  mud  deposits  on  the  bottom  and  sides  of  the  river  bed  are  of 
much  significance  in  controlling  the  rate  at  which  this  underground 
reservoir  will  fill,  they  seem  to  be  of  less  significance  as  regards  its 
emptying,  on  account  of  the  lifting  of  the  deposits  from  the  sides 
of  the  stream  bed  by  the  pressure  of  the  ground-water  in  its  flow 
to  the  river. 

Collection  of  Ground-Water. — The  next  step  in  considering  a 
ground-water  proposition,  particularly  one  like  that  at  Parkersburg, 
where  a  flowing  imderground  stream  does  not  exist,  is  to  ascertain 
the  best  means  of  drawing  or  collecting  the  water  from  the  porosis 
sand  and  gravel  layers  containing  it. 

It  is  true  that  during  the  pumping  tests  the  bottom-lands  were  so 
saturated  with  water  that  the  withdrawal  of  500  000  gal.  or  more 
per  day  from  a  single  12-in.  well  made  very  little  impression  on  the 
surrounding  water  levels.  A  cone  of  depression  was  noticeable,  particu- 
larly during  the  latter  portion  of  the  pumping  period,  but  the  infor- 
mation obtained  therefrom  was  slight  when  compared  with  that 
available  from  other  sources.  This  is  indicated  by  the  diagrams. 
Figs.  3  to  10. 

The  studies  by  Messrs.  Fuertes  and  Fuller  showed  clearly  that  dur- 
ing the  pumping  period,  from  January  17th  to  February  5th,  1910,  the 
ground-water  contours  were  nearly  parallel  to  the  river.  In  other 
words,  there  was  substantially  no  difference  in  the  elevation  of  the 
ground-water  at  approximately  equal  distances  back  from  the  river 
throughout  the  entire  length  of  the  bottom-lands.  This  fact  tends  to 
show  that  the  quality  and  porosity  of  the  \xnderlying  porous  strata 
of  these  lands  are  not  materially  dift'erent  throughout  their  length. 
It  also  shows  that  there  is  no  substantial  flow  of  water  longitudinally 
through  the  porous  strata  forming  the  underground  reservoir  in 
question.  Therefore,  they  concluded  that  it  would  not  be  judicious 
to  provide  for  the  removal  of  ground-water  by  a  line  of  wells  at  right 
angles  to  the  river  bank.     This  is  shown  by  Figs.  3  to  10. 

The  records  obtained  by  Mr.  Kuowles  in  December,  1908,  show  that, 
even  when  less  than  350  000  gal.  per  24  hours  were  pumped  from  a 
12-in.  well,  the  water  level  was  lowered  in  the  well  about  13  ft.  with- 
out lowering  the  surface  materially  at  points  less  than  200  ft.  from 
the  well.  Furthermore,  this  cone  of  depression  had  its  apex  below 
the  surface  of  the  rock  on  which  the  sand  and  gravel  stratum  rests. 
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Figs.  3  to  10  show  surface  of  ground-water  each  day  at  the  stated  times,  from 
January  18th  to  February  10th,  1910,  inclusive,  during  the  pumping  of  the  12-in.        _ 

test  well  designated  as  Well  No.3,  and  drilled  by  Morris  Knowles  in  1908.    Pumping 

from  this  well  was  started  January  17th  and  continued  at  a  rate  of  about  460  000  gal. 

daily  until  February  2d  at  5  p.m., when  the  rate  was  increased  to  about  590  000  gal. 

daily.    Pumping  was  stopped  February  8th  at  2  p.m.    River  began  to  rise  about 
■  Tioon  January  27th.    Elevation  at  that  time  was  577.00 
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River  reached  its  highest  stage  on   this  day, but  ground -water 
continued  to  rise  until  January  24th.   See  diagram  of  that  date. 
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Ground-water  reached  its  greatest  height  on  this  day  although  river 
reached  its  highest  stage  about  noon.  January  21st,  three  days  before. 
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From  now  on  observe  the  gradual  flattening  of  the 
slope  of  the  ground-water  as  the  river  falls. 


600 


590 


580  .5; 


570 


500  .2 


550 


y    i4  V      \  J      /    X 


—1510 

L>400 


300  600  900  1200  1500  l.SOO 

Distance  from  River,  in  Feet. 
Fig-    7. 


2100 


^'^Js?^ 

^ 

FEBRUAF 

Y,  2D,  19 

10,  2   P.M 

1 

^ 

^^__ 

1 

Ohio     1 
River  [ 

u 



— "f 

"*" 

Ra 

3h 

e  of  pumj 
ours  later 

ing  at  this 
:he  rate  ws 

time  is  48( 
s  increase 

000  gallons 

1  to  590  000 

daily; 
gallons  da 

ily. 

,\  ^ 

..  S',','.;'^'.\'.-'°;\ 

?   ^  7 

\      f\ 

I^       ~~^ 

:M0  600  900  1200  1500 

Distance  from  River,  in  Foet. 
Fig.  8. 


1800 


2100 


600 


590 


580   S 


570  - 


Papers.] 


WATER    SUPPLY   OF   PARKERSBURG,   AV.    VA. 


45 


FEBRUARY, 


6TH,  191 


600 


590 


580   S 


570 


500.3 


By  atx)ut  this  date  the  water  that  ran  back  into  the  gri"avel, 
during  the  flood,  had  practically  all  run  out  again  and  the  ground 
water  sloped  naturally  towards  the  river,  instead  of  away  from 
it,  as  it  had  done  during  the  flood. 
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The  volume  of  water  which  could  be  pumped  from  this  well  at  the 
end  of  this  protracted  period  of  low  water,  therefore,  was  limited  by 
the  flow  which  could  reach  the  bottom  of  the  sand  and  gravel  strata 
at  any  given  location  for  the  removal  of  water ;  at  the  point  in  question 
the  limit  seemed  to  be  less  than  500  000  gal.  daily. 

These  data  led  to  the  conclusion  that  it  would  be  less  advantageous 
to  attempt  to  place  an  undergrouijd  collecting  gallery  at  or  near  the 
bottom  of  the  porous  strata  in  question  than  to  collect  water  by  a  series 
of  wells,  assuming  that  the  investment  cost  would  be  kept  at  about 
the  same  figure. 
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Taking  everything  into  account,  and  considering  only  the  geological 
conditions,  it  is  perfectly  clear  that  the  best  method  of  collecting  au 
underground  water  supply  from  the  district  in  question  would  be  by 
a  series  of  wells,  each  not  less  than  10  in,  in  diameter,  parallel  with 
the  river,  and  approximately  400  ft.  apart. 

Mr.  Knowles'  recommendation  for  a  line  also  perpendicular  to  the 
river  was  influenced  by  the  lay  of  the  land  which  was  being  given  to 
the  city  by  the  Senator  Camden  estate  provided  the  land  was  "used 
for  water-works  purposes. 
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Furthermore,  as  a  safeguard  during  protracted  periods  of  drought, 
it  was  the  opinion  of  Messrs.  Fuertes  and  Fuller  that  it  would  be 
wise  to  sink  these  wells  in  a  line  parallel  to  and  about  200  ft.  from 
the  bank  of  the  river,  rather  than  at  a  greater  distance,  and  not  at 
right  angles  thereto. 

Available  Quantity  of  Ground-Water. — The  investigations  of 
Messrs.  Fuertes  and  Fuller  showed  clearly  that,  during  high  and 
moderate  stages  of  the  Ohio,  a  supply  of  ground- water  ample  for  all 
needs  of  the  city  exists  in  the  porous  sand  and  gravel  layers  in  the 
bottom-lands  above  the  Camden  Farm.  ~ 

It  was  also  their  opinion  that  it  was  reasonably  certain  that,  at 
tlie  end  of  low-water  periods,  a  well-designed  system  of  wells  would 
provide  for  the  needs  of  the  city  for  some  time  to  come. 

To  obtain  a  supply  of  4  000  000  gal.  daily  from  wells,  it  would  be 
necessary  to  provide  at  least  ten  wells  of  the  size  and  positions  above 
mentioned;  and  further,  in  order  to  insure  this  volume  of  water  at 
the  end  of  protracted  periods  of  drought,  it  would  be  essential  to 
provide  a  plant  for  increasing  artificially  the  quantity  of  water  filtering 
in  from  the  river,  through  its  bottom  and  sides,  to  the  wells  in 
question.  Messrs.  Fuertes  and  Fuller  considered  it  possible  to  secure 
an  increase  of  infiltration  by  means  which  are  noted  subsequently  in 
describing  the  feasible  methods  of  securing  a  ground-water  supply 
under  local  conditions. 

Quality  of  Ground-Water. — During  the  Fuertes  and  Fuller  inves- 
tigations particular  attention  was  paid  to  the  quality  of  the  water, 
both  as  shown  by  the  results  of  analyses  of  samples  made  during  Mr. 
Knowles'  investigations,  and  also  of  analyses  of  samples  taken  during 
the  pumping  tests  and  analyzed  jointly  by  Professor  Merriam,  of 
Marietta,  and  by  Mr.  J.  R.  McClintock,  who  served  as  Resident 
Engineer  during  these  tests.  In  brief,  these  analyses  showed  a  water 
which  was  of  excellent  appearance,  and  satisfactory  in  every  way 
for  domestic  and  manufacturing  uses.  There  was  a  slight  tinge 
of  turbidity  in  the  well  water  when  examined  in  1-gal.  bottles,  but 
it  was  so  slight  that  it  would  not  be  noticed  in  a  tumbler.  At 
times  of  increasing  suddenly  the  rate  of  pumping,  or  on  starting 
up  the  pump  after  it  had  been  shut  down  for  a  few  minutes,  slight 
increases  in  the  turbidity  were  observed,  but  these  quickly  disappeared 
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All  samples  analyzed  were  tested  without  any  effort  to  eliminate  the 
slight  turbidity  mentioned. 

Briefly  stated,  the  bacteria  in  the  well  water  ranged  from  14  to  170, 
and  averaged  63  per  cu.  cm.  The  total  hardness  of  the  well  water 
ranged  from  76  to  98,  and  averaged  90  parts  per  million.  The  river 
water  samples  collected  on  the  same  days  showed  a  total  hardness 
ranging  from  52  to  71,  and  averaged  63  parts  per  million.  Corre- 
sponding figures  for  wells  in  the  Beechwood  district  were  88,  102,  and 
94,  respectively. 

Samples  of  well  water  taken  from  the  test  well  were  analyzed  care- 
fully for  iron,  and  found  to  contain  about  0.5  part  per  million.  There 
was  no  sign  of  this  iron  precipitating  out,  and  experience  elsewhere 
shows  that,  with  the  quantity  of  iron  above  stated,  difficulties  are  not 
encountered. 

Samples  of  water  taken  from  test  wells  contained  rather  objection- 
able quantities  of  iron  in  some  instances,  evidently  due  to  the  water 
dissolving  iron  during  long  intervals  of  standing  in  contact  with 
the  metal. 

Slightly  increased  quantities  of  iron  were  found  in  the  water  of 
the  well  at  the  steel  works,  but  not  to  an  objectionable  degree.  This 
greater  quantity  of  iron  is  explained  partly  by  the  flow  of  water 
through  a  long  line  of  pipe  and  partly  by  the  connection  which-  the 
well  has  \vith  underground  porous  strata  where  the  water  remains  in 
contact  with  pervious  layers  for  many  months  and  perhaps  years. 

Messrs.  Fuertes  and  Fuller,  taking  everything  into  consideration, 
had  no  hesitancy  in  stating  that  the  quality  of  the  water  from  the 
porous  sand  and  gravel  layers  of  the  bottom-lands  at  and  above  the 
Camden  Farm  is  thoroughly  satisfactory  for  domestic  and  manu- 
facturing purposes.  They  placed  the  water  from  such  wells  in  the 
same  general  class  as  filtered  water  obtained  from  a  properly  built 
and  well  operated  filter  plant  treating  water  from  the  Ohio  River  in 
the  vicinity  of  Parkersburg. 

'There  are  some  slight  differences  in  the  quality  of  the  water  from 
wells  and  from  filters,  the  principal  feature  of  which  would  be  the 
liardness  on  account  of  the  wells  yielding  water  coming  largely  from 
the  Ohio  River  at  times  when  it  is  in  flood  and  fairly  soft.  Messrs. 
Fuertes  and  Fuller  did  not  attach  much  importance  to  this  difference, 
because   ultimately,   during   low-water  periods,   the  well   water   would 
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also  have  its  source  in  the  Ohio.  So  far  as  quality  is  concerned,  they 
put  waters  from  filters  and  from  wells  in  the  vicinity  of  the  Camden 
Farm  on  a  parity.  However,  the  writer  is  somewhat  partial  to  the 
natural  water  when  equally  free  from  bacteria  and  other  objectionable 
qualities. 
Most  Practicable  Method  of  Securing  a  Ground- Water  Supply. 

Messrs.  Fuertes  and  Fuller  discussed  and  considered  from  various 
viewpoints  the  most  practicable  method  of  securing  a  ground-water 
supply,  and  their  conclusions  may  be  briefly  summed  up  as  follows. 

It  is  not  feasible  to  secure  a  municipal  water  supply  for  the  City 
of  Parkersburg  by  galleries  or  wells  running  at  right  angles  to  the 
Ohio  River. 

Wells  of  very  large  diameter,  or  timnels,  would  not  be  a  fruitful 
investment,  on  account  of  the  steep  slopes  of  the  cones  of  depression 
which  would  be  formed  around  the  points  of  withdrawal  of  water. 
Small  wells,  not  less  than  12  in.  in  diameter,  afford  by  far  the  best 
way  of  collecting  the  ground-water  supply  from  the  porous  sand  and 
gravel  layers  in  the  bottom-lands  at  and  above  the  Camden  Farm. 

These  wells  should  be  in  a  line  parallel  to  the  river,  about  400  ft. 
apart,  and  about  200  ft.  from  the  bank. 

A  deep  tunnel  for  receiving  the  flow  of  the  wells  is  far  less  expedient 
than  a  force  main  receiving  the  waters  from  individual  wells,  due  to 
the  expense  of  tunneling  at  the  depths  required,  and  other  local 
conditions. 

Description  of  Well-Water  System  as  Considered  by  Messrs. 
Fuertes  and  Fuller. 

The  studies  of  the  plant  necessary  to  carry  out  most  economically 
and  advantageously  the  methods  just  described  of  securing  a  ground- 
water supply  from  the  locality  in  question,  are  briefly  described  as 
follows. 

Extent. — Ten  wells  should  be  established,  in  a  line  extending  along 
the  river  front,  approximately  200  ft.  from  the  bank,  and  400  ft.  apart. 

Location. — As  the  well  layout  would  cover  about  4  000  ft.,  it  is 
not  feasible  to  place  all  the  wells  on  the  Camden  Farm,  or,  in  fact, 
all  below  the  Steel  Works,  as  the  porous  underground  strata  do  not 
extend  a  sufficient  distance  down  stream.  It  is  assumed,  therefore, 
that  the  well  plant  will  extend  to   above  the  Parkersburg  Iron  and 
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Steel  Works.  Prudence,  however,  would  suggest  that  they  should 
not  reach  above  the  lower  end  of  Neal's  Island,  on  account  of  the 
shallowness  of  the  channel  east  of  that  island,  the  absence  of  securing 
velocities  therein,  and  the  imperviousness  of  the  stream  bed. 

Wells. — It  is  contemplated  to  sink  shafts  7J  ft.  in  diameter,  brick 
lined,  and  40  ft.  deep,  or  down  to  the  top  of  the  porous  sand  and 
gravel  layer,  in  each  there  should  be  a  cased  well,  12  in.  in  diameter 
with  a  brass  strainer  for  a  length  of  at  least  20  ft.  at  the  lower  end. 
This  12-in.  pipe  would  be  connected  with  a  centrifugal  pump  placed 
at  the  bottom  of  the  YJ-ft.  shaft,  the  masonry  wall  of  which  would 
be  extended  up  to  above  extreme  high  water,  some  12  ft.  above  the 
ground  level  in  this  locality. 

Comparison  of  Well-Water  Supply  with  Filtered  Supply  from  the 

Ohio  Eiver. 

In  the  report  of  Messrs.  Fuertes  and  Fuller  comparative  estimates 
of  cost  were  given,  both  for  the  well-water  supply  and  filtered  river- 
water  supply  to  provide  an  average  daily  yield  of  4  000  000  gal.  and 
be  capable  of  supplying  water  for  short  periods  at  a  maximum  rate 
of  6  000  000  gal.  per  24  hours. 

In  substance,  this  report  stated,  on  the  basis  of  figures  detailed 
therein,  that  the  cost  of  construction  and  of  operation  of  a  first-class 
well  system  and  a  first-class  filter  system  at  the  Camden  Farm  site 
were  substantially  on  a  parity  as  to  the  quality  of  water  and  as  to 
the  cost,  both  of  construction  and  of  operatioji,  and  that  either  plant 
could  be  depended  on  to  supply  such  quantity  of  water  as  would  be 
needed  by  the  City  of  Pnrkersburg  for  some  years  to  come.  Mention 
is  to  be  made  of  the  fact,  with  reference  to  the  well-water  supijly, 
that  the  estimates  of  cost  include  a  suitable  charge  for  land  required 
to  insure  the  adequacy  of  the  system. 

Further,  the  report  stated  that,  by  placing  the  filter  plant  nearer 
the  site  of  the  present  i)umping  station,  the  investment  cost  could 
be  made  less  for  the  filter  plant,  but  with  no  substantial  difference 
in  operating  and  maintenance  expenses  between  either  plant  at 
either  site.  The  report  finally  recommended  that  all  interests  of  the 
city  would  be  best  served  by  the  establishment  of  a  filter  plant,  near 
the  site  of  the  then  existing  water-works  pumping  station,  to  supply 
the  city  with  properly  filtered  Ohio  River  water. 
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Smith  Infiltration  System. 

An  injunction  suit,  as  already  stated,  prevented  the  city  officials 
from  acting  independently  of  the  full  Water- Works  Commission  in 
building  the  proposed  filtration  system,  as  above  recommended.  Then, 
at  the  request  of  various  prominent  citizens  of  Parkersburg,  the  Smith 
system  came  up  for  consideration. 

In  May,  1910,  Mr.  Samuel  M.  Gray,  reported  on  water-works  im- 
provements with  special  reference  to  the  so-called  Smith  strainer- 
pipe  system  of  filtration,  his  conclusions  in  brief  being  as  follows: 

1. — This  system,  under  local  conditions,  is  both  feasible  and  prac- 
ticable for  furnishing  an  ample  supply  of  water  of  suitable  quality 
for  the  present  needs  of  the  city. 

2. — If  properly  built  and  operated,  this  system  will  furnish  water 
of  a  better  quality  than  a  mechanical  filter  plant,  as  regards  steam- 
raising  purposes,  on  account  of  the  slight  increase  in  permanent  hard- 
ness which  is  caused  by  the  use  of  a  coagulant. 

3. — Though  higher  in  first  cost  than  a  mechanical  filter  plant,  the 
operating  cost  of  the  Smith  system  would  be  materially  less,  amply 
so,  in  fact,  to  warrant  the  higher  first  cost. 

4. — That  water  from  the  proposed  driven  wells  would  be  inferior 
in  quality  to  that  from  the  Smith  system,  and,  further,  that  such  wells 
would  be  very  likely  to  lessen  in  yield  in  course  of  time,  and  the 
water  grow  harder  and  contain  more  iron,  with  also  the  possibility  of 
local  contamination  from  surface  sources. 

On  considering  this  matter  further,  Mr.  Gray  modified  the  detailed 
plans  by  recommending  that  the  infiltration  system  should  be  divided 
into  five  units,  with  a  separate  suction  pipe  for  each  unit.  The 
advantage  of  this  was  to  facilitate  back-flushing  of  the  sand  overlying 
the  respective  units  of  pipe  manifold  systems,  and  for  making  repairs 
and  renewals  without  affecting  seriously  the  service  to  the  city.  This 
recommendation  was  authorized,  and,  for  the  sake  of  economy,  it  was 
decided  to  abandon  the  so-called  Camden  Farm  site  and  build  a  new 
pumping  station  on  the  river  bank  nearest  the  site  selected  for  the 
infiltration  system  in  order  to  economize  in  the  cost  of  suction  pipe. 
The  relative  locations  are  shown  on  Fig.  1. 

Mr.  Gray  suggested  using  a  greater  length  of  slightly  smaller 
strainer  tubes,  in  order  to  increase  the  strainer  surface.     He  also  pre- 
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pared  the  plans  and  specifications  for  the  construction  of  the  infiltra- 
tion system,  as  well  as  for  other  improvements  to  the  water-works  plant. 
Contracts  were  then  let  for  the  infiltration  system,  and  the  work 
progressed  to  completion  under  the  direction  of  Mr.  Gray  and  accord- 
ing to  the  plans  and  specifications  prepared  by  him.  Mr.  W.  G. 
Wheelock  was  Resident  Engineer. 

Unusual   Features   of  the   Contract  for  the   Smith   Infiltration 

System. 

As  there  had  been  considerable  skepticism  regarding  the  successful 
working  of  the  Smith  system,  no  similar  works  of  comparable  size 
having  been  in  operation,  the  contract  was  made  unusually  exacting. 
Only  45%  of  the  value  of  work  done  was  paid  on  monthly  estimates, 
the  remainder  being  retained  until  30  days  after  the  test  period  of 
364  days  after  the  beginning  of  successful  operation,  as  guaranteed. 
The  contractor  made  the  following  guaranties  for  the  system: 

1. — The  capacity  to  be  170  000  gal.  per  hour; 

2. — The  supply  to  be  satisfactory,  to  the  Water- Works  Commission 
and  the  Board  of  Affairs,  for  domestic  and  industrial  uses; 

3. — The  water  to  be  of  pleasing  appearance,  practically  clear  and 
colorless,  and  to  contain  not  more  than  5  parts  per  million 
of  turbidity; 

4. — With  3  000  bacteria  per  cu.  cm.  in  the  raw  water  (or  higher), 
the  filtered  water  to  contain  not  more  than  3%  of  that  num- 
ber ;  with  less  than  3  000  per  cu.  cm.  in  the  raw  water,  the 
filtered  water  to  contain  not  more  than  100  per  cu.  cm.; 
counts  to  be  on  agar  plates  incubated  at  20°  cent.,  for  48 
hours ; 

5. — Filtered  water  to  contain  on  an  average  not  more  than  30 
parts  per  million  of  total  hardness  in  excess  of  Ohio  River 
water ; 

6. — Iron  in  solution  not  to  exceed  0.7  part  per  million; 

7. — The  foregoing  requirements  to  be  shown  by  daily  tests  cover- 
ing a  period  of  364  days  from  the  date  of  beginning  operation. 

In  case  of  failure  to  comply  with  the  guaranty,  the  city  was  under 
no  obligation  to  pay  the  retained  55%,  and  the  completed  plant  was  to 
become  the  property  of  the  city. 


54  WATER  SUPPLY  OF  PARKERSBURG,  W.    VA.  [Papers. 

The  contractor  was  required  to  maintain  the  plant  in  good  con- 
dition and  thorough  repair  until  acceptance. 

Construction  Details  of  the  Smith  Infiltration  System. 

Under  the  contract,  three  units  were  completed  and  put  in  service 
on  November  12th,  1911.  The  other  two  units  were  completed  and 
put  in  service  on  December  15th,  1912.  The  plant  has  been  in  con- 
tinuous operation  ever  since,  except  for  4  days  during  a  flood  which 
broke  the  former  highest  record  by  5  ft.,  and  thereby  partly  submerged 
the  boilers  and  engines. 

Fig.  13  shows  the  arrangement  of  the  pipes  in  the  infiltration 
system,  and  illustrates  the  appearance  of  the  units  while  being  laid. 

The  site  of  the  plant  is  on  the  lower  end  of  the  bar  at  the  foot 
of  Vienna  Island,  at  a  point  where  the  natural  top  of  the  bar  forming 
the  bed  of  the  river  is  about  1  ft.  below  the  low-water  level.  By 
inquiry,  and  the  examination  of  Government  hydrographic  maps  made 
about  10  years  previous  to  the  preparation  of  the  plans,  it  was  con- 
cluded that  this  bar  had  been  practically  stable  for  many  years. 

The  system  of  five  units  of  filters  was  placed  by  using  two  coffer- 
dams of  the  ordinary  box  type  common  on  the  Ohio  River  lock  and 
dam  construction;  and  the  suction  pipes  to  the  power-house  were 
laid  in  an  open  trench,  with  the  excavated  material  banked  on  each 
side.  The  work  was  done  during  the  low- water  seasons  of  1911  and 
1912,  with  the  top  of  the  coffer  from  7  to  8  ft.  above  low  water. 

At  this  point  the  fluctuation  of  the  water  is  about  58  ft.,  and  stages 
up  to  40  ft.  are  of  annual  occurrence.  Coffer  No.  1,  enclosing  Units 
1  to  3,  was  built  and  removed  in  1911,  and  Coffer  No.  2  in  1912. 

In  the  unwatered  coffer  the  excavation  for  the  pipes  was  made 
to  5^  ft.  below  low,  water.  On  the  floor  thus  formed  a  6-in.  layer 
of  gravel  was  placed,  on  which  the  pipes  were  laid  and  covered  with 
12  in.  of  gravel;  on  the  gravel  a  3^-ft.  layer  of  clean  washed  sand 
was  laid,  bringing  the  top  of  the  sand  to  within  about  6  in.  of  the 
low-water  line,  or  a  few  inches  higher  than  the  natural  surface  of 
the  bar. 

The  infiltration  system  of  five  units  thus  formed  is  110  ft.  wide 
and  656  ft.  long  (1.65  acre),  and  i?  5  ft.  deep.  The  gravel  was  the 
washed  and  screened  Ohio  River  product  which  passed  a  li-in.  mesh, 
and   with   the   sand   removed.      The   sand   was   taken   from   the   Ohio 
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River  and  washed,  and  is  fairly  sharp  and  coarse.  The  filter 
thus  constructed  lies  in  a  natural  bed  of  sand  of  great  dimensions, 
as  described  previously.  It  is  the  writer's  opinion  that  a  very  large 
percentage  of  the  water  drawn  is  taken  from  the  sand  bed,  possibly 
a  larger  part  than  that  from  the  open  river. 

Each  unit  of  the  filter  system  contains  32  brass  strainer  pipes, 
16  ft.  long  and  5  in.  in  diameter,  or  160  pipes  in  the  five  units.  Each 
pipe  is  perforated  with  9  400  V-shaped  slots.  If  in.  long  and  about 
^"0  in.  wide. 

From  each  unit  to  the  gate-chamber  there  is  an  18-in.  cast-iron 
suction  pipe,  each  of  these  pipes  forming  a  small  reservoir.  They  are 
connected  with  the  pumps  by  one  24-in.  cast-iron  suction  pipe.  This 
arrangement  prevents  serious  trouble  by  the  production  of  a  vacuum 
in  the  suction  pipes,  with  the  resulting  flow  through  the  filtering 
material  at  an  undesirably  rapid  rate. 

Cost  of  the  Smith  Infiltration  System. 
The    cost   of    the    complete    water-works    improvements,    including 
the  infiltration  system,  is  indicated  in  the  following  statement : 

Water-Worls  Construction  Fund. 
Contracts  Nos.  1  and  2: 

New  mains  including  laying $45  626.15 

Connecting  service  pipes  to  new  lines.  ..  .       2  883.91 

$48  510.06 

Valves  and  hydrants 5  936.53 

Pumps    32  442.30 

Boilers 8  055.30 

Pump  well 21  556.67 

Pumping    station.  . . , 11  441.32 

Brick    chimney 1  374.43 

Laying  pipe    (force  main) 5  021.27 

Pipe  and  castings   (force  main) 15  987.01 

Valves,  etc.  (not  covered  by  No.  3) 2  394.63 

Infiltration  system 80  700.03 

Venturi    meter 772.10 

Electric  light  plant 1  963.81 

Plumbing  and  heating 555.72 

Stand-pipe    2  029.65 

Carried  forward $238  730.83 
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Brought  forward $238  730.83 

Pumping  statiou  lot $1  700.00 

Expense,   sale  of  bonds 9  131.30 

Tests  for  water  supply 2  435.20 

Kefund   to   watei'-works   fund,    on   account   of 
preliminary   engineer's   report,    test   wells, 

etc 5  000.00 

— 18  266.50 

Amount  paid  to  engineers: 

Preliminary  reports  and  well  tests 10  419.39 

Design  and  supervision  of  construction 11  801.92 

Miscellaneous  expenses,  Watei--Works  Commission, 
Not  chargeable  to  above  items: 

Office  rent  and  expenses,  clerk.  Dr.  L.  O.  Rose  testing 
water,  electric  wiring  to  pumping  station,  and 
miscellaneous  expenses 4  052.58 

$284  171.22 
Cash  balance,   January  31st,   1914 2  658,76 


$286  829.98 


The  cost  of  operation  is  indicated  by  the  following: 
For  the  fiscal  year,  July  1st,  1912,  to  June  30th,  1913 : 

Salaries  and  wages  at  pumping  station $5  541.00 

Fuel  at  pumping  station 3  319.61 

Oil,  packing,  etc.,  at  pumping  station 889.76 

Repairs  and  improvements  at  pumping  station 2  142.09 


$11  892.46 

Average  pumpage  per  day 2  955  000  gal. 

Total  pumpage  for  year 1  078  675  000  gal. 

Cost $11.03  per  million  gallons. 

The  records  for  1914  and  1915  show  a  slight  reduction  in  this  cost. 

The  expense  of  operating  the  filters  in  1915,  including  flushing 
the  five  units  73  times,  is  estimated  by  the  Superintendent's  office  as 
$673.     The  average  quantity  of  water   used  for  each  unit  at  each 
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flushing  is  40  000  gal.  Although  the  tank  capacity  is  60  000  gal.,  it 
is  the  custom,  in  operation,  to  use  40  000  gal.  at  each  flushing.  The 
cleaning  and  flushing  is  practically  all  the  expense  which  has  been 
incurred  in  excess  of  pumping  out  of  the  open  river.  The  time 
required  to  pass  the  40  000  gal.  through  a  filter  is  from  15  to  20  min. 
When  pumping  out  of  the  open  river  with  the  old  plant,  some 
trouble  was  caused  by  ice,  leaves,  etc.,  but  it  is  believed  that  the  cost 
of  pumping  from  the  filters  and  keeping  them  cleaned  is  no  greater 
than  that  of  pumping  from  the  open  river. 

The  maximum  pumped  in  one  week  in  1915  averaged  3  760  000 
gal.  per  day  and  154  16G  gal.  per  hour.  For  2  weeks  after  the  great 
flood  of  1913,  the  average  pumpage  and  consumption  exceeded  5  500  000 
gal.  per  day. 

The  water  has  shown  a  little  turbidity  about  three  times,  at  river 
stages  of  about  45  ft.  The  writer  has  observed  turbidity  in  that  drawn 
from  his  service  pipes  only  once. 

From  May  1st,  1913,  to  January  31st,  1914,  daily  tests  of  the  water 
were  made  under  the  direction  of  the  Commission  by  Dr.  L.  O.  Rose 
in  his  laboratory  at  Parkersburg,  and  report  thereof  is  shown  in  part 
in  Appendix  I.  This  report  shows  that  the  quality  of  the  water 
produced  by  the  filters  conformed  in  every  respect  with  the  terms 
of  the  contract. 

From  time  to  time  since  making  this  series  of  daily  tests.  Dr.  Kose 
has  made  tests  of  the  water,  and  the  data  obtained  by  him  for  the 
calender  year,  1915,  are  included  in  the  Appendix.  The  water  has 
been  tested  by  numerous  others,  but  the  writer  did  not,  until  the 
summer  of  1916,  hear  of  a  report  indicating  that  it  is  not  as  good  as 
required  under  the  contract. 

A  recent  report  of  it,  prepared  for  the  City  of  Wheeling,  W.  Ya., 
has  questioned  its  being  of  the  highest  standard.  Since  March,  1916, 
samples  of  water  have  been  shipped  monthly  to  the  West  Virginia 
State  Bacteriologist,  at  Morgantown,  W.  Va.,  for  test.  Of  about 
14  shipments,  several,  when  tested  after  standing  a  day  or  more,  have 
been  reported  ''unsafe".  From  February  15th  to  October  27th,  J  916, 
Dr.  Rose  tested  38  samples  and  found  hacilli  coli  present  in  11,  and 
absent  in  all  the  others.  For  each  of  these  11,  2  tests  were  made  of  1  cu. 
cm.  and  10  cu.  cm.  each.  In  3  of  the  samples  coU  were  present  in  both 
tests,  and  in  the  other  7,  it  was  absent  in  the  1  cu.  cm.     Of  the  other  27 
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samples,  the  two  tests  were  made  for  19  of  them  and  only  the  smaller 
quantity  for  the  other  8.  i 

On  account  of  these  reports,  early  in  September,  1916,  Mr.  Gray 
was  engaged  to  have  all  the  filter  beds  examined  and  cleaned.  He 
assigned  G.  H.  Leland,  M.  Am.  Soc.  C.  E.,  to  carry  out  this  work 
personally  and  Mr.  Leland  was  engaged  in  doing  this  for  nearly  a 
week.  The  wi-iter  spent  several  hours  with  him  on  his  second  day 
of  inspection.  At  several  places  there  were  holes  in  the  sand  and 
gravel  covering.  The  holes  were  from  5  to  10  ft.  in  diameter,  and 
were  formed  like  craters.  They  extended  down  to  within  1  or  2  ft. 
of  the  level  of  the  brass  strainer  pipes.  The  work  done  under  Mr. 
Leland's  supervision  consisted  of  stirring  the  deposit  on  top  of  the 
filter  beds  with  a  powerful  force  pump,  at  the  same  time  giving 
each  section  numerous  back-flushings,  and  thereafter  filling  the  holes 
with  fresh  gravel  and  sand.  In  the  10  samples  tested  by  Dr.  Rose 
since  that  work  was  done,  no  coli  were  found.  Of  these  4  were  tested 
in  both  1  cu.  cm.  and  10  cu.  cm.,  as  previously  explained,  and  the  other 
0  in  only  the  smaller  quantity. 

The  writer  is  of  the  opinion  that  tests  should  be  made  at  regular 
intervals,  weekly  or  more  frequently;  but,  on  account  of  the  confidence 
in  its  quality,  it  appears  that  such  an  important  work  to  safeguard 
the  health  of  the  community  has  not  been  done  regularly. 

Under  date  of  June  10th,  1913,  Mr.  I.  L.  Birner,  Bacteriologist, 
certified  to  Contractor  Smith,  after  a  series  of  tests  in  a  laboratory 
at  the  pumping  station,  that: 

"An  examination  of  the  results  of  400  separate  analyses  of  the 
filtered  water  at  the  Parkersburg  filtration  plant,  made  between  Janu- 
ary 23d  and  June  4th,  1913,  covering  a  widely  varying  set  of  conditions, 
from  a  river  stage  at  5.8  to  58.9  ft.,  and  with  a  river  turbidity  varying 
between  the  extreme  limits  of  15  and  1  950  parts  per  million,  shows 
a  clear  water,  with  an  average  total  hardness  of  10.5  parts  per  million 
in  excess  of  the  river  water ;  the  total  iron  in  solution,  of  the  filtered 
water,  was  0.19  of  one  part  per  million,  against  an  average  of  5  to  16 
parts  in  the  river,  and  a  bacterial  removal,  or  bacterial  efficiency, 
of  98.28  per  cent." 

Until  recent  years  an  accurate  count  of  typhoid  cases  in  the  city 
has  not  been  available.  However,  the  public  impression  is  that, 
previous  to  1912,  the  yearly  number  was  comparatively  very  large. 


G<?  WATER   SUPPLY   OF  PARKERSBURG,   W.    VA.  [Papers. 

For  1915  there  were  twenty-two  cases  which  started  in  the  city  and 
ten  cases  which  were  brought  in  after  illness  commenced,  making 
thirty-two  cases  in  all.  Of  the  twenty-two,  three  were  traced  to  a 
well,  three  were  railroad  employees,  and  one  was  a  United  States 
Clerk,  and  these  men  were  out  of  the  city  much  of  their  time. 

Dr.  Stone,  the  City  Health  Officer  in  1914,  informed  the  writer 
that  all  the  typhoid  cases  in  the  city  that  year  except  four  were 
traced  definitely  to  other  causes  than  the  city  water. 

Dr.  Rose  has  stated  that  not  one  recent  case  of  typhoid  has 
been  proved  to  have  come  from  the  city  water  supply,  and  this  report 
is  confirmed  by  Mr.  Nearn,  City  Health  Officer,  whose  present  duty 
includes  an  investigation  of  the  cause  and  history  of  all  such  cases. 
However,  the  monthly  reports  of  typhoid  cases  in  1916  show  a  little 
higher  numbers  than  for  1915. 

Thus  far,  the  system  has  been  entirely  satisfactory  to  the  citizens. 
Its  success  has  been  fully  equal  to  the  most  sanguine  hopes  of  the 
writer  when,  as  a  commissioner,  he  voted  for  its  adoption.  However, 
he  realizes  that  the  experimental  stage  is  not  past. 

Three  units  are  now  ending  their  fifth  year  of  service,  and  the 
other  two  their  fourth,  with  comparatively  little  indication  of  failure 
in  quantity,  or  in  the  quality  of  the  water. 

However,  the  writer  knows  that  it  is  only  a  question  of  years 
when  the  sand  and  gravel  over  the  strainer  pipes  will  have  to  be 
replaced  by  fresh  cleau  gravel  and  sand;  the  principal  question  being 
the  number  of  years  before  this  will  become  necessary  in  order  to 
maintain  the  good  quality  of  the  water.  He  is  also  impressed  with 
the  great  imix)rtance  of  vigilance  and  care  in  its  operation,  and  of 
systematic  daily  or  weekly  tests  of  the  water. 
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APPENDIX     I 

Report  of  Te.st.s  of  the  WjVter  from  the  Filtr.-vtion  Pl.-mst  .\nd  thk 

Ohio  River,  for  January,  1914. 

Bv  LoNzo  O.  Rose,  M.  D.,  P.arkkusblk(!,  W.  Va. 

The  results  are  given  in  parts  per  million. 
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Keport  of  Tests  of  the  Water  from  the 
Ohio  Kiver,  for  January,  1914 
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APPENDIX    II 

Reports  of   Bacteriological  Tests  of  Water  of  the  Parkersblrg 

Water-Works  for  the  Year  1915. 

By  Lonzo  O.  Eose,  M.  D. 
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DISCUSSION  ON 
FLOODS  AND  FLOOD  PREVENTION* 


By  C.  McD.  Townsend,  M.  Am.  Soc.  C.  E.f 


C.  McD.  Townsend,:}:  M.  Am.  Soc.  C.  E.  (by  letter). || — In  submit- 
ting a  closure  to  the  discussion  of  the  Report  of  the  Special  Com- 
mittee on  Floods  and  Flood  Prevention,^  the  writer  has  been  impressed 
with  the  force  of  Bishop  Warburton's  remark  that  "Orthodoxy  is  my 
doxy".  There  is  a  tendency  by  various  members  of  the  Society  to 
criticize  the  Committee  for  not  giving  special  emphasis  to  the  par- 
ticular "ism"  they  advocate,  without  giving  due  consideration  to  the 
difficulties  of  formulating  any  report  on  which  the  Committee 
could  agree. 

The  subjects  which  were  before  the  Committee  have  been  dis- 
cussed for  many  years,  and  most  of  its  members  had  positive  convic- 
tions which,  if  each  had  insisted  on  expressing,  would  have  led  to  as 
many  reports  as  there  were  members.  A  series  of  such  essays  would 
not  have  had  much  weight  with  legislators  or  the  general  public.  Mr. 
Leighton  lays  particular  stress  on  the  necessity  of  engineers — and  par- 
ticularly of  this  great  national  society  of  civil  engineers — influencing 
legislation.  The  only  way  such  results  can  be  obtained  is  by  united 
action.  It  became  necessary,  therefore,  for  the  Committee  to  seek 
some  common  ground  on  which  its  members  could  agree.  It  was  the 
realization  of  the  necessity  of  adjusting  divergent  views,  if  results  of 


*  Discussion  of  the  Progress  Report  of  the  Special  Committee  on  Floods  and  Flo\)d 
Prevention  for  1915,  continued  from  September,  1916,  Proceedings. 

t  Closing  discussion. 

t  St.  Louis,  Mo. 
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Mr.  value  were  to  be  obtained,  not  the  shirking  of  duty,  which  led  the  Com- 
mittee to  make  the  safe  and  conservative  report  which  Mr.  Leighton 
criticizes. 

Others  criticize  the  report  because  it  does  not  discuss  the  subject 
in  sufficient  detail.  This  phase  of  the  subject  was  considered  by  the 
Committee,  and  it  was  found  that  the  territory  is  so  vast,  the  problems 
arising  in  various  sections  of  the  country  so  different,  that  either 
general  principles,  alone,  could  be  enunciated,  or  a  treatise  of  inter- 
minable length,  based  on  incomplete  data,  would  have  resulted.  A 
brief  report,  therefore,  was  agreed  upon,  leaving  to  the  members  the 
privilege  of  elaborating,  in  the  discussion,  such  details  as  they  con- 
sidered advisable. 

The  science  of  river  hydraulics  is  not  in  such  a  nebulous  condition 
.as  Mr.  Eakin  appears  to  think,  nor  does  the  river  engineer  have  to  be 
guided  solely  by  the  classic  work  of  Humphreys  and  Abbot.  Although, 
possibly,  American  engineers  have  not  investigated  sufficiently  the 
laws  governing  the  flow  of  rivers,  those  of  Europe  have  given  the  sub- 
ject profound  study.  The  researches  of  Fargue  on  the  Loire,  Girardon 
on  the  Rhone,  Liliavski  on  the  Dnieper,  Hagen,  Schlichting,  and 
Jasmund  on  the  rivers  of  Germany,  and  others,  have  revolutionized 
the  science  in  recent  years.  Moreover,  the  Committee  was  not 
appointed  to  write  a  treatise  on  river  hydraulics,  and  could  assume 
that  the  rudimentary  laws  governing  the  flow  of  water  in  rivers  were 
known  to  members  of  the  American  Society  of  Civil  Engineers.  It 
is  evident  from  the  discussion,  however,  that  many  do  not  realize  suf- 
ficiently the  differences  between  the  laws  governing  the  flow  of  water 
in  pipes,  sewers,  and  other  channels  having  an  immovable  bed,  and 
those  which  govern  the  flow  in  a  stream  having  a  bed  which  fills  or 
scours  with  changes  in  velocity.  Van  Ornum's  "Treatise  on  the 
Regulation  of  Rivers"  and  the  second  edition  of  Thomas  and  Watt's 
^'Improvement  of  Rivers"  throw  considerable  light  on  the  subject, 
and  are  more  suitable  sources  from  which  to  seek  information  than  a 
report  on  Flood  Prevention. 

In  the  minority  report,  a  similar  assumption  is  made.  Although 
the  majority  of  the  Committee  states  that  the  physical  data  are  lack- 
ing on  many  streams  to  enable  them  to  solve  the  problem  of  flood 
control  properly,  they  are  not  prepared  to  admit  that  "extensive 
studies  are  needed  regarding  the  physical  and  physiographic  laws 
affecting  stream  loads,  rate  of  transportation  and  deposition  and  the 
variation  of  these  factors  with  different  conditions"  before  they  can 
solve  the  problem  if  the  physical  data  are  supplied. 

It  is  so  self-evident  that,  at  such  times  as  the  ground  is  frozen  and 
trees  are  without  foliage,  these  conditions  prevent  the  utilization  of 
reforestation  or  ground  storage,  that  there  is  no  necessity  of  making 
such  a  statement  in  a  report.     The  point  the  majority  of  the  Com- 
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mittee  makes  is  that,  if  floods  occur  under  such  conditions,  there  is       Mr. 
no  need  of  discussing  the  effects  of  reforestation  or  ground  storage.  '^°""^^'^''- 
It  would  be  just  as  pertinent  to  investigate  the  porosity  of  the  soil 
under  an  asphalt  pavement  when  designing  a  sewer  to  carry  the  water  • 

which  flows  over  its  surface. 

It  is  the  writer's  opinion  that  all  investigations  of  the  absorptive 
powers  of  different  varieties  of  vegetation  and  the  percolation  through 
different  kinds  of  soils  are  more  valuable  for  studying  problems  of 
irrigation  and  drainage  than  those  of  flood  control.  Though  it  is  con- 
sidered perfectly  feasible  to  measure  these  elements  within  a  limited 
area  and  for  a  single  river,  the  writer  agrees  with  Gen.  Chittenden 
that  a  determination  for  one  situation,  or  season,  or  stream,  would 
never  apply  reliably  to  any  other.  Moreover,  to  determine  absorption 
of  soils,  it  is  necessary  first  to  measure  the  run-off.  When  the  discharge 
of  a  stream  is  determined,  it  is  of  no  particular  value  to  the  problem 
of  flood  control  whether  the  remainder  of  the  rainfall  has  disappeared 
by  evaporation  or  soil  absorption. 

The  writer  has  recently  investigated  floods  in  Kansas,  and  they 
afford  a  pertinent  illustration  of  this  principle.  During  the  summer 
the  soil  of  Kansas  provides  a  reservoir  of  enormous  capacity,  having  a 
power  of  absorption  which  has  been  approximately  measured  by  the 
Geological  Survey.  When  the  soil  is  prepared  to  receive  it,  a  heavy 
rainfall  will  be  accompanied  by  an  exceptionally  small  run-off,  but 
such  conditions  are  of  no  value  in  determining  flood  prevention,  as 
violent  floods  do  not  then  occur.  The  floods  in  Kansas  arise  either 
from  storms  in  February  or  March,  when  the  ground  is  frozen  and 
cannot  absorb  moisture,  or  in  summer  from  a  second  storm  which 
sweeps  over  the  country  within  a  few  days  after  the  reservoir  capacity 
has  been  exhausted  by  a  preceding  rain.  The  run-off  during  ordinary 
conditions  does  not  enter  into  the  problem. 

The  majority  report  emphasizes  the  fact  that  reservoirs  cannot  be 
utilized  simultaneously  to  reduce  floods,  to  regulate  the  low-water  dis- 
charge, and  to  increase  the  water-power  that  can  be  developed.  The 
minority  report  seeks  to  minimize  the  effect  of  this  statement. 

There  have  been  constructed  at  the  head-waters  of  the  Mississippi 
Eiver  a  series  of  reservoirs  primarily  to  increase  its  low-water  flow. 
The  practical  manipulation  of  these  reservoirs  forcibly  illustrates  the 
necessity  of  the  remarks  in  the  majority  report.  Those  who  have 
meadows  below  the  reservoirs  demand  that  the  flow  be  regulated  so  as 
not  to  interfere  with  their  hay  crop,  those  who  raft  logs  want  sufficient 
current  to  assist  their  business,  and  those  who  control  water-power 
want  a  constant  flow;  in  times  of  floods,  those  living  above  the  dams 
are  insistent  that  the  gates  be  opened  so  as  to  reduce  gauge  heights  on 
the  upper  river,  and  those  below  demand  that  the  gates  be  closed  to 
protect  their  property  from  overflow. 
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Mr.  The  statement  that  levees  increase  the  reservoir  capacity  of  the 

river  channel  appears  to  require  further  explanation.  The  construc- 
tion of  levees  has  increased  flood  heights  on  the  Mississippi  River 
between  Cairo  and  New  Orleans  from  6  to  10  ft.,  and,  as  the  levees  are 
several  miles  apart,  there  is  an  enormous  increase  in  the  channel 
capacity  during  floods  in  this  distance  of  1  000  miles.  As  an  illustra- 
tion, the  channel  capacity  above  the  overflow  stage  is  given  and  com- 
pared with  that  of  the  Roosevelt  Dam,  but,  as  Gen.  Chittenden  states, 
the  channel  capacity  of  a  river  is  by  no  means  comparable  in  effect 
with  that  of  a  reservoir.  The  slope  of  the  river  is  an  important  factor 
in  the  problem.  The  greater  the  slope  the  less  being  the  influence  of 
the  channel  capacity  on  flood  heights;  but,  under  favorable  conditions, 
its  influence  is  very  large.  Notwithstanding  the  inflow  of  tributaries, 
the  maximum  discharge  of  the  Mississippi  River  at  Vicksburg  rarely 
equals  that  at  Cairo,  nor  at  New  Orleans  that  below  Red  River 
Landing. 

The  straightening  of  a  river  has  been  a  subject  of  discussion  by 
European  engineers  for  many  years.  Prior  to  1890,  German  engineers 
generally  adopted  the  idea  that,  in  improving  rivers  for  navigation, 
the  channel  should  be  given  a  iiniform  width,  bends  should  be 
eliminated,  or  at  least  be  given  as  gentle  a  curvature  as  practicable, 
and  the  river  forced  to  a  uniform  slope,  the  natural  gentle  slope  in 
pools  in  some  cases  being  destroyed  by  submerged  dikes  extending  out 
from  the  concave  banks.  The  improvement  of  the  Rhine,  cited  by 
Mr.  Grunsky,  and  that  of  the  Danube,  cited  by  Gen.  Chittenden,  are 
examples  of  this  type  of  improvement.  It  was  also  adopted  by  the 
Missouri  River  Commission  for  that  portion  of  the  Missouri  River 
between  Jefferson  City  and  the  Gasconade. 

Difficulties,  however,  were  experienced  with  this  method  of  improve- 
ment. No  matter  how  much  care  was  exercised,  the  slopes  through 
the  improved  reach  could  not  be  maintained  as  designed.  At  the 
upper  portion,  the  water  surface  was  gradually  lowered,  and  a  bar  as 
invariably  formed  below  it;  an  improvement  in  navigation  was  created 
through  the  reach,  but  the  channel,  both  above  and  below,  had  less 
depth  than  existed  formerly. 

In  a  paper  presented  to  the  International  Navigation  Congress  of 
1894,  on  the  "Improvement  of  the  Rhone",  M.  Girardon  called  atten- 
tion to  these  difficulties,  citing  as  an  example  the  portion  of  the 
Rhone  called  the  Canal  de  Miribel. 

He  states:* 

"The  works  were  carried  out  according  to  this  programme  and 
finished  in  1857;  the  resulting  improvement  was  very  evident  and  the 
navigation,  in  place  of  the  continual  uncertainty  in  which  this  pas- 
sage left  it,  found  in  the  canal  of  Miribel  a  channel  easy  to  follow  and 

♦  Official  Translation  of  the  Congress,  pp.  27  to  29. 
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of  sufficient  depth  at  any  time  of  year.  For  several  years  this  irnprove-  mi. 
ment  appeared  to  be  the  only  result  of  the  works  and  nothing  indicated  Townsend. 
that  they  could  have  any  inconvenient  consequences.  Nevertheless 
the  bottom  of  the  canal  was  attacked;  lower  measurements  began  to  be 
registered  at  low  water  than  before  the  works  were  executed  and  these 
got  lower  and  lower,  while  at  the  exit  they  marked  higher  and  higher; 
then  the  foundation  of  the  works,  which  had  been  made  at  low  water- 
level,  appeared  in  the  upper  portion  of  the  canal  and  was  even  un- 
covered at  the  mean  summer  level  of  the  water,  while  below  the  same 
water-level  the  tow-path  was  submerged  and  became  useless  throughout 
the  greater  part  of  the  year.  It  became  necessary  to  improve  this 
situation  which  might  at  any  time  become  very  serious.  The  tow- 
path  was  first  raised  over  half  the  length,  that  is  the  part  submerged; 
then  to  arrest  the  movement  it  was  decided  to  lower  the  dividing  dike 
and  to  cut  down  the  dam  of  Thil  as  low  as  possible,  in  order  to  allow 
the  greatest  possible  volume  of  water  to  find  its  way  through  the 
false  branches,  not  only  in  floods  but  also  at  the  mean  water-level.  It 
was  supposed  that  by  this  means  the  main  branch  would  be  relieved 
and  that  by  decreasing  the  volume  of  water  which  crossed  it  its  scour- 
ing action  would  cease.  The  result  aimed  at  has  been  partially  realized; 
the  movement  of  the  profile  has  become  much  slower,  but  has  not 
entirely  ceased;  and  although  the  volume  of  water  which  passes  into 
the  canal  has  become  notably  less,  the  incline  [slope]  which  will  set  up 
any  equilibrium  between  the  resistance  of  the  bottom  and  the  effective 
force  of  the  current  under  the  new  conditions  of  depth  has  not  yet 
been  attained. 

******* 

''Thus  in  spite  of  the  improvement  realized,  in  spite  of  the 
enormously  extensive  alterations  that  the  river  has  undergone  while 
passing  between  the  constant  banks,  neither  regularity  in  the  cross- 
section  has  been  obtained,  nor  constancy  in  the  mean  depth,  nor  uni- 
formity in  the  incline  [slope]  ;  and  the  bed  that  has  been  opened 
remains  formed  as  everywhere  else  of  a  series  of  hollows  [pools] 
separated  by  ridges  [bars],  while  the  profile  presents  a  series  of  reaches 
with  a  comparatively  feeble  incline  [slope]  separated  by  falls. 

"Outside  the  canal  the  general  incline  [slope]  of  the  combined 
streams  at  the  entrance  to  Lyons,  at  kilometre  5,  where  the  profiles 
join,  has  not  sensibly  varied;  it  was  and  still  is  0.81  m.  per  kilometre, 
but  its  distribution  has  changed  considerably.  Throughout  the  canal, 
from  kilometre  8  to  kilometre  25,  it  was  0.883  m. ;  it  is  not  more  than 
0.696  m.  per  kilometre  on  the  other  hand  above  the  canal;  from  kil- 
ometre 25  to  kilometre  34  it  has  been  raised  from  0.75  m.  to  0.96  m., 
and  below  kilometre  8  to  kilometre  5  it  has  been  raised  from  0.49  m. 
to  1.06  m.  per  kilometre." 

The  profile.  Fig.  6,  derived  from  DeMas'  "Rivieres  a  Courant 
Libre",  illustrates  the  condition. 

Similar  effects  have  been  observed  on  western  rivers  of  the  United 
States.  In  the  improvement  of  the  Middle  Mississippi  below  St.  Louis 
the  river  was  straightened  for  more  than  20  miles.  As  a  result,  the 
slope  was  reduced  at  low  water  from  above  0.6  to  0.25  ft.  per  mile, 
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and  the  low-water  surface  of  the  river  at  the  Eads  Bridge  was  lowered 
about  3  ft.  An  excellent  channel  exists  through  the  improved  reach, 
but  the  slope  on  the  Chain  of  Eocks,  above  the  city,  has  been  increased, 
and  dredging  is  required  annually  immediately  below  this  reach  in 
order  to  maintain  the  required  channel  depth.  Similarly,  the  Kas- 
kaskia  cut-off,  above  Chester,  which  shortened  the  river  about  6  miles, 
has  a  low-water  slope  through  it  of  0.23  ft.  per  mile,  but  dredging  is 
required  annually  on  the  crossings  above  and  below. 

The  improvement  of  the  Missouri  River  reduced  perceptibly  the 
low-water  plane  at  Jefferson  City,  and  a  cut-off  at  Camden  Bend, 
which  occurred  in  1915,  has  created  a  bar  2  miles  below  it  over  which 
on  November  3d,  1916,  during  an  inspection  trip  made  by  the  writer, 
a  boat  drawing  3J  ft.  had  to  be  sparred,  the  gauge  at  Kansas  City 
reading  7.8  ft.  At  the  bend  above  Omaha  Mission,  about  Y64  miles 
above  the  mouth,  during  the  June  flood  of  1916,  another  cut-off 
occurred,  and  on  October  20th  the  snagboat  McPherson,  drawing 
3  ft.,  had  to  be  sparred  over  shoals,  both  above  and  below  this  cut-off, 
the  Omaha  gauge  reading  6.4  ft. 


River  bed,  18i7- 
River  bed,  18B3 


Distances,  in 
Kilometers  above   glj 
mouth  of  Saone. 


30  25  20  15  10 

PROFILES  OF   RHONE  ABOVE   LYONS 

Fig.  6. 


On  the  Arkansas  River,  a  very  forcible  illustration  of  the  effect  of 
cut-offs  was  also  afforded  during  the  flood  of  1916.  In  prehistoric 
times  the  Arkansas  River,  by  the  caving  of  its  banks,  broke  into  the 
White  River,  about  10  miles  above  its  mouth,  and,  until  this  season, 
the  low-water  discharge  of  the  Arkansas  emptied  into  the  Mississippi 
through  the  mouths  of  the  White.  The  cut-off  between  the  two  rivers 
gradually  increased  in  length,  and  a  sharp  bend  developed.  During 
the  flood  of  1916  a  cut-off  occurred  across  this  neck,  resulting  in  such 
a  shoaling  in  other  portions  of  the  old  channel  that  at  the  present  time 
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(November,  1916)  the  Arkansas  River  has  resumed  its  old  outlet  into       Mr. 
the  Mississippi  and  now  discharges  its  low-water  flow  in  a  separate 
channel  from  the  White  River. 

On  the  Red  River  numerous  cut-offs  have  occurred,  with  results 
equally  disastrous.  Near  Duke's  Plantation,  below  Garland,  the  cut-off 
of  1915  created  a  bar  below  it  over  which  at  the  next  low  water  the 
depths  of  the  navigable  channel  did  not  exceed  1  ft.,  and  the  efforts  of 
the  river  to  increase  its  length  by  caving  after  these  cut-offs  occurred 
have  been  destructive  of  the  levee  line  which  had  been  constructed 
along  the  river  banks. 

It  is  the  raising  of  the  river  bed,  not  the  increase  of  the  discharge, 
which  raises  the  water  surface  below  cut-offs.  The  French  engineers 
have  called  attention  to  this,  and  their  views  are  now  generally  accepted 
in  both  Germany  and  Austria. 

In  his  work  on  the  improvement  of  the  Rhine,  Mr.  Jasmund  dis- 
cusses the  straightening  of  that  river  (cited  by  Mr.  Grtmsky)  and 
explains  that  it  is  due  to  a  previous  undue  reduction  of  slope,  in 
former  attempts  to  improve  the  river,  that  renders  these  cases  excep- 
tional, and  conveys  the  impression  that  he  disapproves  of  cut-offs  on 
other  portions  of  the  Rhine. 

The  straightening  of  the  Danube  River  in  the  vicinity  of  Vienna, 
quoted  by  Gen.  Chittenden,  did  not  improve  the  navigation  of  the  river 
as  much  as  was  anticipated.  About  3  500  000  cu.  m.  of  material  were 
scoured  out  of  the  cvit,  and  deposited  in  the  river  below,  raising  its 
bed,  and  extensive  work  has  since  been  required  to  adjust  the  low-water 
channel  to  these  new  conditions.  It  has  even  been  necessary,  in  order 
to  stabilize  the  bars,  to  create  in  the  low-water  channel  new  sinuosities 
to  replace  those  cut  out  in  the  original  improv^ent. 

The  view  that  a  sedimentary  stream  seeks  to  regain  its  length  after 
a  cut-off  did  not  originate  on  the  Mississippi  River,  but  is  a  corollary 
to  views  advanced  by  Guglielmini  more  than  200  years  ago  from 
observations  he  then  made  on  the  Po.  Observations  made  recently  by 
the  Mississippi  River  Commission  confirm  this  theory.  Guglielmini's 
general  principle,  that  there  is  a  relation  between  discharge,  slope,  and 
the  character  of  the  soil,  has  also  been  verified  by  the  changes  which 
have  taken  place  recently  in  the  Atchafalaya  and  Illinois  Rivers.  In 
both  these  rivers  a  change  in  their  discharge  created  by  artificial 
means  has  been  accompanied  by  a  marked  change  in  the  radius  of 
curvature  of  bends.  A  citation  of  an  unreliable  reconnaissance  by 
Lewis  and  Clark  is  not  considered  sufficient  proof  to  overcome  the  over- 
whelming evidence  that  can  be  cited  to  prove  that  rivers  do  strive  to 
adjust  their  length  to  their  discharge  and  slope. 

Gen.  Chittenden  also  takes  exception  to  the  distinction  made  by 
the  Committee  between  streams  created  by  glacial  action  and  those 
carrying  a  large  quantity  of  sediment.     Although  not  agreeing  with 
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Mr.        Mr.  Fuller,  that  there  is  a  necessity  for  a  new  Variety  of  engineer. 
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called  by  him  the  geological  engineer,  the  writer  believes  that  all  engi- 
neers who  investigate  river  problems  should  have  knowledge  of 
geology.  The  methods  of  improvement  which  are  successful  with  the 
gentle  slope  of  rivers  created  by  glacial  action  have  frequently  failed 
when  applied  to  streams  carrying  large  quantities  of  sediment.  Thus, 
on  the  rivers  connecting  the  Great  Lakes  a  permanent  channel  of 
21  ft.  can  be  dredged,  but  on  the  Mississippi  a  channel  dredged  to 
9  ft.  fills  annually.  The  permeable  dikes,  so  successful  on  the  Middle 
Mississippi,  were  failures  when  applied  to  the  Upper  Mississippi  above 
Keokuk.  On  the  Illinois  River  a  cut-off  could  be  made  with  impunity, 
but  the  writer  believes  it  is  impossible  to  improve  the.  Missouri  River 
permanently  unless  cut-offs  are  prevented. 

In  reference  to  outlets  or  spillways,  the  writer  does  not  apprehend 
the  danger  to  the  channel  of  the  main  river  from  their  construction 
that  some  do.  He  is  a  firm  believer  in  the  idea  that  rivers  have  a 
tendency  to  correct  man's  errors,  and  that,  if  outlets  are  constructed, 
a  fill  will  occur  in  the  outlets  rather  than  in  the  river  channel;  but,  if 
the  outlet  is  given  such  dimensions  that  it  begins  to  enlarge,  there  is 
imminent  danger  that  the  main  channel  will  not  only  fill  but  be 
abandoned,  tmless  the  process  is  checked.  A  river  exhibits  an  objec- 
tion to  serving  two  masters. 
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UNDERPINNING  TRINITY  VESTRY  BUILDING 
FOR  SUBWAY  CONSTRUCTION 

Discussion.* 


By  H.  DE  B.  Parsons,  M.  Am.  Soc.  C.  E.f 


H.  DE  B.  Parsons,:}:  M.  Am.  Soc.  C.  E.  (by  letter). || — The  writer  will     Mr. 
endeavor  to  make  clear  some  of  the  points  raised  in  the  discussion.  p*'"***'°®- 

Eeplying  to  Mr.  Harte:  The  rebound  of  a  concrete  pile  occurred 
as  soon  as  the  pressure  was  removed.  In  other  words,  the  top  of  the 
pile  rose  while  the  hydraulic  pressure  was  being  relieved  from  the 
jack.    When  all  the  pressure  was  relieved,  the  rebound  ceased. 

Beplying  to  Mr.  Connelly:  Concrete  piles  used  in  subway  under- 
pinning work,  as  described  in  the  paper,  are  designed  to  carry  safe 
loads,  but  are  tested  to  loads  in  excess  of  the  permanent  safe  loads. 
Thus,  a  building  pier  might  support  a  load  of  200  tons.  If  each 
pile  were  intended  to  carry  40  tons,  there  would  have  to  be  at  least 
five  piles  beneath  the  pier.  In  such  a  case,  each  pile  could  be  safely 
tested  to  a  load  in  excess  of  40  tons  and  be  held  in  place  under  such 
a  load.  When  the  last  pile  was  tested,  it  would  temporarily  relieve 
the  excess  loads  from  the  others. 

Although  there  is  nothing  in  the  paper  which  refers  to  a  pressure 
of  77  tons  on  an  empty  pile  made  up  of  short  steel  sections,  pressures 
as  great  as  this  are  sometimes  developed  in  sinking  the  empty  steel 
casings. 

Replying  to  Mr.  Branne:  Each  j ill-frame  consisted  of  three  6  by 
12-in.  timbers,  making  the  wooden  part  about  36  in.  in  width,  sup- 

*  Discussion  of  the  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  continued  from 
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Mr.  ported  on  an  iron  frame  composed  of  two  12-in.,  40-lb.  I-beams,  about 
18  in.  centers,  as  shown  in  Fig.  10.  Only  one  jill-frame  was  pushed 
forward  at  a  time,  and  the  center  frame  was  kept  slightly  in  advance 
of  the  side  frames.  The  pressure  used  in  moving  a  frame  naturally 
varied  owing  to  local  resistances.  The  frames  were  moved  by  3i-in., 
hydraulic  rams,  and  the  average  pressure  to  start  a  frame  was  about 
5  000  lb.  per  sq.  in.,  but  this  fell,  as  the  frame  moved,  to  about  3  000  lb. 
per  sq.  in. 

Referring  in  general  to  the  remarks  on  the  rebound  of  the  concrete 
piles:  It  can  be  stated  that  the  rebound  was  not  attributable  in  any 
way  to  looseness  of  the  joints  of  the  steel  casings.  The  function  of 
the  steel  casings  was  to  hold  back  the  sand  and  to  act  as  a  form  for 
the  concrete.  The  loading  was  placed  on  the  concrete  and  not  on 
the  casing. 

The  rebound  may  be  due  in  part  to  the  elastic  recovery  of  the 
concrete,  as  mentioned  by  Mr.  Buel,  although  his  estimate  for  the 
modulus  of  elasticity  is  probably  somewhat  low.  The  rebound  appa- 
rently was  caused  by  the  particles  of  sand  under  and  around  the 
foot  of  the  pile  readjusting  themselves  as  the  pressure  on  the  pile  was 
reduced.  This  "elastic  recovery"  of  the  sand  and  the  "elastic  recovery" 
of  the  concrete  are  probably  both  intimately  connected  with  the 
rebound,  although  with  present  knowledge  it  is  not  possible  to  tell 
how  much  is  due  to  the  one  and  how  much  to  the  other. 
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By  Messrs.  W.  G.  Irving  and  H.  A.  Whitney. 


W.  Gr.  Irving,!  Esq.  (by  letter)  4 — The  writer  has  attempted  to  Mr. 
give  due  consideration  to  the  conclusions  expressed  in  this  paper,  but 
has  no  doubt  that  more  study  would  be  profitable.  He  agrees  with  the 
author  that  a  municipally  owned  utility  should  be  viewed  in  the  same 
light,  and  should  have  the  same  restrictions  and  privileges,  as  a 
privately  owned  public  utility. 

The  construction  or  operation  of  a  public  utility,  such  as  water- 
works, lighting  works,  etc.,  is  not  a  municipal  function.  A  city,  as 
such,  has  no  inherent  right  to  engage  in  such  forms  of  activity. 

It  is  merely  by  special  dispensation  of  the  sovereign  power  that 
municipalities  have  been  permitted  to  enlarge  the  scope  of  their  powers 
to  include  the  ownership  and  operation  of  utilities;  and,  in  the  opera- 
tion of  these  utilities,  with  the  exception  of  the  fixing  of  rates,  the 
municipality  is  impressed  with  the  same  obligations,  as  to  service  and 
as  to  responsibility  for  damages,  as  is  a  private  owner  of  a  public 
utility. 

Therefore,  the  writer  is  of  the  opinion  that  the  municipally  owned 
public  utility,  in  fairness  to  the  privately  owned  public  utility, 
should  be  under  the  same  rate-fixing  authority,  and  that 
the  fixing  of  the  municipal  rates  should  take  into  consideration  the 
same  factors  as  are  considered  in  fixing  the  rates  of  privately  owned 
public  utilities. 

*  Discussion  of  the  paper  by  J.  B.  Lipplncott,  M.  Am.  Soc.  C.  E.,  continued  from 
December,  1916,  Proceedings. 
t  Riverside,  Cal. 
+  Received  by  the  Secretary,  December  20th,  1910!. 
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Mr.  The  writer,  however,  notes  in  this  paper  that  the  author  has  defined 

rving.  £^^^  classes  of  people  who  should  contribute  to  the  cost  and  mainte- 
nance of  a  municipally  owned  public  utility.  The  writer  is  inclined 
to  the  opinion  that  this  classification  is  arbitrary.  No  such  classifica- 
tion is  made  with  reference  to  privately  owned  public  utilities.  The 
city  should  either  authorize  a  bond  issue  or  make  a  direct  appropriation 
from  its  funds,  to  provide  the  capital  necessary  to  construct  the  utility. 
Then  rates  should  be  fixed  by  the  constituted  authority,  to  be  charged 
the  consumer  for  the  service  to  be  rendered,  which  should  provide  suffi- 
cient return  to  pay  interest  on  the  investment,  cost  of  operation  and 
maintenance,  and  to  cover  depreciation.  There  should  not  be,  how- 
ever, any  amount  allowed  as  a  sinking  fund  to  retire  the  bonds,  if  such 
are  issued.  The  bonds  should  be  retired  by  a  direct  tax  on  the  taxable 
property  of  the  city.  As  the  bonds  are  retired,  the  interest  payable 
thereon  is  decreased,  and  a  greater  proportion  of  profit  of  operating 
the  utility  should  be  paid  into  the  general  fxmd  of  the  city  which  would 
permit  a  pro  tania  reduction  of  taxes. 

By  this  method,  the  owner  of  vacant  property  will  be  compelled 
to  pay  his  portion  of  the  cost  of  the  system,  and  will  also  derive 
benefit  therefrom,  by  reason  "of  the  enhanced  value  of  his  property 
and  the  ultimate  reduction  of  his  taxes  by  the  profits  earned  by  the 
utility. 

The  vacant  lot  owner,  and  all  others  who  do  not  receive  service 
from  the  utility,  will  also  have  to  contribute  to  the  maintenance  of 
the  system  and  to  the  payment  of  interest  on  bonds  (if  such  are  issued), 
during  the  adolescent  period  of  the  utility,  as  during  that  period  the 
actual  consumer  cannot  be  expected  to  pay  more  than  a  fair  rate, 
having  in  view  the  ultimate  service  to  be  rendered  and  the  present 
capital  expenditure. 

By  pursuing  the  foregoing  method,  a  fair  division  of  the  general 
expenses  of  a  publicly  owned  utility  could  be  made,  and,  at  the  same 
time,  it  would  prevent  unfair  competition  with  privately  owned  public 
utilities. 

In  the  foregoing  the  writer  has  considered  the  question  on  general 
principles  only,  and  has  not  had,  and  naturally  could  not  have,  in 
mind  the  many  practical  difficulties  and  scientific  factors  which  would 
readily  enter  into  the  author's  consideration  of  the  question. 

Mr.  H.  A.  Whitney,*  M.  Am.  Soc.  C.  E.  (by  letter). f — Inasmuch  as  the 

underlying  principles  that  go  toward  setting  the  service  rate  for  one 
municipally  owned  public  utility  may  be  applied  quite  readily  to  all 
municipally  owned  utilities,  the  writer  will  confine  his  remarks  to 
the  utility  of  greatest  importance,  viz.,  "the  water  department". 


Whitney. 


*  San  Francisco.  Gal. 

t  Received  by  the  Secretary,  December  28th,   1916. 
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In  order  to  estimate  the  annual  charges  against  a  water  system  thus      Mr. 
owned,  the  following  items  should  be  known :  '  °^^ 

Schedule  I. 

(1) — The  reproduction  cost  of  the  system,  less  the  depreciation; 

(2) — The  annual  depreciation  of  the  system; 

(3) — The  annual  cost  of  operation  and  maintenance; 

(4) — The  cost  of  business  management  (generally  included  in  (3))  ; 

(5) — The  amount  of  interest  to  be  paid  annually; 

(6) — The  amount  to  be  set  aside  for  new  construction. 

These  annual  charges  will  be  divided  into  the  following  classes : 

Schedule  II. 

Item  1. — Charges  to  the  municipality;  bond  issues  for  construc- 
tion; 

"  2. — Charges  to  local  improvement  districts  for  local  con- 
struction ; 

"  3. — Charges  to  the  municipality  to  be  paid  from  general 
funds; 

"  4. — Charges  to  consumers  for  service  installations  and  ex- 
tensions ; 

"      5. — Charges  to  consiimers  for  domestic  rate; 

"      6. — Charges  to  consumers  for  manufacturing  purposes. 

The  principal  advantages  gained  by  a  municipality  in  owning  its 
utilities  are: 

Schedule  III. 

(1) — Lower  interest  rates  than  those  generally  allowed  privately 

owned  utilities; 
(2) — Lower   water   rates   to    consumers,    due   to   vacant   property 

helping  to  pay  for  the  bond  issues,  and  other  charges  paid 

for  by  the  municipality; 
(3) — Privilege  of  having  ample  fire  protection,  and  thereby  getting: 
(4) — Lower  insurance  rates; 
(5) — Power  of  extending  the  system  where  it  can  do  the  greatest 

good  to  the  greatest  number  of  people. 

The  foregoing  are  generally  cited  by  advocates  of  a  municipally 
owned  utility  as  benefits  derived  by  the  municipality  which  owns  its 
own  system.  Although,  in  a  good  many  cases,  a  low  water  rate  can  be 
obtained  by  the  consumer  at  the  expense  of  the  entire  city  (it  bonding 
itself  to  pay  the  sinking  fund  and  interest  on  the  cost  of  the  whole 
system,  and  the  construction  being  permanent),  yet,  as  in  the  case 
of  the  City  of  San  Diego,  the  city  was  quite  willing  to  do  this^  as 
was  shown  in  1912,  when,  by  a  vote  of  6  to  1,  the  city  purchased  the 
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Mr.  impounding  system,  and  again,  in  1914,  when,  by  a  vote  of  more  than 
'  °^^'  5  to  1,  it  decided  to  purchase  Morena  Dam.  Furthermore,  the  heavy 
taxpayers  were  all  back  of  the  project. 

Santa  Eosa,  Cal.,  went  even  further  than  this,  a  few  years  ago, 
and,  by  a  large  majority,  voted  bonds  to  purchase  and  operate  a  water 
system — the  consumers  to  have  free  water. 

The  total  annual  revenue  and  charges  should  be  such  that  they 
will  equal  the  last  five  items  in  Schedule  I.  A  list  of  these  charges 
is  set  forth  in  Schedule  II,  and  will  be  taken  in  their  regular  order. 

Item  1. — Charges  to  the  Municipality ;  Bond  Issues  for  Construc- 
tion.— As  a  main  trunk  sewer,  a  main  drainage  canal  in  a  municipality, 
or  a  trunk  highway,  is  a  benefit  to  a  community  as  a  whole,  so  should 
dams,  main  pumping  plants,  and  transmission  lines  be  so  considered; 
and  the  costs  should  be  paid  by  the  municipality,  by  either  a  tax 
levy  or  a  bond  issue. 

Item  2. — Charges  to  Local  Improvement  Districts  for  all  Local 
Construction  WJiich  is  not  a  Benefit  to  the  Community  as  a  Whole. — 
Under  this  item  all  distributing  mains,  service  mains,  local  reservoirs, 
and  stand-pipes  would  be  assessed  against  the  district  benefited. 

The  following  sections  from  Chapter  98,  Sections  3,  5,  and  15,  of 
the  Local  Improvement  Laws,  State  of  Washington,  for  1911,  will 
illustrate  quite  aptly  the  privileges  derived  by  being  able  to  apply 
these  laws.  The  following  are  extracts  from  certain  portions  of  these 
laws: 

Section  3  allows  the  city  to  provide  for  sewer,  drain,  and  water 
systems,  within  or  without  the  city  limits. 

Section  5  allows  the  city  to  provide  for  protection  from  fire  by  an 
auxiliary  water  system.  Besides  allowing  the  construction  of  the 
ordinary  distribution  system,  the  following  paragraph  allows  the  con- 
struction of  drains  of  any  size,  either  within  or  without  the  city  limits. 

"Section  15. — Any  city  shall  have  power  to  provide  for  the  con- 
struction of  trunk  sewers,  and  trunk  water  mains,  and  for  the  payment 
of  all  or  any  part  of  the  cost  and  expense  thereof  by  the  levying  and 
collecting  of  assessments  upon  property  specifically  benefited  thereby. 
In  any  such  case  the  district  created  to  bear  such  assessment  shall  be 
outlined  in  conformity  with  topographical  conditions,  and  in  case 
of  trunk  sewers,  shall  include  as  near  as  may  be  all  the  territory  which 
can  be  sewered  or  drained  through  such  sewer  and  sub-sewers  con- 
nected thereto,  and  in  case  of  water  mains,  shall  include  as  near  as 
may  be  all  the  territory  in  the  zone  or  district  to  which  water  may 
be  distributed  from  such  trunk  water  main  through  lateral  service 
and  distributing  mains  and  services.  In  distributing  such  assess- 
ments, there  shall  be  levied  against  the  property  lying  between  the 
termini  of  the  improvement,  back  to  the  middle  of  the  blocks  along 
the  marginal  lines  of  the  street  or  area  improved,  such  amounts  as 
would  represent  the  reasonable  cost  of  a  local  sewer  and  its  appurte- 
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nances,  or  a  water  main  and  its  appurtenances  suited  to  the  require-      Mr. 
nients  of  such  territory  in  the  mode  prescribed  in  Section  13  hereof,  Whitney, 
and  the  remainder  of  the  cost  and  expense  of  such  improvement  shall 
be  distributed  and  assessed  against  all  the  property  within  the  bounds 
of  said  entire  district  in  accordance  with  the  special  benefits  conferred 
thereon  and  in  proportion  to  area." 

Under  these  local  improvement  laws,  the  City  of  Seattle  and  the 
City  of  Tacoma  put  in  their  distributing  systems.  Seattle  uses  only 
cast-iron  pipe,  and  8  in.  as  the  minimum  diameter.  Tacoma  uses 
6  in.  as  a  minimum  diameter.  The  costs  of  all  hydrants  are  assessed 
equally  on  the  district. 

Item  S. — Charges  to  the  Municipality  to  he  Paid  from  the  General 
Funds. — Under  this  head  will  be: 

(a)  Charges  to  the  fire  department  for  the  maintenance  and 
operation  of  hydrants,  and,  where  the  cost  of  the  system 
has  been  paid  for  out  of  water  receipts,  a  charge  should  be 
made  for  overbuilding  it  from  what  would  be  necessary  as  a 
domestic  supply  to  that  of  a  "fire  protection  system".  The 
only  way  to  arrive  at  this  proportion  is  to  make  a  thorough 
study  of  the  pressures  needed,  and  the  pipe  sizes  adequate 
for  a  domestic  supply,  and  then  place  a  value  on  the 
system  thus  estimated.  Then  calculate  the  cost  of  the 
water  system  necessary  for  an  adequate  fire  protection,  both 
as  to  pressure  and  supply.  The  difference  in  cost  between  a 
system  designed  for  adequate  fire  protection  and  one  which 
is  necessary  only  for  a  domestic  supply,  will  be  the  amount 
on  which  the  municipality  should  pay  for  interest,  depre- 
ciation, and  maintenance.  Roughly,  for  a  city  of  50  000 
people,  the  cost  of  fire  protection  service  would  constitute 
about  50%  of  the  cost  of  the  entire  system. 

(fo)  The  school  board  should  pay  the  cost  of  all  water  used  in 
schools  at  the  same  rate  as  regular  domestic  consumers. 

(c)  The  park  board  should  pay,  without  any  discount,  the  cost 
of  all  water  used  in  parks. 

(d)  The  board  of  public  works  should  pay  the  cost  of  all  water 
used  for  streets,  sewers,  or  in  any  municipal  department  under 
its  jurisdiction. 

Item  4. — Charges  to  Consumers  for  Service  Installations  and  Exten- 
sions.—In  most  cities  a  charge  is  made  to  a  new  consumer  for  putting 
in  the  house  service  and  the  meter.     This  is  generally  a  fixed  charge. 

Item,  5. — Charges  to  Consumers  for  Domestic  Rate. — The  domestic 
rate  is  generally  ascertained,  as  a  lump  sum,  by  deciding  that  all  other 
items  shall  be  met  out  of  the  water  revenue,  and  then  adjusting  the 
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Mr. 

Whitney 


charges  of  the  domestic  and  manvifacturer's  rates  so  that  it  will  equal 
this  amount. 

Item  6. — Charges  to  Consumers  for  Manufacturing  Purposes. — 
Items  5  and  6  are  generally  worked  in  conjunction  with  one  another. 
After  all  else  has  been  fixed,  the  revenue  necessary  to  be  derived 
from  the  domestic  and  manufacturer's  rates  can  be  determined.  The 
only  rational  and  satisfactory  method  of  serving  water  to  the  public 
is  by  meter.  Under  a  strict  meter  rate,  it  is  known  at  all  times  how 
much  water  is  being  used  and  for  what  purposes.  The  Peoples  Water 
Company,  of  California,  serves  the  Cities  of  Oakland,  Berkeley, 
Alameda,  Richmond,  Piedmont,  and  several  small  towns  with  water. 
The  system  is  100%  metered.  The  writer  had  occasion  to  take  from 
the  books  of  this  utility  the  quantities  of  water  that  were  being  used 
for  various  purposes  in  Berkeley  during  1915,  that  city  having  about 
12  000  service  connections.  It  was  found  that,  out  of  100%  of  the 
live  consumers,  the  distribution  of  the  percentages  were  as  shown 
by  Schedule  IV: 


Schedule  IV. — Percentages  of  Consumers   Using   Various   Quantities 

of  Water. 

Consumers  using 

400  cu.  ft.  or  less 41.7% 

500    "      "     <'     "    54.2% 

800    "      «     ''     "    77.4% 

1000    "      «     '<     "    84.7% 

5  000    "      "     "     "    99.1% 

50  000    "     "     "     "    99.9% 

more  than  50  000  cu.  ft.  . .       0.1% 

V; 


The  distribution  of  the  various   quantities  is  shown   in   Schedule 
Schedule  V. — Percentages  of  Quantities  of  Water  Used. 


sed,  up   to  and  including 

400  cu. 

ft. 

15.0% 

a          u       ic      u 

500    " 

22.7% 

a          >'<        a      a 

800    " 

42.0% 

a          u        u      a 

1000    " 

50.4% 

il             U          11        u 

5  000    " 

81.6% 

it          u        a      u 

50  000    " 

93.0% 

"  in  quantities  of 

more  than 

50  000    " 

7.0% 

In  setting  rates  in  a  municipality,  it  is  often  the  desire  of  the 
community  to  have  the  water  consumers  pay  a  low  rate,  and  do  so, 
to  a  great  extent,  at  the  expense  of  the  property  owners.  It  often 
happens  that  there  is,  besides  the  municipal  water  department,  a 
privately  owned  utility  which  serves  the  community  with  water,  and, 
unless  some  provision  is  made  to  take  care  of  the  rates  of  the  utility, 
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in  order  that  they  may  parallel  those  of  the  municipality,  a  discrimi-  Mr. 
nation  will  be  worked  on  the  privately  owned  system.  In  order  to  '^''^"^'y 
illustrate  how  to  establish  a  low  rate  which  will  work  fairly  to  both 
parties,  the  writer  will  assume  a  system  designed  for  fire  protection, 
the  distributing  system  to  be  laid  by  local  improvement  districts,  the 
collecting  and  transmission  systems  to  be  paid  for  out  of  the  taxes 
or  bonds,  and  the  maintenance  and  operation,  and  emergency  construc- 
tion to  be  paid  for  out  of  the  water  receipts.  The  following  data  are 
assumed  for  illustration : 

]  .—Population 50  000 

2. — Number  of  consumers 10  000 

;>. — Aimual  consumption,  in  cubic  feet 200  000  000 

-1. — Percentage    of    water    used    per    month    less    than 

1  000  cu.   ft 23 

5. — ^Percentage  of  consumers  using  less  than  1  000  cu.  ft. 

per    month 54 

6. — Percentage  of  water  used  per  month,  between  1  000 

and  2  000  cu.  ft 27 

7. — Percentage  of  water  used  per  month,  between  2  000 

and  10  000  cu.  ft 31 

8. — Percentage    of    water    used    per    month,    between 

10  000   and   40  000    cu.    ft -         9 

9. — Percentage   of   water  used  per   month,   more   than 

40  000  cu.   ft 10 

10. — Estimated  present  cost  of  system $3  000  000 

11.— Interest  on  bonds  at  4i%  per  annum $  135  000 

12. — Depreciation  on  system  at  2% $  <)0  000 

13. — Cost  of  operation  and  maintenance $  110  000 

It  is  contemplated  that  the  interest  shall  be  paid  out  of  the  general 
tax  on  the  system,  and  that  the  depreciation  (either  by  sinking  fund 
or  otherwise)  shall  be  paid  from  the  water  receipts,  as  will  also  the 
cost  of  operation  and  maintenance.     This  makes  a  total : 

14. — For  depreciation,  and  maintenance  and  operation.  .   $    170  000 
Schedule  VI. — Assumed  Rates. 

15.— For  1  000  cu.  ft.  per  month  or  less $  1.00 

16.— Cost  per  100  cu.  ft.  from  1000  to  2  000  cu.  ft 0.10 

17.— Cost  per  100  cu.  ft.  from  2  000  to  10  000  cu.  ft 0.7^ 

18.— Cost  per  100  cu.  ft.  from  10  000  to  40  000  cu.  ft.  .  0.5 

19.— Cost  per  100  cu.  ft.  for  more  than  40  000  cu.  ft.  .  0.3 

From  Items  1  to  9  and  15  to  19,  a  table  of  rates  (Table  5)  has  been 
compiled. 
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Mr.      TABLE  5.— Rates  of  Return,  as  Indicated  by  Items  1  to  9  and  15  to  19. 

Whitney. 

54%  of  consumers  at  $1.00  per  month  (using  23%  of  the  water 

per  annum) $64  800 

.      27%  of  200  000  000  cu.  ft.  at  10  cents  per  100  cu.  ft.  per  annum.  64  000 

31%  "            "            "     "     "  7h     "        "      "      "     "     "         "  46  500 

9%  "            "            "     "     "  5       "        "      "      "     "     "         "  9  000 

10%  "            "            "     "     "  3       "        "      "      "     "     "         "  6  000 


Total   revenue $180  300 

Table  5  shows  that  the  revenue  amounts  to  an  annual  rate  of  $18 
per  consumer.  If  it  is  decided  to  construct  $100  000  worth  of  improve- 
ments to  the  distributing-  system  and  $200  000  worth  to  the  collecting 
and  transmission  system,  the  distributing  system  to  be  improved  by  a 
local  improvement  district,  bonds  at  6%,  and  the  collecting  and  trans- 
mission system  to  be  improved  with  bonds  against  the  municii)ality 
bearing  interest  at  5%,  we  have: 

$100  000  at  6% $6  000 

200  000    "    5%, 10  000 

Making  a  total  amount  borne  by  the  city,  as  follows : 

$3  000  000  at  4i%  (as  shown  by  Item  11) $135  000 

200  000  at  5%   ; 10  000 

Total  municipal  bond  interest $145  000 

Local  improvement  bonds 6  000 

Maintenance,  operation,  and  depreciation 170  000 

Grand  total  for  support  of  system $321  000 

Inasmuch  as  the  expense  of  the  bonds  is  borne  by  the  municipality, 
this  leaves  only  the  maintenance  and  operation  to  be  taken  care  of 
through  the  water  revenues.  The  estimated  revenue,  as  shown  by 
Table  5,  is  $180  300,  and  the  maintenance  and  operation  being  $170  000, 
there  is  left  a  surplus  of  $10  300  for  emergency  construction. 

Some  method  should  be  adopted  whereby  the  privately  owned 
utility  can  charge  a  rate  which  will  be  approximately  the  same  as  that 
of  the  municipality,  and  at  the  same  time  pay  a  reasonable  revenue  to 
its  owners.  If  it  is  the  desire  of  the  municipality  that  the  water  con- 
sumers shaU  have  low  rates  at  the  expense  of  the  taxpayers,  it  apparently 
should  not  matter  (if  the  utility  is  serving  as  good  water  at  as  ample 
a  pressure  and  in  svifficient  quantities  as  the  municipality)  whether  the 
difference  is  paid  by  taxes  on  bonds  against  the  municipal  system  or  by 
taxes  on  the  general  funds  to  subsidize  the  plant  of  the  utility. 
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An  annual  budgret  equal  to  the  interest  on  the  estimated  cost  of  the  iMr. 
privately  "owned  utilities  plant  could  be  assessed  against  the  general  ^'^''"^'J'- 
taxes  and  allowed  to  this  utility  as  rental  for  the  use  of  its  system  and 
the  privilege  of  using  the  fire  hydrants;  the  utility  should  be  allowed 
to  pay — as  mentioned  in  the  case  of  the  municipality — the  main- 
tenance, operation,  and  depreciation  expenses,  from  the  revenue  derived 
from  the  sale  of  water,  this  revenue  to  be  regulated  by  the  city  council 
or  other  authorized  body.  Thus  competition  would  be  placed  on  an 
equal  basis. 

The  foregoing  is  a  suggestion  as  to  some  of  the  ways  in  which 
revenue  might  be  derived.  Numerous  modifications  of  these  methods 
may  be  made,  such  as  charging  rentals  for  hydrants,  street  sprinkling, 
sewer  flushing,  etc.  Inasmuch  as  all  of  these  are  paid  for  from  monies 
derived  from  the  general  taxes,  it  amounts  to  the  same  in  the  end. 
Then,  too,  the  revenues  may  be  increased  to  the  extent  of  having  the 
department  pay  the  expense  of  construction. 

By  the  methods  outlined  herein  a  municipality  can  set  a  rate  which 
will  place  as  small  or  as  large  a  burden  on  the  water  consumer  as  may 
be  desired.  The  water  must  have  a  fixed  cost,  and  what  the  consumer 
does  not  pay  the  taxpayer  must. 
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AV.   I.  KiNG,t  Esq.    (by  letter). t — There  is  a  dangerous  and  time-   Mr. 
honored  economic  fallacy  hidden  in  the  sentence  "The  true  value  of  '^'"^' 
land  is  the  ground   rent   capitalized".     After  two  thousand  years   of 
search  for  the  "true  value",  economists  are  in  agreement  that  no  such 
thing    exists.      Furthermore,    "ground    rent    capitalized",    unless    the 
phrase  is  broadly  interpreted,  gives  no  kind  of  value  of  any  significance. 

Every  prospective  buyer  or  seller  of  land  has  in  mind  a  maximum 
price  which  he  will  pay  or  a  minimum  price  which  he  will  take.  These 
subjective  prices  are  finally  based  on  the  beliefs  as  to  the  probable 
future  income  which  may  be  expected  from  the  land.  In  other  words, 
each  person,  using  his  own  rate  of  interest,  discounts  these  anticipated 
future  rentals  and  finds  their  entire  present  worth.  With  their  sub- 
jective prices  in  mind,  bidders  enter  the  market,  and,  by  the  well-known 
principles  of  supply  and  demand,  fix  the  market  price  for  the  land. 

At  some  periods,  nearly  every  one  becomes  unduly  optimistic  as 
to  the  future  .outlook ;  at  other  times  pessimism  reigns.  This  change 
in  the  point  of  view  of  the  majority  causes  land  values  to  fluctuate 
Avidely  on  the  market.  If  these  values  are  plotted,  it  will  be  noticed, 
however,  that  there  is  a  rather  definite  trend  in  a  certain  direction. 
This  trend  records  values  arising  from  the  normal  consensus  of  opinion, 
and  may  be  said  to  represent  normal  land  values;  but  value  is  always 
based  on  anticipation,  and,  until  the  veil  is  rent  from  the  future,  no 

*  This  discussion  (of  the  paper  by  L.  P.  Jerrard,  Jun.  Am.  Soc.  C.  E.,  published 
in  November,  1916,  Proceedings,  and  presented  at  the  meeting  of  December  20th, 
1916),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Asst.  Prof,  of  Political  Economy,  Univ.  of  Wisconsin,  Madison,  Wis. 

t  Received  by  the  Secretary,  December  14th,  1916. 
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Mr.    man  will  ever  be  able  to  state  correctly  that  any  figure  represents  the 
*°^'  true  value  of  the  land. 

In  a  progressive  community,  land  values  usually  stand  well  above 
the  capitalized  present  net  rentals,  because  people  do  not  expect  that 
rentals  will  remain  constant,  but  rather  that  they  will  rise.  To  correct 
for  this  error  by  varying  the  rate  of  interest  used  in  capitalizing  the 
current  rent  is,  at  the  best,  a  very  crude  method  of  adjustment.  The 
writer  has  described,  in  "The  Valuation  of  Urban  Realty  for  Purposes 
of  Taxation",*  ways  of  solving  the  problem  which  appear  to  be  more 
logical. 

The  writer  notes,  also,  an  apparent  misconception  of  the  word 
"economic"  as  used  on  page  1375. f  The  demand  of  wealthy  persons  for 
pleasant  residence  sites  is  certainly  as  strictly  economic  as  the  demand 
of  a  railway  for  a  site  for  a  new  depot  or  roundhouse. 

Mr.  Jerrard's  discussion  of  such  topics  as  the  movement  of  the 
business  section,  "plottage",  "cost  of  acquiring  land",  and  "values 
based  on  special  utilization",  is  both  able  and  interesting,  and  appears 
to  be  better  developed  than  any  writings  on  the  subject  which  the  writer 
has  previously  read.  The  author  is  to  be  congratulated  on  the  scientific 
and  scholarly  nature  of  the  paper  as  a  whole. 
Mr.  Hugh  A.  Kelly,:};   Assoc.   M.  Am.   Soc.   C.   E. — This  paper  is  a 

^^  ^^'  \'aluable  addition  to  our  records.  The  speaker,  being  in  constant  touch 
with  the  Taxing  Department  of  Jersey  City,  has  become  familiar  with 
the  question  of  "land  valuation",  and  when  he  read  this  paper  he 
realized  that  it  was  practically  flawless.  In  order  to  be  sure,  however, 
he  handed  it  to  the  two  men  whom  he  thought  best  qualified  to  judge: 
Mr.  J.  Stewart  Walker,  formerly  Chief  Engineer  of  the  Jersey  City 
Map  Department,  and  Mr.  Raymond  C.  Buckley,  the  present  Chief. 

Jersey  City  issued  last  year  a  manual  for  the  guidance  of  the 
working  force  in  the  Bureau  of  Tax  Assessment  of  the  Department 
of  Revenue  and  Finance.  This  "Assessors'  Manual",  the  first  issued 
by  any  city  in  the  United  States,  was  written  by  these  gentlemen, 
under  the  direction  of  Commissioner  George  F.  Brensinger,  and  after 
reading  Mr.  Jerrard's  paper,  they  also  agreed  that  he  has  left  little  to 
discuss.     Nevertheless,  the  following  few  points  may  be  well  taken. 

If  one  examines  cases  of  tax  appeal  one  will  find  that  the  real  estate 
man  must  have  his  builder,  his  architect,  to  support  him.  In  the  more 
important  cases,  such  as  railroad  cases,  it  is  the  engineer  who  knows 
real  estate  who  is  called  on  to  testify.  In  a  town  the  speaker  has 
in  mind  he  knows  of  but  two  real  estate  men  who  have  carefully 
compiled  their  sales  and  put  them  in  proper  form  for  immediate  use 
in  appeal  cases. 

*  Bulletin  689  of  the  University  of  Wisconsin.  May  be  obtained  from  the 
Librarian  of  the  University. 

f  Proceedings,  Am.  Soc.  C.  E.,  for  November.  1916. 
t  Jersey  City,  N.  J. 
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This  only  emphasizes  Mr.  Jerrard's  contention  that  the  engineer    Mr. 
should  check  the  real  estate  man,  and  verifies  the  statement  that  the  ^^"^'• 
average   real   estate   dealer's   appraisal   is   but   a   look,   a   thought,   an 
interview,  and  an  opinion. 

The  author  states  :* 

"The  ground  rent  is  the  net  income  which  remains  after  paying 
the  taxes  on  the  land  and  the  taxes,  depreciation,  interest,  and  main- 
tenance on  all  improvements." 

To  this  list  of  deductions  there  should  be  added  the  item  "a  sinking- 
fund  charge  sufficient,  when  put  at  interest,  to  cover  the  cost  of  the 
building  in  a  given  number  of  years". 

How  many  real  estate  men  include  this  item  for  their  clients  when 
presenting  cases? 

The  author  states  that  "the  true  value  of  land  is  the  ground  rent 
capitalized". 

First:  True  value  is  spoken  of  by  Judge  Charles  C.  Black,  in  his 
book  on  "Taxation"  in  which  he  reviews  many  judicial  decisions,  thus : 

"True  value,  like  fraud,  is  incapable  of  definition,  for  the  reason 
that  no  definition  can  have  universal  application  to  all  the  many  classes 
of  property." 

He  concludes  with  the  statement: 

"So  the  'true  value'  of  property,  under  the  constitution  for  taxation, 
comes  back  in  all  cases  to  what  such  property  will  exchange  for  in 
the  open  market,  in  money.  Sometimes  cost  is  a  fair  criterion; 
earning  capacity  may  be;  frequently  both  should  have  weight;  while, 
again,  neither  will  determine  its  'true  value';  but  all  these  elements 
of  value  should  be  considered." 

Second :  If  one  wishes  to  calculate  the  value  of  land  from  an  income 
basis,  one  must  select  adequately  improved  property.  Then  if  one 
adds  to  the  present  worth  of  all  future  anticipated  net  rentals  of  a 
new  building,  the  present  worth  of  the  land  value  at  the  date  when 
the  building  will  need  to  be  replaced,  and  deduct  from  the  sum  the 
cost  of  the  building,  it  should  closely  approximate  the  present  true 
value  of  the  site.f 

However,  as  new  buildings  exactly  adapted  to  their  location  are 
rarely  found,  and  the  difficulties  with  this  method  are  considerable, 
the  sales  method  is  to  be  preferred  to  the  commercial  method  of  finding 
the  value. 

Rarely  is  there  an  appraisal  of  property  in  which  a  true  capitaliza- 
tion method  is  used. 

In  the  report  of  the  Morris  Canal  Investigation  Committee,  ap- 
pointed by  the  joint  Legislature  of  New  Jersey,  Louis  Focht,  Assoc. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1916,  p.  1373. 
t  King  on  "Valuation  of  Urban  Property." 
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Mr.    M.  Am.  Soc.  C.  E.,  Engineer  of  State  Board  of  Taxation,  uses  such 

^  ''^  a  method. 

He  projects  a  possible  development,  assuming  2  050  ft.  of  bulkhead, 
two  piers  150  ft.  wide,  about  2  060  lin.  ft.  in  all.  On  each  pier  will 
be  placed  one-story  steel  sheds  1  175  by  113  ft.  and  1  250  by  140  ft., 
respectively ;  also  a  six-story  warehouse  covering  an  area  of  83  000 
sq.  ft.,  together  with  the  necessary  tracks,  filling  back  of  bulkhead, 
dredging  of  slips,  etc. 

"The  commercial  value  has  been  based  on  the  capitalization  of  the 
net  surplus  after  deducting  the  probable  annual  fixed  charges  from 
the  probable  annual  income. 

"The  annual  fixed  charges  are  made  up  of  the  interest  on  the  invest- 
ment, an  annuity  sufficient  to  create  a  sinking  fund  for  the  purpose 
of  extinguishing  the  debt  against  the  perishable  portion  of  the  prop- 
erty at  the  termination  of  its  probable  life;  taxes  on  the  property, 
annual  charge  for  dredging  slips  to  maintain  a  sufficient  depth  of  water ; 
insurance  on  the  portion  of  the  property  likely  to  be  destroyed  by  fire ; 
current  annual  repairs;  and  superintendence. 

"These  elements  will  now  be  considered  in  their  order : 

"First:  In  arriving  at  the  value  of  the  probable  annual  income, 
rentals  of  dock  property  in  the  harbor  have  been  considered.  They 
are  lower  on  the  New  Jersey  than  on  the  New  York  side,  and  range 
about  as  follows : 

New  Jersey  side  of  harbor $0.32  to  $0.40  per  sq.  ft. 

New  York  side  of  harbor 0.20  to     1.54  per  sq.  ft. 

Average 0.87  per  sq.  ft. 

"Brooklyn  rental,  private  piers,  range  from  $0.48  to  $0.57  per  sq.  ft. 
Warehousing  rates  range  from  about  $0.25  to  $0.30  per  sq.  ft.  of  floor 
surface. 

"In  estimating  the  probable  income,  a  rate  of  $0.50  per  sq.  ft.  has 
been  assumed  for  dock  property,  and  $0.25  per  sq.  ft.  of  floor  surface 
for  the  warehouse.     On  this  basis,  the  following  result  is  obtained : 

Probable  Annual  Income. 

Docking,  309  000  sq.  ft.  at  $0.50  per  sq.  ft $154  500 

Warehouse  floor  area,  498  000  sq.  ft.  at  $0.25  per  sq.  ft.   124  500 

"Total  annual  income $279  000 

"Other  minor  sources  of  income  might  be  added,  but,  for  the  sake 
of  conservatism,  they  have  not  been  considered. 

"The  rate  of  $0.50  per  sq.  ft.  is  higher  than  the  average  New  Jersey 
rentals,  the  development  being  of  a  higher  character  than  other  leased 
properties  on  the  New  Jersey  side. 

"An  estimate  of  the  probable  cost  of  the  development  has  been  made, 
in  order  to  arrive  at  the  fixed  charges. 

"The  estimated  cost  of  the  entire  development  for  the  'Small  Basin' 
is  $2  265  000. 

"In  determining  the  annuity  to  be  set  aside  for  the  sinking  fund,  an 
assumed  life  had  to  be  given  to  each  depreciable  portion  of  the  plant. 
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Theso  values  will  vary  with  the  character  of  the  structure.     Consider-    Mr. 
iufr   an    interest  rate  of   3i%    on   the  sinking  fund,   the   annuities   in  *^^">'- 
Table  8  are  obtained. 

TABLE  3. 


Bulkhead 

Piers ... 

Sheds  on  pier.*. 

Warehouse 

Paving 

(iantry  cranes. 
Tracks 


Totals . 


Life. 


50  years 

40  '• 

40  " 

.50  " 

15  " 

1.5  " 

15  '• 


Per 
thousand. 


$r.m 

11.83 
11. 8H 
7.t)3 

51.82 
51.82 
51.82 


On; 


$153  750 
618  000 
400  000 
755  300 

9  7.^0 
30  000 
37  811 


$2  004  611 


$1  173 
7  311 

4  732 

5  763 
505 

1  555 
1  959 


"In  the  computation  of  the  annuities  in  Table  3,  it  will  be  noticed 
that  there  is  no  item  for  grading  or  other  permanent  work,  which, 
when  once  completed,  would  last  indefinitely. 

"On  the  foregoing  basis,  therefore,  the  statement  in  Table  4  will 
represent  the  entire  annual  charges. 


TABLE  4. — Annual  Charges. 


Interest  on  $2  265  000  at  5% ■ • ; 

Annuity  for  sinking  fund  on  $2  004  611.  at  SJ^^o  (average) 

Taxes  on  $1  698  750  at  $2.00  per  hundred 

Annual  charge  for  dredging  slips  to  maintain  constant  depth  of  water,  20  000  cu 

yd.  at  $0.20 

Insurance  on  $1  800  000  of  dock  property,  at  0.5  of  1% 

Current  annual  repairs 

Superintendence 


Total  fixed  annual  charges $;>03  223 


$113  250 
28  998 
33  975 

4  000 
9  OCO 

15  000 

5  000 


"With  the  fixed  annual  charges  shown  in  Table  4,  the  net  surplus 
will  be : 

Total  annual  income $279  000 

Annual  fixed  charges .  203  223 


Balance,  or  annual  net  surplus $75  777 

^'Therefore,  if  the  present  worth  of  this  net  surplus,  namely,  $75  777, 
is  computed  on  the  basis  of  5%  interest  for  a  term  of  60  years,  or 
the  limit  of  the  period  when  the  canal  will  revert  to  the  State,  a  value 
of  $1  434  459  is  obtained  for  the  land." 

The  author  (page  1374*)  states  as  follows:  "advantages  of  location 
govern  the  values  entirely".  The  last  word  of  this  statement  is  open 
to  question.  The  "Assessors  Manual"  quotes  Mr.  Alfred  D.  Bernard  of 
the  U.  S.  Fidelity  and  Guaranty  Company,  thus : 

♦  Proceedings,  Am.  Soc.   C.   E.,   for  November,    1916. 
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Mr.  "We   therefore   announce   four   cardinal   factors   of   value   in   real 

Kelly-  estate: 

"1 — Location,  which  includes  access; 
2 — Utility,  which  includes  capacity  to  produce ; 
3 — Shape; 
4— Size." 

These  are  explained  as  follows: 

"(1)  Location. — In  any  city  the  most  valuable  corner  lot  would 
appear  to  be  the  lot  in  that  city  accessible  to  the  most  people. 

"Now,  if  that  proposition  is  sound,  the  most  valuable  corner  lot  is 
the  center  of  population  of  any  given  city. 

"In  the  City  of  Baltimore,  the  center  of  population  is  in  the 
colored  belt,  at  a  point  where  land  values  are  around  fifty  cents  a 
square  foot ;  so,  in  fixing  the  most  valuable  corner  lot  we  must  assume 
something  else  besides  accessibility  of  location;  we  must  assume  the 
second  factor,  utility. 

"(2)  The  highest  utility  which  land  may  assume,  generally  speak- 
ing, is  retail  business,  and  the  student  of  values  will  find  that,  with 
the  exception  of  the  banking  district  of  New  York  City,  the  highest 
valued  properties  in  all  the  cities  may  be  found  in  the  retail  business 
districts. 

"Now,  with  Factors  1  and  2  to  resolve,  we  find  the  most  valuable 
corner  lot  in  any  city  is  that  lot  which  is  so  located  as  to  be  accessible 
to  the  greatest  number  of  people  who  buy  goods. 

"After  fixing  the  point,  we  must  then  consider  the  reason  why  one 
lot  is  more  valuable  than  another,  which  calls  upon  us  to  invoke  the 
other  principles,  of  shape  and  size.  The  most  desirably  located  corner 
may  be  too  small  to  meet  the  business  demand,  and  the  business  be 
carried  to  the  next  block,  or,  by  reason  of  angles  and  irregularities, 
it  might  not  be  available  for  the  business  of  the  territory,  and  thus 
lose  in  contrast  with  other  regular  lots." 

From  the  foregoing  it  is  evident  that  the  greatest  number  of 
people  necessarily  do  not  pass  through  the  heart  of  the  city,  as  Mr. 
Jerrard  states,  but  more  generally  the  greatest  number  of  people 
pass  near  some  railroad  terminal  or  boat  landing. 

The  retail  section  moves  in  the  direction  of  the  best  residence 
section.     Bernard  sees  it  as  follows : 

"To-day  the  most  valuable  block  in  a  given  city  is  Main  Street 
between  X  and  Y  Streets.  Thomas  Tenant's  lease  is  about  to  expire. 
He  has  made  big  money  in  the  twenty  years  he  has  engaged  in  the 
dry  goods  business  in  this  block.  His  landlord  wants  to  share  his 
business  with  him  and  doubles  his  rent.  Tom  has  made  money  and 
saved  it,  and  feels  independent  enough  to  tell  his  landlord  to  go 
where  ice  is  popular  but  scarce;  but  the  landlord  doesn't  melt,  and 
Tom  has  to  pay  double  the  rent  or  move.  The  district  broker  whom 
Tom  employs  to  buy  the  site  is  met  with  'Not  for  Sale',  and  tells 
Tom  about  four  little  shacks  he  can  buy  in  the  second  block  north 
of  him  and  build  his  own  building  and  laugh  at  the  landlord.     He 
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does  it.     He  builds  a  fine  warehouse,  better  than  the  one  he  was  in,    Mr. 
advertises   to   the   trade   that  he   was   forced   out  of  his   old  location,  ^^''y- 
and  thus  wins  sympathy  and  trade.     He  is  followed  by  another  unfor- 
tunate,  and   in   three   years   the   best   block   on   Main    Street   is   Tom 
Tenant's  block." 

Mr.    Jerrard   states   that   the   total   land   value   of   a   city   depends 
primarily  on  the  population,  but  is  influenced  by  wealth. 
Bernard  says : 

"While  the  proposition  may  be  new  and  startling,  the  writer's  study 
of  land  values  in  cities  warrants  him  in  asserting  that  land  values 
bear  a  relation  to  the  number  of  and  buying  power  of  the  inhabitants 
of  a  given  community,  and  that  in  the  average  normal  city  the  value 
of  the  retail  business  property  is  one  cent  per  foot  front  per  person 
and  the  best  residence  property  1/10  to  1/12  of  a  cent  per  foot  per 
person." 

In  answer  to  the  disadvantage  of  using  gross  rentals,  Bernard 
uses  such  rentals,  and  gives,  as  the  advantage,  the  fact  that  it  elimi- 
nates the  item  of  poor  management,  which  invariably  brings  down 
the  net  rental. 

If  the  value  of  the  improvement  is  9  times  the  value  of  the  site, 
the  gross  rental  should  be  19%  of  the  total  investment, 

8  times  the  value  of  the  site.  .18% 
n       II         u        li       i(      u        (I       I7<y 

6       "         "        "       "      "       "   ..16% 
5       "         "        "       "      ''       "   ..15% 

4         «  «  "         "       «         a         l^c/ 

3         "  "  "        "       "         "    ..13% 

2       "         "        "       "      "       "   .  .12% 

Improvement  and  site  equal  (for  office  building  only)  10  to  12 
per  cent. 

To  Mr.  W.  A.  Somers  is  attributed  the  statement  that  the  corner 
influence  in  all  property  generally  extends  100  ft.  each  way  from  the 
corner.  The  literature  of  the  Manufacturers  Appraisal  Company  con- 
tained this  statement,  but  that  company  acknowledged  this  to  be  an 
error.  The  speaker  thinks  it  is  an  exceptional  case  where  corner 
influence  extends  more  than  25  ft.  beyond  the  corner. 

The  value  of  lots  of  various  depths,  expressed  as  percentages  of 
unit  value,  or  "rules  for  long  and  short  lots",  as  it  is  termed,  requires 
the  attention  of  a  mathematician. 

The  speaker  believes  that  Mr.  Davies  is  the  only  man  who  gives 
a  formula  with  his  rule,  and  states  that  the  curve  is  a  parabola. 

Interpolation,  to  determine  intermediate  values,  is  not  satisfactory 
where  many  properties  are  handled.  In  the  Jersey  City  Tax  Office,  to 
facilitate   matters,    the   engineers    in    the   Map    Department   have   an 
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equation  for  the  Hoffman  rule,  which  is  in  the  Tax  Manual  publislied 
by  the  Department  of  Revenue  and  Finance  of  that  city. 

It  is  stated  that  Mr.  Davies  examined  10  000  sales.  Mr.  Bernard. 
Mr.  Somers,  and  all  the  others  examined  many  sales  in  order  to  derive 
their  curves  of  values. 

There  is  a  question  in  the  speaker's  mind  whether  a  man  can  be 
so  familiar  with  every  one  of  10  000  sales  as  to  be  able  to  squeeze  out 
all  the  influences  that  would  pull  them  away  from  normal.  Probably 
the  law  of  averages  would  counteract  errors  in  so  great  a  number 
of  sales. 

The  problem  of  depth  and  value  presents  an  example  resulting  in 
an  equation  the  curve  of  which,  when  plotted,  is  that  of  a  conic  section. 
The  Hoffman  rule  works  out  as  a  parabola. 

Knowing  these  results,  why  is  it  not  as  good  to  assume  a  condition, 
as  Hoffman  did,  and  work  out  the  equation ;  or  why  not  take  the  least 
number  of  sales  or  points  that  will  determine  a  conic  curve,  and  if 
the  curve  suits  our  judgment,  adopt  it. 

If  all  the  values  in  a  curve  do  not  respond  to  some  formula,  the 
speaker  claims  that  the  curve  is  theoretically  incorrect,  as  no  two 
persons  are  treated  according  to  the  same  law. 

Would  it  surprise  the  author  to  know  that  Hoffman's  opinion,  in 
1870,  agrees  with  Bernard's  careful  investigation,  in  1913?  If  Mr. 
Jerrard's  conversion  of  the  Bernard  150-ft.  to  100-ft.  rule  is  correct, 
such  is  the  case.  Unfortunately,  Hoffman's  complete  figures  are 
not  given  in  Table  2.  In  Table  5  is  given  a  comparison  of 
Hoffman's  and  Bernard's  figures.  In  no  case  is  there  a  difference 
greater  than  1  per  cent. 

TABLE  5. 


Depth  of  lot,  ill  feet. 

Hoffman. 

Bernard. 

Percentage. 

Percentage. 

5 

10 

10 

is" 

17 

15 

23.5 

24 

20 

30 

31 

25 

37.5 

37 

30 

44 

43 

35 

50 

50 

40 

56 

56 

45 

61.5 

61 

50 

67 

66 

55 

71.5 

72 

60 

76 

76 

65 

80 

81 

70 

84 

84 

75 

87.5 

87 

80 

91 

91 

85 

93.5 

93 

90 

96 

95 

95 

98 

98 

100 

100 

100 
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In  the  authoi*'s  comparison  of  the  rules,   it  will  be  noticed  that,    Mr. 
up  to  100  ft.,  the  ISTewark  business  is  the  same  as  the  Somers.     The    ^  ^' 
Newark  residence,  up  to  100  ft.,  is  practically  the~same  as  the  Hoffman. 
There  is  a  close  resemblance  up  to  100  ft.  of  Milwaukee  business  and 
Somers,  and  for  more  than  100  ft.  they  agree.     For  more  than  100  ft. 
Newark  business  and  residence  agree. 

Such  peculiarities  would  lead  one  to  suppose  that  some  of  the  rules 
repi'csent  no  independent  investigations. 

In  Table  6  the  speaker  examines  the  Hoffman  rule  by  subtracting 
the  value  of  every  10  ft. :  ten  lower  from  ten  higher :  thus  10  ft.  =  25% ; 
20  ft.  =  41% ;  41  —  25  =  16,  etc.  This  gives  a  series  of  percentages 
or  first  differences. 

TABLE  6. — Examination  of  the  Hoffman  Rule. 


Feet. 

Percentage. 

First 
differences. 

Subtract. 

Second 
differences. 

10 

Ifi 

15 

10 

5 

20 

31 

13 

10 

3 

30 

44 

12 

10 

2 

40 

56 

11 

10 

1 

cO 

67 

9 

10 

—  1 

W 

76 

8 

10 

-  2 

TO 

84 

7 

10 

—  3 

SO 

91 

5 

10 

-  5 

90 

96 

4 

10 

—  6 

100 

100 

If  10  is  subtracted  from  each  of  these  we  get  a  series  of  second 
differences  in  which  it  will  be  noted  that  4  is  lacking. 

The  original  Hoffman  rule  does  not  plot  as  a  smooth  curve,  but 
if  4  is  supplied  in  this  last  series  of  numbers  the  following  formula 
may  be  derived. 

Assuming  that  50  ft.  gives  66§%,  the  formula  is: 


2  X 


y  = 


X 

no' 


If  50  ft.  is  assumed  to  give  67%,  the  formula  is: 
y  =  1.68a;  —  0.0068a;, 

which  gives  a  true  parabolic  curve. 

These  formulas  were  derived  by  Mr.  Walker.     This  peculiar  con- 
dition leads  to  the  belief  that  some  real  estate  men  do  not  understand 
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Mr.    these  rules  thoroughly;  for,  in  important  cases,  where  large  tracts  of 
^'  land  are  involved,  we  find  them  analyzed  by  real  estate  men  thus : 
Zone  1,  so  many  feet  deep,  parallel  with  the  street,  is  worth  a  dollars. 
Zone  2,  directly  behind  it,  is  worth  h  dollars,  etc. 

But  Zone  1  reflects  its  value  to  Zone  2,  etc.,  and  immediately  the 
straight-line  valuation  begins  to  bend,  and,  the  smaller  the  zones  are 
divided,  the  greater  becomes  the  reflected  increments,  until  the  straight- 
line  valuation  becomes  some  kind  of  a  curve. 

The  speaker  believes  that  these  rules  for  short  and  long  lots  are 
the  final  result  of  this  line  of  reasoning,  and  the  foregoing  examination 
of  the  Hoffman  rule  proves  it. 

The  appraisal  of  lands  in  different  localities  and  sections  requires 
individual  attention  and  study,  and  for  these  no  rules  can  be  laid  down 
which  will  fit  all  cases.  Mr.  Jerrard's  paper  gives  a  firm  foundation 
on  which  to  build. 

Mr.  Edward  S.  Eankin,*  M.  Am.  Soc.  C.  E. — This  discussion  refers  to 

the  following  statement  in  the  paper: 

"The  total  land  value  of  a  city  depends  primarily  on  the  population, 
but  is  influenced  to  so  great  an  extent  by  the  city's  wealth  and  other 
factors  that  comparisons  between  cities  of  the  same  population,  as  to 
either  the  total  land  value  or  the  value  of  highest  priced  land,  offer 
considerable  variation.  It  is  believed  that  the  range  of  values  in 
Fig.  2  will  cover  the  conditions  in  all  except  a  very  small  percentage 
of  cities." 

In  an  attempt  to  formulate  the  relation  between  the  population 
and  land  values  in  cities,  the  speaker  some  years  ago  addressed  letters 
to  real  estate  dealers  in  the  109  cities  of  the  United  States  having 
a  population  of  50  000  or  more,  asking  the  value  per  front  foot  of 
the  highest  priced  land  in  their  respective  cities,  based  on  a  standard 
lot  25  by  100  ft.,  exclusive  of  corners.  Replies  were  received  from  47 
cities,  the  smallest  being  Canton,  Ohio,  with  50  200,  and  the  largest, 
St.  Louis,  with  687  000  population  (census  of  1910). 

The  results  obtained,  though  of  a  negative  character,  may  prove 
of  some  interest  in  connection  with  this  paper.  They  have  been  plotted 
on  a  diagram.  Fig.  4,  similar  to  Fig.  2,  and  seem  to  show  the  hopeless- 
ness of  attempting  to  base  valuations  on  population,  except  in  the 
most  general  way.  It  would  appear,  however,  that  the  curves  in  Fig.  4 
are  entirely  too  low. 

Eeduced  to  dollars  per  front  foot  per  1  000  population,  the  varia- 
tions are  perhaps  even  more  apparent.  Some  of  the  main  features 
of  the  investigation,  reduced  to  this  basis,  are  shown  in  Tables  7  and  8. 

Believing  that  the  rate  of  growth  of  the  city  would  have  a  decided 
bearing  on  the  valuations — on  the  principle  that  values  would  discount 
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the  future — the  speaker  then  made  an  estimate  of  the  probable  popu-     Mr. 
lation  of  each  of  the  cities  in  1920,  and  calculated  the  value  per  front  ^*°^°- 
foot  per  1  000  of  this  estimated  population.     The  results  are  given  in 
Table  8,  and  show  slightly  less  variation,  but  are  still  too  far  apart  to 
be  of  any  practical  value. 


• ^ 

• ^ 

( a y^ 

— . % y^ ^^^^ 

_  r  ^^^ 

•-  -• y- -5»-=- • 

.  :  ••>/  ^ 

*  ») ^y. • _,^ 

•.  .  ^  ^^ 

'•f_ » ] 


Population 
Fig.   4. 

TABLE  7. 


Maximum. 


Minimum. 


Average. 


All  cities $54.00 

(Springfield .  Jilass.) 
Population  50  000  to  100  000 54.00 

(Springfield,  Mass.) 
Population  100  000  to  200  000. .. .     35.53 

(Grand  Rapids,  Mich.) 
Population  200  OOJ  to  400  000 40.28 

(Newark,  N.  J.) 
Population  more  than  400  000. .     29.48 

(St.  Louis,  Mo.) 


(Baltimore, Md.) S7.16 

(Somerville,  Mass.) 9.71 

(Nashville,  Tenn.) 15.80 

(Jersey  City,  N.  J.) 8.06 

(Baltimore,  Md.) 7.16 


$27.86 
47  cities. 

$30.85 
24  cities. 

$26.64 
10  cities. 

$23.12 

8  cities. 

$23.59 

5  cities. 
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Maximum. 

Minimum. 

Average. 

All  cities 

(Springflekl.  Mass.) 
Population  50  000  to  100  000. . . . 

(Springfield,  Mass.) 
Population  100  000  to  200  000. . . 

(Albany,  N   Y.) 
Population  200  000  to  400  000. . . 

(Newark,  N.J.) 
Population  more  than  400  000.. 

(St.  Louis,  Mo.) 

.  $38.40 
.     38.40 
.     .31.13 

28.86 
.     25.00 

(Jersey  City,  N.  J.) 

(Somerville,  Mass.) 

(Birmingham  Ala  ) 

...    $6.29 

7.65 
9.00 

$20.33 
47  cities. 

$21.33 
24  cities. 

$20.29 

(Jersey  City,  N.  J. ) 

(Baltimore,  Md.» 

6.29 

...       6.78 

10  cities. 
$18.77 
8  cities. 
$18.10 
5  cities. 

Classified  as  to  location,  into  East,  West,  and  South,  the  17  eastern 
cities  show  the  highest  average,  $21.75,  and  the  greatest  variation, 
$6.29  to  $38.40;  20  western  cities  average  $21.45,  with  the  least  vari- 
ation, $11.84  to  $37.62;  and  the  10  southern  cities  vary  from  $0.78 
to  $23.(59,  with  the  lowest  average  of  $15.71. 

All  the  populations  used  in  Table  7  were  taken  from  the  U.  S. 
Census  for  1910,  and  do  not  include  suburbs  tributary  to  the  cities, 
although  the  speaker  fully  agrees  with  Mr.  Jerrard  that  such  suburban 
areas  should  be  included.  At  the  time  the  investigation  was  made, 
however,  it  was  impossible  to  obtain  these  figures. 

The  speaker  would  suggest  further,  that  an  important  factor  in 
the  value  of  land  is  the  volume  of  traffic  passing  the  point  in  question. 
A  careful  investigation  along  this  line  might  prove  of  considerable 
interest. 

T.  Kenn.\kd  Thomson,*  M.  Am.  Soc.  C.  E. — Two  interesting  examples 
of  the  valuation  of  land  in  New  York  City,  might  be  cited :  First,  the 
corner  of  Wall  and  Nassau  Streets;  a  lot,  about  25  by  75  ft.,  was  bought 
in  1896  for  $500,000,  and,  after  the  old  building  had  been  torn  down,  a 
17-story  building  was  erected  oli  the  site  at  a  cost  of  $1  000  000,  making 
the  cost  of  the  new  building  and  lot  $1  500  000.  The  Bankers  Trust 
Company,  14  years  later,  wanted  the  corner  to  complete  its  property 
in  order  to  have  about  90  ft.  front  on  each  street,  so  the  17-story  build- 
ing and  lot  was  bought  for  $1  500  000  and  then  $50  000  was  paid  to  a 
wrecker  to  remove  the  building  quickly. 

The  second  case  is  that  of  a  young  man  who  had  an  assured  income 
of  $25  000  a  year ;  he  painted  a  little,  wrote  a  little,  and  tried  to  make 
himself  generally  useful,  and  at  the  same  time  was  able  to  live  com- 
fortably on  his  income.  An  uncle  bequeathed  him  a  $1  000  000  piece 
of  property  on  West  Street.  Just  then,  unfortunately,  the  tenant 
moved  out,  and  a  new  one  could  not  be  found,  and  as  the  property 
was  subject  to  a  mortgage  which  required  nearly  all  the  young  man's 
$25  000  income  to  pay,  he  was  absolutely  impoverished  by  the  bequest 
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of    a    $1 000  000    piece    of    real    estate,    which    lie    could    neither    rent       Mr. 
nor  sell.  Tiiomson. 

One  of  the  great  stumbling  blocks  in  modern  real  estate  is  the  old 
25-ft.  front  lot,  which  was  all  right  in  the  days  of  one-  or  two-story 
cottages  and  stores,  but  is  absolutely  out  of  place  in  a  modern  city,  and 
is  responsible  for  much  of  our  "crazy  quilt  work".  It  is  to  be  hoped 
that  future  cities  will  be  laid  out  on  up-to-date  lines,  giving  a  whole 
block  for  each  building,  then  tlie  question  of  the  relative  values  of  the 
inside  and  outside  of  the  block  will  disappear. 

An  interesting  case  occurred  some  years  ago,  when  the  caisson 
foundations  of  a  new  building  encroached  on  the  adjoining  property 
at  depths  of  from  30  to  90  ft.  below  the  surface. 

Mr.  Jerrard's  admirable  paper  has  one  defect  which  should  be 
remedied  before  the  final  publication,  thereby  obliterating  this  comment 
thereon.  It  is  the  impression  received  by  the  reader  that  the  engineer 
is  a  better  authority  on  real  estate  than  the  real  estate  man.  No  engi- 
neer would  grant  that  a  real  estate  man,  pure  and  simple,  could  do 
better  engineering  than  the  engineer.  It  should  be  an  easy  matter  to 
remove  this  slight  flaw  from  the  paper,  and  the  speaker  trusts  that  the 
author  will  make  this  correction. 
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should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


ELMER  LAWRENCE  CORTHELL,  President,  Am.  Soc.    C.  E.* 


iJiED  May  16th,  1916. 


Elmer  Lawrence  Corthell  was  born  in  South  Abington  (now  Whit- 
man), Mass.,  in  1840,  the  son  of  James  Lawrence  and  Mary  Gurney 
Corthell.  He  was  educated  at  the  South  Abington  High  School  and 
Phillips  Exeter  Academy.  He  entered  Brown  University  in  1859, 
studying  until  the  outbreak  of  the  Civil  War  in  1861.  At  the  first  call 
for  volunteers,  he  enlisted  in  the  First  Rhode  Island  Artillery,  Battery 
D,  and  served  in  stations  from  private  to  the  rank  of  Commander  of 
field  artillery,  until  his  return  with  rank  of  Captain  at  the  end  of  the 
war.  As  a  soldier,  he  saw  service  principally  in  Virginia  and  North 
Carolina. 

At  the  close  of  the  war  Mr.  Corthell  returned  and  resimied  his 
studies  at  Brown  University  from  which  he  was  graduated  in  1867 
with  the  degree  of  Master  of  Arts,  and  Phi  Beta  Kappa  honors. 

In  1894  he  received  from  his  Alma  Mater  the  honorary  degree  of 
Doctor  of  Science.  From  boyhood  it  had  been  Mr.  Corthell's  aim  and 
ambition  to  study  for  the  ministry  in  the  Baptist  Church,  but  on  com- 
pleting his  university  course,  on  account  of  his  health,  and  the  advice 
of  his  physician  to  select  a  more  active  profession,  he  chose  Civil  Engi- 
neering and  entered  the  employ  of  the  late  Samuel  Barrett  Cushiug, 
M.  Am.  Soc.  C.  E.,  a  prominent  engineer  in  Providence,  E.  I.,  where 
he  practiced  and  did  field  work  in  railroad,  mill,  dam,  bridge,  city, 
and  other  construction. 

In  1868  Mr.  Corthell  was  appointed  Assistant  Engineer  on  the  con- 
struction of  the  Hannibal  and  Naples  Railroad  in  Illinois,  now  a  part 
of  the  Wabash  System.  In  1869,  he  was  Engineer  on  the  location  and 
construction  of  the  Hannibal  and  Missouri  Railroad.  In  1870-71,  he 
was  Chief  Assistant  Engineer,  under  the  late  Col.  E.  D.  Mason, 
M.  Am.  Soc.  C.  E.,  in  the  construction  of  the  railroad  bridge  over  the 
Mississippi  River  at  Hannibal,  Mo.  From  1871  to  1875,  he  was  Chief 
Engineer  of  the  Sny  Island  Levee,  51  miles  in  length,  on  the  east  bank 
of  the  Mississippi  River.  While  engaged  in  that  work  he  was,  in 
1873-75,  Chief  Engineer  on  the  construction  of  the  bridge  over  the 
Mississippi  River,  at  Louisiana,  Mo.,  for  the  Chicago  and  Alton  Rail- 

*  Memoir  prepared  by  the  following  committee  :  John  F.  Wallace  and  J.  A.  Ocker- 
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road.     The  draw-span  of  this  bridge  was  44J:  ft.  long- — at  that  time,  the 
longest  in  the  world. 

In  July,  1875,  Mr.  Corthell  went  to  the  mouth  of  the  Mississippi 
River,  and  from  that  time  until  1880  was  Assistant  to  the  iate  Capt. 
James  B.  Eads,  M.  Am.  Soc.  C.  E.,  in  the  construction  of  the  jetties 
at  the  South  Pass  mouth  of  the  river.  On  account  of  ill-health,  he 
came  north  early  in  1880,  and  while  couA'alescing,  wrote  his  "History 
of  the  Jetties  at  the  Mouth  of  the  Mississippi  River".* 

From  1881  to  1884,  Mr.  Corthell  served  as  Engineer  of  the  Xew 
York,  West  Shore  and  Buffalo  Railroad  Company,  in  charge  of  the 
construction  of  that  road  and  the  extension  of  the  New  York,  Ontario 
and  Western  Railroad  to  connect  with  the  West  Shore.  For  about 
two  years,  during  the  construction  of  the  West  Shore  Railroad,  he  was 
assisting  Capt.  Eads  and  Col.  James  Andrews  in  their  plans  for  the 
construction  of  a  ship  railway  across  the  Isthmus  of  Tehuantepec, 
Mexico,  and,  after  he  resigned  his  position  with  the  West  Shore  Rail- 
road Company,  from  1884-87,  he  assisted  Capt.  Eads  in  promoting  the 
Tehuantepec  Ship  Railway,  taking  charge,  on  the  Isthmus,  of  the  survey 
of  the  route  for  the  railway,  and  exploiting  it  by  visiting  various  cities 
in  the  United  States,  showing  perfect  working  models  of  the  railroad 
and  a  ship  being  placed  in  its  cradle  on  the  rails. 

From  March,  1887,  until  1889,  Mr.  Corthell  was  associated  in  an 
engineering  partnership,  in  New  York  City  and  Chicago,  111.,  with  the 
late  George  S.  Morison,  Past-President,  Am.  Soc.  C.  E.,  engaged  in 
the  construction  of  railroads,  bridges,  harbors,  and  water-works.  Dur- 
ing this  partnership  there  were  constructed,  the  Cairo  Bridge  over  the 
Ohio  River  for  the  Illinois  Central  Railroad,  then  the  longest  steel 
bridge  in  the  world,  bridges  over  the  Missouri  River  at  Nebraska  City 
and  Sioux  City,  two  bridges  in  Oregon,  one  at  Jacksonville,  Fla.,  and 
water-works  at  Bismarck,  N.  Dak. 

From  1889  to  1890,  he  was  Engineer  of  the  St.  Louis  Merchants 
Bridge  over  the  Mississippi  River,  having  charge  of  the  design  and 
construction  of  the  substructure  and  foundations. 

During  the  same  period,  from  1889  to  1890,  he  was  also  Chief 
Engineer  of  the  improvements  at  the  mouth  of  the  Brazos  River,  in 
Texas. 

In  1889  and  1890  he  was  employed  as  a  special  Consulting 
Engineer  in  charge  of  terminal  Avork  in  the  City  of  Chicago  for  the 
Chicago,  Madison  and  Northern  Railroad,  a  subsidiary  corporation 
of  the  Illinois  Central  Railroad, — the  Chicago,  Madison  and  Northern 
Railroad  affording  an  entrance  to  Chicago  from  the  West  for  tlie 
Illinois  Central  lines;  and  also  in  connection  therewith  for  certain 
main  and  side-track  facilities  for  the  Atchison,  Topeka  and  Santa 
Fe  and  the  Chicago  and  Alton  Railroads. 

*  Published  In  1880  by  John  Wiley  and  Sons. 
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In  1889,  Mr.  Corthell  made  examinations,  plans,  and  report  on  the 
proposed  improvement  of  the  harbor  at  Tampico,  Mexico,  for  the 
Mexican  Central  Railroad  and,  later,  had  charge  of  the  construction 
of  the  jetties  as  Chief  Engineer. 

During  1889  he  was  also  President  and  Chief  Engineer  of  the  South- 
ern Bridge  and  Railway  Company,  incorporated  that  year  to  build  a 
bridge  over  the  Mississippi  River,  at  New  Orleans,  and  completed  the 
plans  and  specifications  for  its  construction. 

In  the  following  year  (1890),  he  made  a  personal  examination 
between  the  Great  Lakes  and  Quebec,  Canada,  of  the  question  of  an 
enlarged  waterway  between  Chicago,  Duluth,  and  other  ports  of  the 
Great  Lakes  and  the  Atlantic  Seaboard,  and  wrote  a  paper  on  this  sub- 
ject for  the  Canadian  Society  of  Civil  Engineers*  and  the  Western 
Society  of  Engineers  at  Chicago. 

In  1891  Mr.  Corthell  visited  Europe,  with  several  important  objects 
in  view.  As  a  Trustee  of  the  University  of  Chicago,  he  examined  six 
of  the  leading  universities  and  technical  schools  of  Europe  in  order  to 
obtain  information  for  the  University  in  carrying  out  its  purpose  of 
establishing,  in  connection  with  it,  a  great  School  of  Engineering  and 
Architecture.  As  a  member  of  a  Committee  of  the  Western  Society  of 
Engineers,  engaged  in  solving  the  difficult  railroad  problem  of  Chicago, 
he  examined  in  Europe  thirty-five  railroad  terminals  and  complicated 
situations.  He  also  examined  twenty-six  European  harbors  to  secure 
special  information  for  use  in  connection  with  his  work  at  Tampico, 
Mexico,  and  elsewhere.  He  also  examined  nearly  all  the  subways 
of  the  Old  World,  from  Glasgow  to  Budapest. 

In  1897,  Dr.  Corthell  again  visited  Europe  to  examine  a  great  variety 
of  engineering  works.  Many  of  the  results  of  his  various  examinations 
and  investigations  were  published  in  the  Engineering  Magazine,  in 
New  York  and  London.  The  most  extensive  work  done  by  him,  how- 
ever, during  his  two  years  in  Europe,  was  on  the  subject  of  Maritime 
Commerce,  its  past,  present,  and  future.  In  August,  1898,  he  presented 
the  results  of  his  work  to  the  American  Association  for  the  Advance- 
ment of  Science,  which  held  its  Fiftieth  Anniversary,  at  Boston,  Mass. 
The  object  of  the  paper  was  to  show  the  development  of  commerce  in 
the  half  century  to  come.  On  his  return  to  the  United  States  he  was 
engaged  as  expert  on  several  important  works  in  the  United  States  and 
Mexico. 

Dr.  Corthell  sailed  for  Buenos  Aires,  Argentine  Republic,  in  March, 
1900,  where,  for  more  than  two  years,  he  was  engaged  in  solving  prob- 
lems for  commerce  and  reporting  to  the  Minister  of  Public  Works. 
Thirty-six  different  subjects  were  referred  to  him  for  investigation 
and  report. 

*  Transactions,  The  Canadian  Society  of  Civil  Engineers,  Vol  V,  p.  32   (1891). 
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During  the  winter  of  1902  and  the  spring  of  1903,  he  delivered 
thirty-six  lectures  in  thirty  cities  of  the  United  States  and  Mexico, 
on  "Two  Years  in  Argentine  as  Consulting  Engineer  of  National 
Public  Works".  These  were  delivered  before  universities  and  com- 
mercial bodies,  also  engineering  societies,  etc.,  at  the  request  of  the 
Argentine  Government. 

At  one  time,  Dr.  Corthell  made  an  examination,  reports,  and 
estimates  for  the  Boston,  Cape  Cod,  and  New  York  Ship  Canal. 

The  Governor  of  the  State  of  New  York,  in  1894,  appointed  Dr. 
Corthell  upon  the  Advisory  Board  of  Consulting  Engineers  on  the  State 
Barge  Canal,  a  position  from  which  he  resigned  on  account  of  his 
Brazilian  work. 

During  1904  and  1905  he  was  engaged  on  extensive  commercial 
works  in  Brazil,  at  Para,  in  St.  Catherina,  and  Rio  Grande  do  Sul. 

He  represented  the  United  States  on  the  Permanent  Commission  of 
the  International  Congress  of  Navigation  and  was  an  active  and  influ- 
ential member  of  that  organization. 

Mr.  Corthell  was  married,  in  1870,  to  Emily  Theodate  Davis,  of 
Providence,  K.  I.,  who  died  in  1884,  leaving  two  children,  Mrs.  E.  S. 
Dewey,  of  Gloversville,  N.  Y.,  and  Howard  Lawrence  Corthell,  a  Civil 
Engineer,  of  New  York  City.  In  1900,  he  was  married  to  Marie 
Kuchler,  of  Berne,  Switzerland,  who  survives  him.  He  also  leaves  one 
brother,  Roland,  of  Boston,  and  one  sister,  Mrs.  Annie  C.  Phipps,  of 
Wollaston,  Mass. 

The  various  International  Engineering  Congresses  always  found 
Dr.  Corthell  an  active  participant,  either  in  person  or  by  im- 
portant papers.  At  a  meeting  in  Brussels,  where  all  but  six  of 
the  seventy-one  papers  were  in  other  languages  than  English,  he  pre- 
pared for  the  Department  of  State,  Avhich  had  selected  him  as  a 
delegate,  a  resume  of  the  entire  proceedings,  which  formed  a  volume 
of  245  pages.  The  International  Engineering  Congress  held  during 
the  Columbian  Exposition  was  suggested  by  him,  and  its  success  was 
largely  due  to  his  work  as  Chairman  of  the  Executive  Committee 
having  charge  of  that  affair.  When  the  recent  Pan-American 
Scientific  Congress,  in  Washington,  D.  C,  was  contemplated,  the 
Department  of  State  again  called  upon  Dr.  Corthell  to  aid  in  the 
organization  of  the  meeting,  and  he  rendered  valuable  assistance  in 
making  this  affair. a  success. 

After  years  of  exceedingly  active  work.  Dr.  Corthell  found  his 
chief  satisfaction  in  the  fact  that  his  works  had  been  beneficial  to 
commerce  by  sea,  river,  canal,  and  rail,  and  he  could  point  with  pride 
to  the  results  as  having  aided  in  reducing  the  cost  of  transportation  on 
land  and  water,  to  the  benefit  of  mankind. 

A  prolific  writer  on  engineering  subjects,  his  printed  papers  fill 
many  volumes.     Another  of  his  activities  concerned  the  establishment 
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of  ii  civilian  reserve  corps  of  engineers,  and  he  was  one  of  the  leaders, 
if  not  the  leader,  in  this  project.  After  his  election  to  the  Presidency 
of  the  American  Society  of  Civil  Engineers,  Dr.  Corthell  had  taken 
an  active  part  in  the  proposal  to  have  the  Society  join  the  three  other 
National  Engineering  Organizations  in  the  United  Engineering 
Societies  Building  in  N^ew  York. 

Dr.  Corthell  was  a  member  of  the  following  societies:  American 
Institute  of  Consulting  Engineers,  Inc.,  of  which  he  served  as  Presi- 
dent in  1915-16;  The  Canadian  Society  of  Civil  Engineers;  The  Insti- 
tution of  Civil  Engineers  of  Great  Britain;  The  Society  of  Arts  of 
Great  Britain;  Member  d'Honneur,  and  Corresponding  Member  of  the 
French  Society  of  Civil  Engineers;  The  American  Association  of  Civil 
Engineers  and  Architects;  American  Kailway  Engineering  Associa- 
tion; The  Boston  Society  of  Civil  Engineers;  The  Western  Society  of 
Civil  Engineers,  Chicago,  111.,  of  which  he  was  President  in  1889; 
Honorary  Member  of  the  Geographical  and  Statistical  Society  of 
Mexico;  American  Geographical  Society;  The  iS[ational  Geographical 
Society,  Washington,  D.  C. ;  Fellow,  Royal  Geographical  Society, 
London,  England;  Fellow,  American  Association  for  the  Advancement 
of  Science;  Honorary  Member,  Engineering  Society  of  Portugal,  The 
Institution  of  Engineers  of  the  River  Plate,  The  Centre  de  Naviga- 
cion  Transatlantica.  and  Sociedad  Cientifica  of  Argentine;  Franklin 
Institute,  Philadelphia,  Pa.;  American  Highway  Association;  Pan- 
American  Society;  Founder,  Pan-American  Chamber  of  Commerce; 
Member,  Chamber  of  Commerce  of  the  United  States;  and  Member, 
Board  of  Consulting  Engineers,  Barge  Canals,  New  York  State. 

Dr.  Corthell  was  also  a  member  of  the  following  military  and 
patriotic  associations:  Grand  Army  of  the  Republic;  Military  Order 
of  the  Loyal  Legion ;  Sons  of  the  American  Revolution ;  New  England 
Society;  and  Society  of  the  Army  of  the  Potomac. 

He  was  also  a  member  of  several  academical  and  university 
societies  and  clubs,  including  the  University  Club,  New  York  City, 
Phi  Beta  Kappa  and  Sigma  Chi  Societies,  and  of  the  Engineers  Club 
of  Rio  de  Janeiro. 

After  a  half  century  of  continuous  work  devoted  to  the  service  of 
his  fellow-man  and  the  advancement  and  up-building  of  the  Engineer- 
ing Profession,  he  has  now  passed  away,  leaving  the  Profession  and  the 
world  better  and  enriched  by  his  work,  which  has  been  a  shining 
example  of  an  cnth\isiastic,  industrious,  useful  life. 

Throughout  it  all,  in  adversity  as  well  as  in  prosperity,  Ke  met  his 
daily  problems  with  enthusiasm,  and  ever  had  his  hand  extended  to 
encourage  and  help  all  with  whom  he  came  in  contact,  particularly 
the  younger  members  of  the  Profession.  He  was  always  ready  to  assist 
them,  not  only  by  advice  and  counsel,  but  by  financial  aid  and  the  use 
of  his  influence,  in  obtaining  positions  and  advancements. 
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His  memory  will  always  flourish  in  the  hearts  of  those  who  have  been 
favored  by  his  acquaintance. 

Dr.  Corthell  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  on  September  2d,  1874.  He  served  two  terms  as  Vice-Presi- 
dent, in  1889  and  1893-94,  and  was  elected  President  on  January 
19th,  1916. 

DAVID  WEST  CUNNINGHAM,  M.  Am.  Soc.  C.  E.* 


Died  May  11th,  1916. 


David  West  Cunningham,  the  son  of  Andrew  and  Abigail  Leonard 
(West)  Cunningham,  was  born  on  December  24th,  1829,  in  Boston, 
Mass.  He  was  educated  at  Chauncy  Hall  School  and  the  Lawrence 
Scientific  School  of  Harvard  University. 

In  1848,  Mr.  Cunningham  received  an  appointment  in  the  Engi- 
neering Corps  of  the  Boston  Water-works,  then  building  the  Cochituate 
Aqueduct.  In  1849,  he  was  on  railroad  work  on  the  Manchester  and 
Lawrence  Railroad  and  the  Sullivan  Railroad  of  the  Connecticut 
River,  from  which  he  was  transferred  to  the  Ogdensburg  and  Lake 
Champlain  Railroad.  He  was  stationed  first  at  Moline  and  afterward 
at  Lawrenceville  on  the  Moira  Sub-division,  and  rode  on  the  first 
locomotive  through  to  Ogdensburg,  which  was  driven  by  Mr.  Charles 
L.  Schlatter,  then  Chief  Engineer.  He  was  then  employed  on  railroad 
work  in  Canada.  The  eastern  half  of  the  Ogdensburg  and  Lake  Cham- 
plain  Railroad  at  that  time  ran  through  primitive  forest,  and  while 
at  this  work,  he  contracted  inflammatory  rheumatism  which  affected 
his  eyes,  and  he  was  compelled  to  give  up  engineering  work  for  the 
time  being.  In  1851,  he  joined  a  friend  who  was  a  merchant  at  Cien- 
fuegos,  Cuba,  and  sailed  from  Boston  for  Spain  early  in  June,  arriving 
at  Cadiz  in  24  days. 

After  6  months'  travel  in  Europe,  Mr.  Cunningham  entered  the 
Lawrence  Scientific  School  at  Harvard,  for  a  course  in  Civil  Engi- 
neering, and  was  graduated  as  a  Civil  Engineer. 

Mr.  Cunningham  spent  six  years  in  Chili,  on  railroad  and  govern- 
ment work,  but  left  to  be  married.  He  never  returned  to  that  country, 
on  account  of  his  wife's  preference  for  the  United  States.  After 
leaving  Chili,  he  operated  a  plantation  in  Texas. 

After  the  Civil  War  Mr.  Cininingham  was  engaged  in  the  construc- 
tion of  the  Charleston,  Mass.,  Water-works,  the  Lowell  Water-works, 
and  the  sewerage  systems  of  Lowell,  Mass.,  and  Stillwater,  Minn.  He 
was  Chief  Assistant  Engineer  for  the  Boston  Water-works.  He  built 
the  Tarkio  Valley  (Missouri)  Railroad,  and  later  was  Consulting  Engi- 
neer for  the  Minneapolis  Water-works.  

•  Memoir  prepared  by  Frank  H.  Olmsted,  M.  Am.  Soc.  C.  E. 
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Mr.  Cunningham  then  worked  a  large  wheat  farm  in  North  Dakota 
until  1894,  at  which  time  he  removed  to  California. 

He  was  married  in  1859  to  Mary  B.  S.  Fuller,  of  Boston,  who 
died  in  1869.  In  1873,  he  was  married  to  Caroline  Smith  Thomas,  who 
died  at  Los  Angeles,  Cal.,  in  1910.  In  1913,  he  was  married  to  Minnie 
A.  Holderbaum,  at  Santa  Ana,  Cal. 

Mr.  Cunningham  was  a  man  of  high  scientific  attainments,  and 
naturally  a  builder.  He  was  favorably  known  wherever  his  duties  car- 
ried him.  He  was  genial  in  disposition,  loved  his  friends,  and  had 
few,  if  any,  enemies.  He  could  without  doubt  have  reached  a  high 
position  had  he  remained  in  the  Profession  and  not  digressed  at  one 
or  two  periods  in  his  career  to  other  kinds  of  work.  He  was  a  re- 
markably well  read  man,  and  spoke  and  wrote  fine  English.  He  was 
also  an  excellent  Spanish  scholar,  and  a  valued  member  of  the  various 
scientific  bodies  to  which  he  belonged. 

Mr.  Cunningham  was  a  member  of  the  Architects  and  Engi- 
neers' Association  of  Southern  California.  He  was  elected  a  Member 
of  the  American  Society  of  Civil  Engineers  on  May  7th,  1873. 


SIDNEY  WILLETT  HOAG,  Jr.,  M.  Am.  Soc.  C.  E. 


Died  November  1st,  1916. 


Sidney  Willett  Hoag,  Jr.,  son  of  Sidney  Willett  and  Ann  Augusta 
Hoag,  was  bom  in  New  York  City,  on  June  5th,  1857.  He  received  his 
preliminary  education  in  the  public  schools  and  was  admitted  to  the 
College  of  the  City  of  New  York  in  1872  as  a  student  in  the  scientific 
course,  from  which  he  was  graduated  in  June,  1877.  From  1877  to  1879, 
he  pursued  the  ix)st-graduate  course  in  Civil  Engineering  in  the  same 
college  under  the  late  Professor  A.  G.  Compton,  Assoc.  Am.  Soc.  C.  E., 
and  was  graduated  with  the  certificate  of  Civil  Engineer. 

In  1879,  after  leaving  college,  Mr.  Hoag  went  with  the  New  York 
City  and  Northern  Eailroad,  being  first  engaged  on  trestle  construction. 
Subsequently,  during  construction,  he  had  charge  of  the  distribution 
of  materials  and  supplies,  and  later  was  engaged  in  the  construction 
of  roadbed,  turn-tables,  and  depots,  from  Croton  Lake  to  Lake  Mahopac. 

In  1880  he  entered  the  service  of  the  City  of  New  York,  being 
engaged  in  the  Department  of  Public  Parks  as  an  Assistant  Engineer. 
His  efforts  in  the  Park  Department  were  directed  toward  the  public 
improvement  of  the  amiexed  district.  He  had  charge  of  various  classes 
of  engineering  work  under  the  jurisdiction  of  the  Park  Department, 
including   surveys,   laying   out   of   streets,   monumenting,   preparation 

•  Memoir  prepared  by  Charles  W.  Stanlford.  M.  Am.  Soc.  C.  E. 


110  MK.MOIR  OF  SIDNKY  WILLKTT  TIOAG,  'JR.  fMoinoirs. 

of  tax  maps,  rule,  damage,  and  benefit  maps,  and  work  of  general 
construction  involving  regulating  and  grading,  and,  in  addition,  he 
directed  the  work  of  the  various  field  parties. 

In  1891,  Mr.  Hoag  was  api>ointed  an  Assistant  Engineer  in  the 
Department  of  Docks  and  Ferries,  and  was  assigned  by  George  S. 
Greene,  Jr.,  M.  Am.  Soc.  C.  E.,  then  Engineer  in  Chief,  as  head  of 
the  drafting- room.  In  this  position,  Mr.  Hoag  directed  the  preparation 
of  plans  and  specifications  for  various  works  of  construction,  under- 
taken by  the  Department  along  the  water-front,  such  as  piers,  bulk- 
heads, freight  sheds,  and  freight  and  passenger  terminals,  and  the 
approval  of  structural  features  of  all  plans  submitted  by  private  owners 
and  lessees  for  all  kinds  of  wharf  structures. 

In  1908,  Mr.  Hoag  was  appointed  Deputy  Chief  Engineer  of  the 
Department  under  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E.,  Chief 
Engineer.  During  his  incumbency  as  Deputy  Chief  Engineer,  the 
Department  of  Docks  carried  out  many  important  works  of  construc- 
tion, involving  piers,  bulkhead  walls,  freight  sheds,  and  ferry  terminals. 
Some  notable  pieces  of  construction  on  which  Mr.  Hoag  was  engaged 
are  the  municipal  ferry  terminal  at  St.  George,  Staten  Island,  the 
municipal  ferry  buildings  at  the  Battery,  known  as  the  Manhattan 
Terminal  of  the  South  Brooklyn  Ferry,  the  Whitehall  Terminal  of  the 
Staten  Island  Ferry,  and  also  the  viaduct  approach  to  the  St.  George 
Ferry,  at  St.  George.  The  most  conspicuous  and  important  under- 
taking by  the  Department  of  Docks  during  this  period  was  the  con- 
struction of  the  great  transatlantic  steamship  terminal  popularly 
termed  the  Chelsea  Section.  This  is  on  the  North  Eiver  water-front, 
.  and  covers  the  section  from  West  14th  to  West  23d  Streets.  It  involved 
the  construction  of  nine  piers,  with  freight  sheds  thereon,  and  putting 
in  heat,  light,  and  power  equipment  for  operating  purposes.  This 
section  represents  an  expenditure  of  many  millions  of  dollars,  and  the 
accommodation  it  affords  for  large  transatlantic  liners  is  not  equalled 
anywhere  in  the  world. 

This  large  undertaking  by  the  Department  involved  an  enormous 
amount  of  detail  work  in  connection  with  the  preparation  of  plans  and 
specifications,  and  the  examination  and  approval  of  plans  submitted 
by  contractors  during  construction. 

The  successful  completion  of  the  Chelsea  Section  demonstrated  Mr. 
Hoag's  capacity  for  hard  work,  and  his  great  attention  to  detail 
enabled  the  Department  to  carry  out  successfully  many  large  under- 
takings involving  extreme  detail  in  steel  construction  and  intricate 
problems  in  connection  with  heat,  light,  and  power  equipment.  Mr. 
Hoag  was  a  loyal  assistant,  conscientious  in  everything  he  did,  and, 
above  all,  a  man  of  sturdy  integrity.     His  work  was  his  hobby. 

He  never  had  any  interest  outside  of  his  professional  work,  and 
was  held  in  high  estpem  by  the  fellow  members  of  his  Profession. 
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III  March,  1!)0-1,  he  hecame  a  member  of  the  Society  of  Municipal 
Engineers  of  the  City  of  New  York,  and  at  once  took  an  active  interest 
in  its  affairs.  He  was  rewarded  with  honors  for  his  labors,  being  elected 
Second  Vice-President  in  1910;  First  Vice-President  in  1911,  and 
President  of  the  Society  in  1912.  He  continued  his  interest  in  the 
Society,  being  on  the  Board  of  Directors  as  Past-President,  at  the 
time  of  his  death. 

In  1905,  Mr.  Hoag  delivered,  before  the  Municipal  Engineers,  a 
very  interesting  paper  entitled  "The  Dock  Deparfment  and  the  New 
York  Docks."  The  paper  dealt  with  the  history  of  the  Dock  Depart- 
ment and  its  work,  and  contained  considerable  detailed  data  relative 
to  water-front  construction.  It  had  a  wide  distribution,  and  was 
considered  the  most  meritorious  paper  of  the  year.  For  this  Mr. 
Hoag  received  the  Society  medal  in  recognition  of  his  achievement. 

In  1914,  his  health  failed,  and  he  was  compelled  by  his  physical 
condition  to  give  up  active  work.  He  retired  from  the  Department 
of  Docks  on  a  pension  after  35  years  in  the  service  of  the  City. 

After  about  a  yearns  rest,  he  regained  some  of  his  strength  and 
joined  B.  F.  Cresson,  Jr.,  M.  Am.  Soc.  C.  E.,  assisting  the  latter  in 
the  preparation  of  plans  and  specifications  for  the  construction  of 
an  extensive  water-front  and  railroad  terminal  development  at  Bayonne, 
N.  J.    He  was  associated  with  Mr.  Cresson  up  to  the  time  of  his  death. 

System,  the  love  of  detail,  and  the  habit  of  accumulating  interesting 
data  pertaining  to  his  Profession,  were  some  of  Mr.  Hoag's  personal 
characteristics.  He  was  a  thorough,  painstaking,  and  conscientious 
worker,  and  the  bigger  the  job,  the  happier  it  made  him.  Although, 
in  his  younger  days,  he  was  fond  of  athletics  and  had  joined  the 
New  York  Athletic  Club,  engaging  in  running  races,  his  whole  time, 
during  his  later  years,  was  given  to  the  work  of  his  Profession.  He 
was  a  capable  executive,  had  a  frank,  genial  pei'sonality,  a  high  code 
of  honor,  and  won  the  admiration  of  those  who  knew  him. 

Mr.  Hoag  was  a  member  of  the  New  York  Athletic  Club,  the 
Municipal  Engineers  of  the  City  of  New  York,  and  the  Royal  Arcanum. 

Mr.  Hoag  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  2d,  1885.  He  served  as  a  member  of  the 
Nominating  Committee  in  1913-14. 


ROBERT  MAITLAND  ROY,  M.  Am.  Soc.  C.  E.* 


Died  June  27th,  1916. 


Robert  Maitland  Roy,  the  son  of  Robert  Maitland  and  Maria  Roy, 
was  born  at  Stirling,  Ont.,  Canada,  on  November  27th,  1869.  He  was 
educated  in  the  public  and  high  schools  of  Belleville,  Ont.,  and  was 

♦  Memoir  prepared  by  the  Secretary  from  Information  supplied  by  J.  A.  Spittle,  Esq. 
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graduated  from  Ontario  Commercial  College.  He  also  spent  a  year 
or  more  in  the  study  of  commercial  and  contract  law,  and  took  a  special 
private  course  in  mathematics. 

In  June,  1886,  Mr.  Eoy  entered  the  employ  of  the  Grand  Trunk 
Railway,  serving,  until  October,  1888,  in  the  Traffic  and  Engineering 
Departments. 

From  October,  1888,  to  February,  1892,  he  was  engaged  as  Assistant 
Mechanical  Engineer  with  the  G.  and  J.  Brown  Manufacturing  Com- 
pany, of  Belleville,  Ont.,  inspecting  Government  and  railway  supplies, 
contractors'  plant  for  public  works,  railway,  mining,  and  other  con- 
tracts, as  well  as  structural  work  of  various  kinds.  Mr.  Roy  was  also 
engaged  during  this  time  on  Government  surveys  of  the  Belleville 
Harbor  and  River  protection  works,  on  extensions  to  the  Belleville 
Water- Works,  and  on  new  sewerage  and  pumping  plants  for  the  Govern- 
ment Institution  for  the  Deaf  and  Dumb  at  Belleville. 

From  February,  1892,  to  January,  1898,  Mr.  Roy  was  employed 
with  the  Central  Bridge  and  Engineering  Company,  of  Peterborough, 
Ont.,  as  Assistant  and  Contracting  Engineer  for  railway  and  highway 
bridges  and  general  structural  work.  He  was  also  engaged  during  this 
time  on  surveys  of  the  Trent  Canal  and  other  works. 

In  January,  1898,  Mr.  Roy  entered  the  employ  of  the  Hamilton 
Bridge  Works  Company,  Limited,  of  Hamilton,  Ont.,  serving  as  High- 
way Bridge  Engineer  from  1898  to  1908,  as  Manager,  from  1908  to 
1916,  and  as  Director  from  1913  to  1916,  which  latter  positions  he  held 
at  the  time  of  his  death,  on  June  27th,  1916. 

Mr.  Roy  was  a  Member  of  the  Canadian  Society  of  Civil  Engineers, 
the  Hamilton  Board  of  Trade,  and  the  Canadian  Manufacturers  Asso- 
ciation, and  had  served  as  an  Alderman  of  Hamilton,  Ont.,  from  1913 
to  1916.  He  was  also  a  member  of  the  Hamilton,  Twentieth  Century, 
Canadian,  and  Hamilton  Automobile  Clubs,  the  I.  O.  O.  F.,  the  A.  F. 
and  A.  M.,  and  of  the  Church  of  England. 

On  April  19th,  1894,  Mr.  Roy  was  married  to  Mary  Ann  Wragg, 
daughter  of  Thomas  B.  Wragg,  of  Belleville,  Ont.,  who,  with  four 
sons,  survives  him. 

Mr.  Roy  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers  on  October  3d,  1900,  and  a  Member  on  March 
5th,  1907. 
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MINUTES    OF    MEETINGS 
OF  THE  SOCIETY 


SIXTY=FOURTH   ANNUAL   MEETING* 

January  17th,  1917. — The  meeting  was  called  to  order  at  10  A.  M., 
in  the  Auditorium  of  the  United  Engineering  Society's  Building,  29 
West  39th  Street;  President  Clemens  Herschel  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  about  600  members. 

Charles  F.  Rand,  President  of  the  United  Engineering  Society, 
addressed  the  meeting  and  welcomed  the  Society  to  the  United  Engi- 
neering Society's  Building. 

Messrs.  B.  F.  Cresson,  Jr.,  Clifford  B.  Moore,  Robert  W.  Boyd, 
Noah  Cummings,  Richard  H.  Gillespie,  Alexander  Haring,  and  Henry 

*  A  full  report  of  the  Sixty-fourth  Annual  Meeting  is  printed  on  pages  77  to  123 
of  this  number  of  Proceedings. 
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B.  Machen  were  appointed  Tellers  to  canvass  the  Ballot  for  Officers 
for  the  ensuing  year. 

The  Annual  Report  of  the  Board  of  Direction,  and  the  Annual 
Reports  of  the  Secretary  and  of  the  Treasurer,*  for  the  year  ending 
December  31st,  1916,  were  presented  and  accepted. 

The  Secretary  read  the  report  of  the  Committee  appointed  by  the 
Board  of  Direction  to  recommend  the  award  of  prizes,t  and  announced 
that  the  medals  and  prizes  for  the  year  ending  July,  1916,  had  been 
awarded  by  the  Board  of  Direction  in  conformity  with  that  report, 
as  follows: 

The  Norman  Medal  to  Paper  No.  1313,  "The  Possibilities  in  Bridge 
Construction  by  the  Use  of  High- Alloy  Steels,"  by  J.  A.  L.  Waddell, 
M.  Am.  Soc.  C.  E. 

The  J.  James  R.  Croes  Medal  to  Paper  No.  1335,  "History  of  Little 
Rock  Junction  Railway  Bridge,  of  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway  Company,  over  the  Arkansas  River  at  Little  Rock, 
Arkansas,  1883-1914,"  by  C.  E.  Smith,  M.  Am.  Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  1334,  "The  Lock 
12  Development  of  the  Alabama  Power  Company,  Coosa  River,  Ala- 
bama," by  E.  L.  Sayers  and  A.  C.  Polk,  Members,  Am.  Soc.  C.  E. 

The  James  Laurie  Prize  to  Paper  No.  1339,  "Reconstruction  of 
the  Norfolk  and  Western  Railway  Company's  Bridge  Over  the  Ohio 
River  at  Kenova,  West  Virginia,"  by  William  G.  Grove,:}:  Esq.,  and 
Henry  Taylor,  Assoc.  M.  Am.  Soc.  C.  E. 

The  Collingwood  Prize  for  Juniors  to  Paper  No.  1341,  "Cinder 
Concrete  Eloor  Construction  Between  Steel  Beams,"  by  Harold  Perrine 
and  George  E.  Strehan,:}:  Juniors,  Am.  Soc.  C.  E. 

The  Secretary  presented  the  report  of  the  Tellers  appointed  by 
the  Board  of  Direction  to  canvass  the  final  suggestions  for  members 
of  the  Nominating  Committee,  to  represent  certain  Districts  and  the 
following  were  appointed  to  serve  two  years : 

R.  S.  Buck Representing  District  No.     1 

D.  B.  La  Du "  "         "      3 

John   S.   Conway "  "  "       5 

A.  J.  Himes "  "         "       6 

Arthur   O.   Ridgway "  "         "     10 

Louis  C.  Hill "  "         "     11 

W.  C.  Hammatt "  "  "     13 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  Chairman 
of  the  Special  Committee  on  Engineering  Education,  reported  progress, 
and  Professor  C.  R.  Mann  addressed  the  meeting  on  that  subject. 

*  For  these  reports  see  pages  13  to  23  of  Proceedings  for  January,  1917 
(Vol.    XLIII). 

t  See  page  79. 

t  Now  Assoc.  M.  Am.  Soc.  C.  E. 
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George  W.  Tillson,  M.  Am.  Soc.  C.  E.,  on  behalf  of  W.  W.  Crosby, 
M.  Am.  Soc.  C.  E.,  Chairman  of  the  Special  Committee  on  Materials 
for  Eoad  Construction  and  Standards  for  their  Test  and  Use,  pre- 
sented a  Progress  Report  of  that  Committee.* 

L.  D.  Rights,  M.  Am.  Soc.  C.  E.,  Secretary  of  the  Special  Com- 
mittee on  Steel  Columns  and  Struts,  presented  a  Progress  Report  of 
that  Committee.f 

J.  R.  Worcester,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Special  Com- 
mittee on  Concrete  and  Reinforced  Concrete,  presented  the  Final 
Report  of  that  Committee.:}: 

On  motion,  duly  seconded,  the  report  was  received  and  the  Com- 
mittee discharged  with  thanks. 

On  motion,  duly  seconded,  the  question  of  the  appointment  of  a 
new  Special  Committee  on  Concrete  and  Reinforced  Concrete  was 
referred  to  the  Board  of  Direction. 

N.  P.  Lewis,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Special  Committee 
to  Investigate  the  Conditions  of  Employment  of,  and  Compensation 
of,  Civil  Engineers,  presented  the  Final  Report  of  that  Committee.§ 

On  motion,  duly  seconded,  the  report  was  accepted  with  thanks  and 
the  Committee  discharged. 

Frederic  P.  Stearns,  Past-President,  Am.  Soc.  C.  E.,  Chairman  of 
the  Special  Committee  to  Formulate  Principles  and  Methods  for  the 
Valuation  of  Railroad  Property  and  Other  Public  Utilities,  presented 
the  Report  of  that  Committee.  || 

On  motion,  duly  seconded,  the  report  was  accepted  with  thanks, 
and  the  question  of  the  termination  of  the  work  and  the  discharge 
of  the  Committee,  at  such  time  as  it  shall  have  completed  its  work 
in  summing  up  and  replying  to  discussions  arising  from  the  presenta- 
tion of  its  Final  Report,  was  referred  to  the  Board  of  Direction  with 
power. 

Robert  A.  Cummings,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Special 
Committee  to  Codify  Present  Practice  on  the  Bearing  Value  of  Soils 
for  Foundations,  reported  progress. 

A.  N.  Talbot,  M.  Am.  Soc,  C.  E.,  Chairman  of  the  Special  Com- 
mittee on  Stresses  in  Railroad  Track,  reported  progress. 

On  motion,  duly  seconded,  the  Special  Committee  on  Floods  and 
Flood  Prevention,  which  presented  its  Final  Report  at  the  last  Annual 
Meeting,  and  by  the  action  of  that  meeting,  was  continued  in  order 

*  Printed  on  pages  1611  to  1642  of  Papers  and  Discussions  in  Proceedings  for 
December,  1916. 

t  Printed  on  pages  1643  to  1656  of  Papers  and  Discussions  in  Proceedings  for 
December,  1916. 

t  Printed  on  pages  1657  to  1708  of  Papers  and  Discussions  in  Proceedings  for 
December,  1916. 

§  Printed  on  pages  1603  to  1610  of  Papers  and  Discussions  in  Proceedings  for 
December,  1916. 

II  Printed  on  pages  1709  to  1938  of  Papers  and  Discussions  in  Proceedings  for 
December,  1916. 
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that  it  might  co-operate  with  the  Special  Committee  on  A  National 
Water  Law,  was  formally  discharged. 

On  motion,  duly  seconded,  the  question  of  the  appointment  of  a 
committee  of  five  to  investigate  and  report  on  the  conditions  and 
opportunities  for  American  engineers  in  Russia  and  in  South  America, 
was  referred  to  the  Board  of  Direction. 

H.  R.  Buck,  M.  Am.  Soc.  C.  E.,  presented  the  following  resolution: 

"Resolved:  That  the  Board  of  Direction  be  requested  to  investigate 
the  wisdom  of  establishing  student  branches  of  this  Society,  similar 
to  the  forty  now  successfully  organized  within  the  American  Society 
of  Mechanical  Engineers,  and  the  Board  of  Direction  is  requested  to 
report  to  the  Society  and  secure  an  expression  of  opinion  and  discussion 
from  the  membership  in  season  for  the  matter  to  be  presented,  if 
desired,  in  the  form  of  an  amendment  to  the  Constitution  to  be  dis- 
cussed at  the  next  Annual  Meeting." 

On  motion,  duly  seconded,  the  resolution  was  carried. 

The  Secretary  read  a  letter  from  Percival  M.  Churchill,  Assoc.  M. 
Am.  Soc.  C.  E.,  offering  the  following : 

"Moved,  That  this  Society  appoint  a  committee  of  three  to  formu- 
late a  plan  for  the  systematic  marketing  of  Engineering  Services.  The 
Committee  to  be  empowered  and  directed  to  request  the  co-operation 
of  the  other  National  Engineering  Societies,  especially  the  Consultwig, 
Mining,  Mechanical,  and  Electrical  Societies.  The  Committee  be 
empowered  to  employ  a  competent  progressive  Engineer,  if  deemed 
advisable,  to  work  out  the  details  of  such  a  plan.  This  Committee 
to  be  appointed  by  the  President  within  a  month  and  to  distribute 
its  preliminary  plans  to  the  members  of  the  Society  before  the  regular 
summer  meeting  of  the  Society.  The  Committee  be  empowered  to 
spend  not  over  $5  000  for  this  purpose  from  the  funds  of  the  Society." 

On  motion,  duly  seconded,  the  matter  was  referred  to  the  Board  of 
Direction. 

The  Secretary  made  some  announcements  in  reference  to  the  excur- 
sions, and  read  a  letter  from  George  A.  Harwood,  M.  Am.  Soc.  C.  E., 
offering  facilities  to  any  one  wishing  to  visit  the  Grand  Central 
Terminal. 

The  Secretary  also  read  letters  from  F.  L.  Hutchinson,  Secretary 
of  the  American  Institute  of  Electrical  Engineers,  Bradley  Stoughton, 
Secretary  of  the  American  Institute  of  Mining  Engineers,  and  Calvin 
W.  Rice,  Secretary  of  the  American  Society  of  Mechanical  Engineers, 
offering  the  members  of  this  Society  all  the  privileges  of  the  Members' 
Rooms  of  those  Societies  during  Wednesday,  January  17th,  1917. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  express 
to  the  Secretaries  of  the  various  Societies  the  appreciation  of  this 
meeting  for  the  courtesies  extended. 

The  Secretary  presented  the  report  of  the  Tellers  appointed  to 
canvass  the  Ballot  for  Officers  for  the  ensuing  year. 
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The  President  announced  the  election  of  the  following  officers: 

President,  to  serve  one  year: 

George  H.  Pegram,  New  York  City. 

Vice-Presidents,  to  serve  two  years: 

George  W.  Kittredge,  New  York  City. 

George   S.  Webster,  Philadelphia,  Pa. 

Treasurer,  to  serve  one  year: 
George  W.  Tillson,  Brooklyn,  N.  Y. 

Directors,  to  serve  three  years: 
Alfred  D.  Flinn,  New  York  City. 
Lewis  D.  Rights,  New  York  City. 
William  R.  Hill,  Albany,  N.  Y. 
Arthur  P.  Davis,  Washington,  D.  C. 
W.  L.  Darling,  St.  Paul,  Minn. 
E.  H.  Thomson,  Seattle,  Wash. 

Desmond  FitzGerald  and  John  A.  Ockerson,  Past-Presidents,  Am. 
Soc.  C.  E.,  conducted  Mr.  Pegram  to  the  chair. 
Mr.  Pegram  addressed  the  meeting  briefly. 

Adjourned. 

SPECIAL  MEETINQS  FOR  THE  DISCUSSION  OF  THE 

PROGRESS  REPORT  OF  THE  SPECIAL   COMMITTEE  ON 

MATERIALS  FOR  ROAD  CONSTRUCTION 

January  19th,  1917.— The  meeting  was  called  to  order  at  10.30 
a.  m.;  George  W.  Tillson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  A.  H. 
Blanchard,  M.  Am.  Soc.  C.  E.,  acting  as  Secretary;  and  present,  also, 
204  members  and  guests. 

The  chair  annoiuiced  that  the  meeting  had  been  called  for  the 
purpose  of  discussing  the  Progress  Report  of  the  Special  Committee  on 
Materials  for  Road  Construction  and  on  Standards  for  Their  Test 
and  Use. 

Written  discussions  by  Messrs.  Clifford  Richardson,  E.  A.  Stevens, 
Caleb  Hyatt,  Edward  Whitwell,  and  William  Goldsmith,  were  read  by 
the  Secretary.  The  report  was  then  discussed  orally  by  Messrs.  W.  B. 
Blair,  E.  W.  Stern,  W.  H.  Fulweiler,  J.  A.  Beeler,  W.  M.  Kinney,  J.  A. 
Johnston,  C.  D.  Pollock,  C.  E.  Mickey,  Prevost  Hubbard,  George  P. 
Hemstreet,  Clifford  Richardson,  Samuel  Whinery,  H.  S.  Mattimore, 
A.  H.  Blanchard,  T.  M.  Ripley,  A.  N.  Johnson,  P.  P.  Sharpies,  W.  H. 
Connell,  Herbert  Spencer,  H.  E.  Breed,  and  R.  B.  Gage. 

Adjourned. 

January  19111,1917. — The  meeting  was  called  to  order  at  2.30  p.  M.; 
George  W.  Tillson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  A.  H.  Blanchard, 
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M.  Am.  Soc.  C.  E.,  acting  as  Secretary;  and  present,  also  146  members 
and  guests. 

The  discussion  of  the  Progress  Eeport  of  the  Special  Committee 
on  Materials  for  Eoad  Construction  was  resumed.  Written  discussions 
by  Messrs.  Clifford  Richardson,  "William  Goldsmith,  E.  A.  Stevens, 
F.  W.   Cherrington,  Edward  Whitwell,   W.   C.   Perkins,  and   Sanford 

E.  Thompson  were  presented  by  the  Secretary.  The  oral  discussion 
was  continued  by  Messrs.  E.  W.  Stern,  Clifford  Richardson,  H.  L. 
Maier,  C.  E.  Mickey,  J.  W.  Howard,  Samuel  Whinery,  A.  N.  Johnson, 
J.  A.  Beeler,  W.  M.  Kinney,  H.  S.  Mattimore,  D.  A.  Abrams,  R.  A. 
Meeker,  W.  B.  Blair,  M.  B.  Greenough,  Prevost  Hubbard,  C.  D. 
Pollock,  H.  W.  Durham,  W.  H.  Connell,  R.  A.  MacGregor,  W.  H. 
Broadhurst,  W.  H.  Fulweiler,  S.  R.  Church,  and  George  W.  Tillson. 

Adjourned. 

February  7th,  1917.— The  meeting  was  called  to  order  at  8.30  p.  m.  ; 
Director  L.  D.  Rights  in  the  chair;  Chas.  Warren  Hiuit,  Secretary; 
and  present,  also,  175  members  and  24  guests. 

The  minutes  of  the  meetings  of  December  20t];i,  1916,  and  January 
3d,  1917,  were  approved  as  printed  in  Proceedings  for  January,  1917. 

The  Secretary  gave  a  description  of  the  work  already  accomplished 
by  the  Alfred  Noble  Memorial  Committee,  and  exhibited  lantern  slide 
views  of  models  of  the  memorial  and  of  the  site  on  which  it  is  to  be 
erected. 

A  paper  by  A.  C.  Dennis,  M.  Am.  Soc.  C.  E.,  entitled  "Construction 
Methods  for  Rogers  Pass  Tunnel",  was  presented  by  the  Secretary, 
who  also  read  a  communication  on  the  subject  from  Mr.  E.  Lauchli. 
The  paper  was  then  discussed  orally  by  Messrs.  R.  A.  Shailer,  R.  E. 
Dougherty,  James  F.  Sanborn,  Lazarus  White,  T.  Kennard  Thomson, 

F.  L.  Stuart,  J.  Y.  Davies,  T.  H.  Wiggin,  C.  R.  Hulsart,  and  S.  A. 
Knowles. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  January  15th,  1917: 

As  Members 

Fred  Buck,  Rockledge,  Fla. 

Sylvester  Quayle  Cannon,  Salt  Lake  City,  Utah 

McGarvey  Cline,  Jacksonville,  Fla. 

Charles  Dickey  Collins,  New  York  City 

Harry  Willet  Rhodes,  San  Francisco,  Cal. 

Charles  Beecher  Stanton,  Pittsburgh,  Pa. 

Guy  Sterling,  Salt  Lake  City,  Utah 

As  Associate  Members 

Edward  Dahl  Ardery,  New  York  City 
Merwin  Armstrong,  Duluth,  Minn. 
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John  Pollock  Bonner,  Seth,  W.  Va. 

Harry  Kerbaucii  Carpenter,  Clarksburg,  W.  Va. 

Del  MAR  Smith  Clinton,  San  Francisco,  Cal. 

Richard  Stevens  Danforth,  San  Francisco,  Cal. 

Albert  Lee  Donnelly,  New  Haven,  Conn. 

Beverly  Charles  Dunn,  Washington,  D.  C. 

Victor  Newton  Duplty,  Juneau,  Alaska 

Arthur  H,  Edgren,  Lincoln,  Nebr. 

Haywood  Renick  Faison,  Wilmington,  N.  C. 

Leland  Isaac  Gale,  Oakland,  Cal. 

John  Gardner  Gordon,  Jr.,  Los  Angeles,  Cal. 

John  Herbert  Harvell,  Seeley,  Cal. 

Thomas  Heatley,  New  York  City 

Horace  Wright  Hollingsworth,  Tulsa,  Okla. 

Harold  Devillo  Hynds,  New  York  City 

Charles  Comfort  Kinne,  Cleveland,  Ohio 

Thomas  Silvester  Leavitt,  Bolivar,  Mo. 

Dixon  Brown  Penick,  Austin,  Tex. 

Albert  Ayer  Peters,  San  Luis  Obispo,  Cal. 

Harry  Christian  Poske,  El  Paso,  Tex. 

John  Harvey  Robinson,  Mercer,  Pa. 

Grover  Cleveland  Sessler,  Philadelphia,  Pa. 

Fred  Mathews  Sloane,  Chicago,  111. 

Seisuke  Takahashi,  Kansas  City,  Mo. 

Walter  Stephen  Tandrow,  Los  Angeles,  Cal. 

Charles  Cofran  Hubbard  Thomas,  Fresno,  Cal. 

Carl  Hawley  Watson,  Great  Neck,  N.  Y. 

George  Linton  Watson,  Tampa,  Fla. 

John  Henry  Weller,  Brighton,  Trinidad 

Bernard  Wich,  Brooklyn,  N.  Y. 

As  Associate 
Parker  Richards  Whitney,  Ambridge,  Pa. 

As  Juniors 

Leon  Aronescu,  New  York  City 
Nathan  Thomas  Ashkins,  Chicago,  111. 
George  Gilbert  Bothum,  Chicago,  111. 
Earl  Harry  Collins,  Sault  Ste.  Marie,  Mich. 
George  Daniel  Fried,  Brooklyn,  N.  Y. 
George  Washington  Gardner,  Madison,  N.  J. 
James  Holcombe  Genung,  Preston,  Cuba 
David  Francis  Giboney,  Tela,  Honduras 
George  Washington  Graff,  Kingston,  N.  Y. 
Daniel  Coughlin  Kane,  Brooklyn,  N.  Y. 
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Harold  Carpendale  Maslen,  New  York  City 

Simon  Medine,  New  York  City 

David  Nelson  Milhan,  Atlanta,  Ga. 

Armando  de  Arruda  Pereira,  Sao  Paulo,  Brazil 

Joseph  Pickus,  Sioux  City,  Iowa 

Reis  Joseph  Ryland,  San  Jose,  Cal. 

William  Osborne  Sell,  Cincinnati,  Ohio 

Harold  Clinton  Seward,  Brooklyn,  N.  Y. 

James  Leo  Smith,  New  York  City 

Uel  Stephens,  Arkansas  City,  Ark. 

Maurice  Pelham  van  Buren,  New  Brighton,  N.  Y. 

Andrew  Jackson  Van  Sise,  Audubon,  Iowa 

Watson  Frank  Walker,  Detroit,  Mich. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  January  15th  and  16th,  1917 : 

From  Associate  Member  to  Member 
Albert  Cornelius  Arend,  Omaha,  Nebr. 
Charles  Dwight  Avery,  Cheyenne,  Wyo. 
John  Edwin  Banks,  Ambridge,  Pa. 
Joseph  Shirley  Bright,  San  Bernardino,  Cal. 
John  Otis  Burrage,  San  Francisco,  Cal. 
George  Gale  Dixon,  Akron,  Ohio 
Burton  Percival  Fleming,  Iowa  City,  Iowa 
Herman  Keene  Higgins,  Jackson,  Mich. 
Julius  Kahn,  Youngstown,  Ohio 
George  Latimore  Lucas,  New  York  City 
Justin  Wyman  Ludlow,  San  Pedro,  Cal. 
Edward  Newton  Noyes,  Dallas,  Tex. 
Howard  Eastwood  Phelps,  Boulder,  Colo. 
Henry  Blanchard  Pratt,  Waltham,  Mass. 
George  Austin  Quinlan,  Chicago,  111. 

From  Junior  to  Associate  Member 
Ernest  Samuel  Alderman,  West  Palm  Beach,  Fla. 
Harry  Arthur  Armstrong,  Sacramento,  Cal. 
William  Andrews  Bartlett,  Devon,  Conn. 
Charles  Fowler  Bornefeld,  Minneapolis,  Minn. 
Walter  Woodbridge  Clifford,  Hyde  Park,  Mass. 
Robert  Joseph  Colgan,  Dravosburg,  Pa. 
Robert  Edward  Dakin^  New  Haven,  Conn. 
Virgil  Allen  Eberly,  Washington,  D.  C. 
Benjamin  Jay  Garnett,  Spokane,  Wash. 
Orin  Wilson  Harrah,  Nashua,  Mont. 
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George  Cleveland  Haun,  Chicago,  111. 
William  Westerfield  Havens,  New  York  City 
Edwin  Ambler  Ingham,  Grace,  Idaho 
Charles  Scott  Patterson,  Wichita  Falls,  Tex. 
Charles  Franklin  Eeaney,  Waterloo,  Iowa 
Arthur  Porter  Smyth,  Poison,  Mont. 
Austin  Kussell  Willard  Sperry,  Folsom,  Cal. 
George  Sparkman  Ward,  Spartanburg,  S.  C. 

The  Secretary  announced  the  following  deaths: 

Andrew  Chase  Cunningham,  of  Washington,  D.  C,  elected  Asso- 
ciate Member,  September  2d,  1891;  Member,  October  3d,  1894;  died 
January  13th,  1917. 

KiCHARD  Evans,  of  Jamaica,  ]^.  Y.,  elected  Member,  June  7th,  1893 ; 
died  December  30th,  1916. 

Thomas  Chalmers  McCollom,  of  Philadelphia,  Pa.,  elected  Mem- 
ber, May  3d,  1882;  died  January  4th,  1917. 

Sir  Hiram  Stevens  Maxim,  of  London,  England,  elected  Member, 
October  7th,  1885;  died  November  24th,  1916. 

Henry  Gordon  Stott,  of  New  York  City,  elected  Member,  July  1st, 
1908 ;  died  January  15th,  1917. 

George  Alexander  Hutchings  Mould,  of  Brooklyn,  N.  Y.,  elected 
Associate  Member,  December  7th,  1904;  died  January  21st,  1917. 

William  Stuart  Smith,  of  Eochester,  N.  Y.,  elected  Associate  Mem- 
ber, January  8th,  1902;  died  November  5th,  1916. 

Samuel  Forsythe  Thomson,  of  Brooklyn,  N.  Y.,  elected  Associate 
Member,  January  3d,  1906 ;  died  January  30th,  1917. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

January  15th,  1917. — The  Board  met  at  10.10  a.  m.  ;  President 
Herschel  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Bontecou,  Bush,  Coleman,  Craven,  Davies,  Duryea,  Endi- 
cott,  Fuller,  Greiner,  Harwood,  Humphreys,  Jonah,  McDonald,  Marx, 
Montfort,  Ockerson,  Randolph,  Swain,  and  Tuttle. 

Frederick  C.  Noble  was  unanimously  elected  a  Director  to  fill  the 
unexpired  term  of  the  late  Yirgil  G.  Bogue,  whose  death  occurred 
on  October  14th,  1916.  Mr.  Noble  was  notified  of  his  election  and  took 
his  seat  in  the  Board  about  an  hour  later. 

Mr.  Davies,  Chairman  of  the  Committee  on  Special  Committees, 
presented  a  Report. 

On  motion,  duly  seconded,  the  Report  of  the  Committee  was  received 
and    all    of    its    recommendations    adopted,    and    the    Secretary    was 
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instructed  to  publish  this  Report  in  Proceedings,^  together  with  the 
action  of  the  Board  thereon,  for  the  information  of  the  membership. 

Chas.  Warren  Hunt,  whose  term  as  one  of  the  representatives  of 
this  Society  on  the  United  Engineering  Society  Board  expires  this 
month,  was  reappointed  to  serve  for  three  yeai's,  and  the  terms  of  the 
other  two  representatives  of  this  Society  were  fixed  as  follows:  The 
term  of  Clemens  Herschel  to  terminate  in  January,  1918,  and  the  term 
of  J.  Vipond  Davies  to  terminate  in  January,  1919. 

The  Annual  Report  of  the  Board  of  Direction  was  adopted  for  pres- 
entation to  the  Annual  Meeting. 

The  Secretary  reported  that  the  total  amount  of  cash  paid  to  date 
to  the  United  Engineering  Society  on  account  of  the  enlargement  of 
the  Thirty-ninth  Street  Building  is  $67  000.  He  further  reported,  as 
a  member  of  the  Building  Committee  of  the  U.  E.  S.,  that  the  columns 
for  the  support  of  the  additional  stories  had  been  finished  at  a  cost  of 
approximately  $60  000,  and  that  a  contract  for  the  remainder  of  the 
work  had  been  let. 

A  letter  from  Chas.  F,  Rand,  President,  U.  E.  S.,  was  presented, 
addressed  to  the  four  Founder  Societies,  which  stated  that,  due  entirely 
to  increased  cost  of  materials  of  construction,  the  estimate  originally 
made  for  the  cost  of  the  enlargement  would  be  exceeded  by  an  estimated 
amount  of  $50  000,  making  a  total  estimated  cost  of  $300  000  instead 
of  $250  000  as  originally  estimated,  and  suggesting  that  the  increased 
cost  of  the  addition  should  be  assumed  equally  by  the  four  Founder 
Societies. 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  inform 
Mr.  Rand  that  this  Society  agrees  to  be  responsible  for  its  one-quarter 
of  the  deficit. 

Matters  relating  to  the  proposed  sale  of  the  real  property  of  the 
Society  were  considered. 

The  appointment  of  Messrs.  Clemens  Herschel,  "William  H.  Bixby, 
and  William  H.  Yates,  to  represent  the  Society  at  any  conference  in 
Washington  on  the  subject  of  Water  Power  Development,  was  reported. 

The  Secretary  reported  the  appointment  by  President  Herschel  of 
Messrs.  William  H.  Burr,  John  H.  Gregory,  and  Henry  N.  Latey  to 
represent  this  Society  at  a  conference  with  similar  committees  from 
the  Mining,  Mechanical,  Electric,  and  Testing  Materials  Societies,  on 
the  subject  of  American  Engineering  Standards. 

The  Report  of  the  Committee  to  Recommend  the  Award  of  Prizes 
for  the  year  ending  July,  1916,  was  presented. f 

On  motion,  duly  seconded,  the  recommendations  of  the  Report  were 
adopted  as  the  action  of  the  Board. 

*  See  page  124. 
t  See  page  79. 
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The  Constitutiou  of  the  newly-formed  Nebraska  Association  of 
Members  of  the  Society  was  presented  and  approved  by  the  Board. 

Letters  from  two  Local  Associations  of  Members,  asking  for  rulings 
as  to  the  proper  relations  of  Local  Associations  of  Members  to  the 
Society,  to  similar  Associations  of  other  Societies,  and  to  local  Engi- 
neering Associations  and  Clubs,  as  well  as  the  question  of  how  far  such 
Local  Associations  may  properly  go  in  local  matters  of  a  more  or  less 
public  nature,  were  considered.  The  President  was  authorized  to 
appoint  a  Committee  of  three  to  report  back  to  the  Board  on  the 
subject. 

The  President  subsequently  appointed  Messrs.  Daniel  Bontecou, 
Hunter  McDonald,  and  Frank  G.  Jonah. 

A  Committee  was  appointed  to  represent  this  Society  in  a  con- 
ference with  similar  committees  of  other  National  Societies  to  con- 
sider matters  of  joint  interest  to  the  Profession  of  Engineering  as  dis- 
tinct from  purely  technical  activities. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

The  resignations  of  14  Members,  28  Associate  Members,  9  Juniors, 
and  1  Associate  were  accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  7  Members,  31  Associate  Members,  1  Associate,  and  23  Juniors,  and 
the  transfer  of  18  Juniors  to  the  grade  of  Associate  Member. 

Fifteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Adjourned. 

January  i6th,  1917. — The  Board  met  at  3.50  p.  M.,  immediately 
upon  the  adjournment  of  the  Membership  Committee;  President 
Herschel  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also, 
Messrs.  Bontecou,  Coleman,  Cooley,  Crocker,  Davies,  Duryea,  Endicott, 
Greiner,  Humphreys,  Jonah,  McDonald,  Marx,  Montfort,  Noble,  Oclver- 
son,  Randolph,  and  Tuttle. 

A  report  from  the  Membership  Committee  was  received  and  acted 
upon. 

It  was  decided  that  on  the  Report  of  Disbursements,  which  accom- 
panied the  Report  of  the  Board  of  Direction,  the  item  ''Salaries  of 
Officers"  should  be  explained  by  a  foot-note  giving  the  yearly  salaries 
of  the  Secretary,  of  the  Treasurer,  and  of  the  Assistant  Secretary,* 
■    Adjourned  4.25  p.  m. 

*The  Report  of  Disbursements  having  already  gone  to  press  for 
the  January  Number  of  Proceedings,  this  information  could  not  be 
added  to  it,  and  it  is  here  given. 

The  salary  of  the  Secretary  is $12  000 

"         "        "     "     Assistant  Secretary  is 3  000 

«         "        "     "     Treasurer   is 100 
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January  17th,  1917. — 1.40  P.  M. — The  Board  met,  as  required  by 
the  Constitution  (Art.  VI,  Sec.  7),  at  29  West  39th  Street,  New  York 
City;  President  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  Messrs.  Coleman,  Craven,  Crocker,  Darling,  Davies, 
Davis,  Duryea,  Flinn,  Harwood,  Hawley,  Hill,  Jonah,  Kittredge, 
Khuen,  McDonald,  Marx,  Noble,  Ockerson,  Rights,  Swain,  Tillson, 
and  Webster. 

The  President  announced  that  the  first  business  was  the  election 
of  a  Secretary. 

Mr.  Hunt  retired. 

Chas.  Warren  Hunt  was  nominated  for  Secretary,  and  nominations 
were  closed. 

Mr.  Hunt  was  unanimously  elected. 

It  was  moved  and  seconded  that  the  salary  of  the  Secretary  be  fi-xed 
at  $7  500. 

An  amendment  to  substitute  $12  000  was  made  and  seconded. 

On  motion,  duly  seconded,  the  amendment  was  carried,  and  the 
original  motion  as  amended  was  adopted  by  the  unanimous  vote  of  the 
members  present. 

Mr.  Hunt  was  recalled. 

The  following  Standing  Committees  of  the  Board  were  appointed: 
Finance  Committee:  George  W.  Kittredge,  Chairman,  Alfred  Craven, 
Alexander  C.  Humphreys,  Otis  P.  Clapp,  and  Frank  G.  Jonah;  Pub- 
lication Committee:  George  A.  Harwood,  Chairman,  Lewis  D.  Rights, 
Frederick  C.  Noble,  J.  E.  Greiner,  and  John  F.  Coleman;  Library 
Committee:*  George  A.  Harwood,  A.  D.  Flinn,  Lewis  D.  Rights, 
J.  V.  Davies,  and  Chas.  Warren  Hunt;  Committee  on  Special  Com- 
mittees: J.  V.  Davies,  Chairman,  George  W.  Tillson,  and  W.  L. 
Darling. 

Adjourned. 

*  Representatives  of  the  Society  on  the  Library  Board  of  the  United  Engineering 
Society. 
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REPORT   IN    FULL  OF  THE   SIXTY=FOURTH    ANNUAL    MEETING, 
JANUARY   17TH  AND   18TH,   1917 

Wednesday,  January  17th,  1917  (10  A.  M.).— The  Sixty-Fourth 
Annual  Meeting  was  called  to  order  in  the  Auditorium  of  the  United 
Engineering  Society's  Building,  25  West  39th  street,  New  York  City; 
President  Clemens  Herschel  in  the  chair;  Charles  Warren  Hunt,  Sec- 
retary ;  and  present,  also,  about  600  members. 

The  President. — It  has  been  suggested  that  it  would  be  a  gracious 
thing  if  the  Past-Presidents  of  the  Society  would  kindly  step  forward 
and  take  seats  on  the  platform ;  I  hope  they  will  do  so. 

Gentlemen  of  the  American  Society  of  Civil  Engineers,  it  is  hardly 
necessary  for  me  to  state  the  pleasure  it  gives  me  to  greet  the  Society 
and  give  you  a  welcome  in  this  hall.  We  are  here,  and  we  are  also  on 
Fifty- Seventh  Street  as  yet,  and  our  being  here  is  largely  due  to  the 
invitation  of  the  United  Engineering  Society,  which  is  the  holding 
company  for  this  real  estate. 

If  Mr.  Eand,  the  President  of  that  Society,  is  here,  I  would  like 
to  have  him  come  forward  and  say  a  few  words  to  you  on  this  occasion. 

Charles  F.  Rand,  Esq.,  President,  United  Engineering  Society. — 
As  one  who  has  looked  forward  very  earnestly  to  this  day,  and  who 
has  made  a  modest  effort  in  favor  of  the  new  arrangements,  it  is  a 
peculiar  satisfaction  to  be  the  representative  of  the  Trustees  of  the 
United  Engineering  Society,  and  to  welcome  you,  on  the  occasion  of 
your  first  meeting  in  this  building  in  which  you  now  own  a  quarter 
interest. 

As  this  is  your  Annual  Meeting,  I  cannot  take  your  time  for  ex- 
tended remarks,  yet  it  seems  proper  that  I  should  call  attention  to  a 
few  facts  respecting  the  United  Engineering  Society  with  which  you 
are  now  identified. 

The  United  Engineering  Society  exists  for  the  purpose  of  holding 
the  legal  title  to  certain  of  the  property  of  the  Society  of  Civil,  Mining, 
Mechanical,  and  Electrical  Engineers — and  to  act  for  them  in  certain 
matters. 

The  value  of  its  property,  including  real  estate,  the  Library,  and 
the  Reserve  and  Endowment  funds  exceeds  two  million  dollars,  all  free 
and  clear. 

The  total  membership  of  the  four  Founder  societies  is  29  000,  and 
the  membership  of  associate  societies  is  23  000,  making  a  grand  total 
of  52  000  engineers,  who  now  have  headquarters  in  this  building. 

As  is  well  known,  the  United  Engineering  Society  stands,  not  over, 
but  under  the  Founder  societies.  It  is  organized  to  perform  for  the 
Founders  certain  specific  acts  which  are  governed  by  contracts.  There 
is  no  merger  of  societies,  each  retains  its  individuality.  The  United 
Engineering  Society  enables  the  Founders  to  co-operate  conveniently. 
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The  Engineering  Foundation  is  a  fund  of  $200  000,  belonging  to  the 
United  Engineering  Society,  established  for  engineering  research,  with 
a  gift  from  Ambrose  Swasey,  and  which  fund  it  is  hoped  will  soon  be 
increased  many  times. 

The  great  Library  now  includes  that  of  the  Civil  Engineers,  and 
contains  approximately  75  000  bound  volumes  and  50  000  unbound.  It 
is  believed  to  be  the  largest  engineering  collection  in  the  world.  Plans 
have  been  made  for  the  development  of  the  Library,  which  contemplate 
the  expenditure  of  $50  000  annually.  At  present  the  societies  can  only 
afford  to  spend  $20  000  per  year.  The  Library  has  an  endowment  of 
$100  000.  This  we  hope  may  soon  amount  to  a  million,  as  the  Library 
needs  the  income  from  that  sum. 

The  United  Engineering  Society  has  been  established  thirteen  years. 
It  was  originally  developed  through  the  efforts  of  the  Society  of  Mining, 
Mechanical,  and  Electrical  Engineers.  To  this  organization  the  Amer- 
ican Society  of  Civil  Engineers  has  joined  its  strength  and  prestige, 
and  takes  a  leading  part. 

Your  new  home  is  being  rapidly  prepared  for  you,  and  will  be  ready 
during  the  current  year.  The  six  months  of  intimate  association  and 
cordial  co-operation  we  have  already  had  with  the  officers  of  your 
Society  indicates  that  a  move  has  been  taken  of  great  value  and  im- 
portance to  engineers. 

Gentlemen:    Welcome  to  your  own  home. 

The  President. — The  first  business  is  to  announce  that  Messrs.  B. 
F.  Cresson,  Jr.,  Clifford  B.  Moore,  Robert  W.  Boyd,  Noah  Cummings, 
Richard  H.  Gillespie,  Alexander  Haring  and  H.  B.  Machen  have  been 
appointed  Tellers  to  canvass  the  Ballots  for  Officers,  and  their  report 
will  be  ready  for  presentation  before  the  close  of  the  meeting. 

The  next  business  in  order  is  the  report  of  the  Board  of  Direction, 
Mr.  Secretary. 

The  Secretary  presented  the  Report  of  the  Board  of  Direction*  and 
the  Report  of  the  Secretary.! 

The  Secretary. — The  Treasurer,  Mr.  Lincoln  Bush,  has  asked  me 
to  present  his  report  for  him,  as  he  could  not  get  here  this  morning. 

The  Secretary  read  the  Report  of  the  Treasurer.:}: 

The  President. — What  is  your  pleasure  in  regard  to  these  reports? 

(Moved  and  seconded  that  the  reports  be  accepted.) 

The  President. — It  is  moved  and  seconded  that  the  reports  be  ac- 
cepted and  placed  on  file.  All  in  favor  say  "aye";  contrary  minded, 
"no." 

(Motion  carried.) 

*  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XLIII,  p.  13  (January,  1917). 
t  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XLIII,  p.  20  (January,  1917). 
t  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XLIII,  p.  23  (January,  1917) 
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The  President. — The  report  of  the  Committee  to  Recommend  the 
Award  of  Prizes  for  1916,  and  the  action  of  the  Board  of  Direction 
in  relation  thereto. 

The  Secretary. — I  have  to  report  that  the  Board  of  Direction  has 
received  the  recommendations  of  this  Committee  and  has  made  the 
awards  in  accordance  with  that  report.    The  report  is  as  follows : 

"To  THE  Secretary 

OF  THE  American  Society  of  Civil  Engineers. 

"Sir:  Your  committee,  having  very  carefully  read  and  marked  the 
papers  in  Volumes  LXXVIII  and  LXXIX,  recommends  that  the 
awards  be  made  as  follows : 

"The  Norman  Medal  to  Mr.  J.  A.  L.  Waddell :  Paper  1313,  Title— 
'The  Possibilities  in  Bridge  Construction  by  the  Use  of  High -Alloy 
Steels.' 

"The  J.  James  R.  Croes  Medal  to  Mr.  C.  E.  Smith:  Paper  1335, 
Title — 'History  of  Little  Rock  Junction  Railway  Bridge  of  the 
St.  Louis,  Iron  Mountain  and  Southern  Railway  Co.',  etc. 

"The  Thomas  Fitch  Rowland  Prize  to  Messrs.  E.  L.  Sayers  and 
A.  C.  Polk:  Paper  1334,  Titl^'The  Lock  12  Development  of  the  Ala- 
bama Power  Company,  Coosa  River,  Alabama.' 

"The  James  Laurie  Prize  to  Messrs.  William  G.  Grove  and  Henry 
Taylor :  Paper  1339,  Title — 'Reconstruction  of  the  Norfolk  and  Western 
Railway  Company's  Bridge  Over  the  Ohio  River',  etc. 

"The  Collingwood  Prize  for  Juniors  to  Messrs.  Harold  Perrine  and 
George  E.  Strehan:  Paper  1341,  Title — 'Cinder  Concrete  Floor  Con- 
struction Between  Steel  Beams.' 

"G.  J.  FiEBEGER,  Member. 
Wm.  Cain,  Member. 
W.  K.  Barnard,  Member." 

The  President. — The  next  business  is  the  appointment  of  members 
to  serve  on  the  Nominating  Committee,  and  the  report  of  the  Board  of 
the  count  of  the  final  suggestions  received  from  Districts  Nos.  1,  3,  5,  6, 
10,  11,  and  13. 

The  Secretary  presented  the  report  of  the  Tellers,  as  follows : 

''To  THE  Board  of  Direction, 

American  Society  of  Civil  Engineers  : 
"The  undersigned  Tellers  appointed  to  canvass  the  Final  Sugges- 
tions for  Members  of  the  Nominating  Committee  to  represent  Districts 
Nos.  1,  3,  5,  6,  10,  11,  and  13,  beg  leave  to  report  as  follows : 

"District  No.  1.- — Total  number  of  Suggestions  received,  324: 

"R.   S.  Buck 191  J.  S.  Langthorn 21 

D.L.Turner 105  Scattering    7 

"District  No.  3. — Total  number  of  Suggestions  received,  213 : 

"D.  B.  La  Du 131           E.A.Fisher 15 

John  F.   Skinner 34            T.  R.  Lawson 9 

O.  H.  Landreth 18            Scattering    6 
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"District  No.  5. — Total  number  of  Suggestions  received,  138 : 

"John  S.  Conway 62  Joseph  E.   Crawford. ....  5 

W.  L.  Seddon 41  P.  H.  Norcross 3 

W.  M.  Black 12  Scattering    8 

A.  P.  Davis 7 

"District  No.  6. — Total  number  of  Suggestions  received,  112 : 

"A.  J.  Himes 64  Morris   Knowles 19 

J.  A.  Atwood 23  Walter  M.  Smith 6 

''District  No.  10. — Total  number  of  Suggestions  received,  92 : 

"Arthur  O.  Eidgway 35  M.  S.  Ketchum 20 

Frank  E.  Weymouth. ...     34  Scattering    3 

"District  No.  11. — Total  number  of  Suggestions  received,  101: 

"Louis  C.  Hill 46  J.  B.  Lippincott 19 

C.  H.  Chamberlin 32  Scattering    4 

"District  No.  13. — Total  number  of  Suggestions  received,  102 : 

"W.  C.  Hammatt 38  B.  A.  Etcheverry 26 

C.  E.  Grunsky 35  Scattering    3 

"Arthur   S.   Tuttle, 
George  W.  Fuller, 
Lincoln  Bush, 

"Tellers." 

The  Districts  were  taken  up  separately,  and,  by  vote  of  the  meet- 
ing, the  following  members  of  the  Nominating  Committee  were  ap- 
pointed to  serve  for  two  years: 

R.  S.  Buck Representing  District  No.    1 

D.  B.  La  Du "  " 

John   S.   Conway "  " 

A.  J.  Himes "  " 

Arthur  O.  Ridgway "  "  "    10 

Louis  C.  H^l "  «  "    11 

W.  C.  Hammatt "  "  "    13 

The  President. — The  next  business  in  the  order  of  proceedings  is 
the  Report  of  the  Special  Committee  on  Engineering  Education, 
Desmond  FitzGerald,  Past-President,  Chairman. 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E. — Mr.  Pres- 
ident and  Gentlemen.  The  Committee  on  Engineering  Education 
desires  to  make  a  brief  progress  report.  I  wish  to  extend  the  thanks 
of  the  Committee  to  the  Society,  however,  for  the  forbearance  which 
they  have  shown  to  this  Committee.  It  is  now  about  seven  or  eight 
years  since  we  were  appointed,  and  as  yet  no  report.  It  is  no  wonder 
to  me  that  some  members  of  the  Society  have  kicked.     It  is  only  a 
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wonder  that  all  the  members  have  not  kicked;  but  after  all,  I  think 
it  is  what  you  might  expect  of  a  Society  made  up  of  the  material  of 
which  this  is  composed. 

We  studied  ourselves  for  a  number  of  years,  and  found  we  were 
making  but  very  little  progress.  Now,  as  you  know,  the  country  is 
full  of  cranks  on  this  subject.  Almost  every  man  believes  that  he 
knows,  that  he  holds  in  his  hand,  the  solution  of  this  difficult  problem 
of  Engineering  Education,  and  that  is  one  reason  why  I  have  stuck 
to  this  Committee  through  all  these  years,  because  I  believed  that  we 
should  take  a  conservative  view  of  it,  and  that  it  would  take  time  to 
work  out  a  proper  solution  of  this  important  question. 

Now,  after  a  number  of  years — after  we  were  working  alone — we 
joined  the  large  Committee  of  nineteen  members  who  were  working  on 
the  same  subject.  This  Committee,  the  Committee  on  Engineering 
Education  for  the  allied  Societies,  as  you  know,  has  been  doing  excel- 
lent work. 

This  Committee  is  composed  of  members  from  different  branches 
of  our  own  profession,  mechanical  engineers,  chemical  engineers,  min- 
ing engineers,  and  the  other  different  branches,  as  well  as  some  of  the 
outside  societies,  such  as  the  Society  for  General  Education  and  the 
Carnegie  Foundation. 

Now,  to  make  a  long  story  short,  we  have  succeeded  in  getting  the 
Carnegie  Foundation  to  take  this  matter  seriously  in  hand,  and  they 
have,  very  kindly,  not  only  spent  a  very  large  sum  of  money  for  us, 
under  our  direction,  but  they  have  devoted  their  thought,  which  is 
better  still,  and  their  interest.  Dr.  C.  E.  Mann  was  appointed  to  make 
that  investigation. 

Personally,  I  have  always  believed  that  if  engineering  education 
was  to  be  improved,  it  would  be  in  the  fundamentals,  in  the  principles, 
lying  at  the  foundation  of  the  structure. 

We  worked  a  number  of  years  along  the  lines  of  the  curricula,  and 
we  got  into  a  mess  of  trouble,  and  finally  it  dawned  on  me,  as  it  did 
I  think  on  other  members  of  the  Committee,  that  the  fundamental 
principles  of  engineering  education,  if  they  were  to  be  improved, 
would  result  in  real  benefit  to  the  Profession. 

Dr.  Mann  has  kindly  come  here  this  morning,  and  he  will  tell  you 
briefly  that  the  time  is  now  almost  at  hand  when  you  will  receive  a 
report  on  this  important  subject,  and  I  am  going  to  ask  Dr.  Mann  to 
say  a  few  words. 

I  want  to  say  first  that  I  believe  you  believe  with  me  that  engineer- 
ing is  now  on  the  threshold  of  a  most  important  change.  The  union 
of  all  the  different  branches  of  the  Profession  is  going  to  give  it  a 
strength  and  an  influence  which  will  be  almost  incalculable,  not  only 
in  the  Profession,  but  also  in  the  education  of  young  engineers,  and 
in  the  affairs  of  the  nation.     It  is  particularly  important,  I  believe, 
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therefore,  that  we  cannot  be  too  careful,  to  see  that  we  start  the  young 
engineer  in  the  right  course.  It  was  a  great  delight  to  me,  when,  very 
early  in  this  investigation,  Dr.  Mann  ''hit  the  trail,"  if  I  may  use  that 
expression,  on  these  very  fundamental  principles;  and  that  the  ques- 
tions of  the  personality  of  the  engineer,  and  particularly  of  his  char- 
acter, are  two  of  the  principal  matters  which  we  have  to  consider. 

x>[ow,  will  you  have  Dr.  Mann  say  a  few  words? 

C.  K.  Mann,  Esq. — Mr.  President  and  Gentlemen. — I  feel  rather 
ashamed  to  appear  before  this  organization  a  second  time  without  a 
completed  report,  but  the  fault  is  not  altogether  mine,  for  just  as  I  sat 
down  to  write  my  report  a  year  ago,  shortly  after  your  meeting,  you 
started  a  revolution  among  engineers,  concerning  the  status  of  the 
engineer  in  the  national,  political  and  social  life.  It  has  required 
almost  a  year  of  study  of  changing  relations  to  discover  their  trend  and 
meaning.  It  will  not  do  to  determine  the  general  principles  of  engi- 
neering education  until  we  know  what  the  country  is  going  to  demand 
of  its  engineers,  and  hence  the  delay  in  the  work. 

Since  the  last  meeting,  all  of  you  have  received  the  second  letter 
that  we  sent  asking  you  to  express  your  opinion  as  to  the  relative 
importance  of  character,  judgment,  efficiency,  understanding  of  men, 
and  knowledge  of  the  science  and  technique  of  engineering  practice. 
We  sent  29  000  letters  to  the  members  of  the  four  national  societies, 
and  have  received  7  070  replies.  The  statistical  analysis  of  these  replies 
shows  that  the  order  in  which  the  qualities  were  arranged  on  the  orig- 
inal card — the  order  that  was  determined  by  the  first  set  of  letters — is 
upheld  by  a  very  large  majority. 

The  replies  were  also  sorted  carefully  on  the  basis  of  years  of 
experience,  in  order  to  determine  whether  the  younger  engineers  take 
a  different  point  of  view  than  the  older  engineers,  but  there  is  abso- 
lutely no  difference.  For  example,  1  000  engineers  with  less  than  10 
years'  experience,  2  000  with  from  10  to  20  years'  experience,  and  1  000 
with  from  20  to  30  years'  experience  vote  that  character  is  more  im- 
portant than  knowledge  by  majorities  of  91.8,  91.9,  and  91.0%,  respec- 
tively. Hence  the  conclusion  that  this  statement  of  the  important 
elements  for  engineering  education  corresponds  really  to  some  funda- 
mental idea  in  the  engineer's  mind  as  to  the  qualities  necessary  to 
success  in  the  Profession. 

If  this  is  so,  what  is  its  meaning  for  the  schools?  Several  sugges- 
tions have  been  made  in  answer  to  this  question,  and  a  great  deal  of 
misunderstanding  has  arisen.  For  example,  a  correspondent  of  Engi- 
neering News,  last  year  suggested  that  this  was  a  new  kind  of  score 
card  for  rating  engineers,  analogous  to  the  score  cards  that  they  use 
in  cattle  judging  exhibitions.  Of  course,  nothing  of  the  sort  was  in- 
tended, as  such  a  use  would  not  help  the  schools.     To  get  the  inter- 
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pretation,  you  must  correlate  the  statement  on  that  card  with  modern 
educational  theory. 

It  is  a  generally  accepted  fact  in  education  that  a  student  learns 
best  and  most  efficiently  when  he  works  with  enthusiasm  at  his  studies; 
when  he  wants  to  do  the  work  at  the  time  that  he  is  doing  it.  When 
this  is  the  case  the  student  is  said  to  be  "motivated."  Similarly,  it  is 
generally  recognized  in  life — in  engineering  practice — that  a  man 
develops  best — develops  character,  judgment,  efficiency  and  those  other 
desired  qualities  best — when  he  works  with  enthusiasm  and  loves  his 
work. 

Therefore,  if  the  school  work  is  arranged  so  that  the  student  is 
''motivated"  while  he  is  doing  it — if  he  loves  his  school  work,  is  en- 
thusiastic over  it — he  develops  judgment,  character,  efficiency,  in  the 
same  way  that  he  does  in  life,  when  he  works  with  enthusiasm  and 
loves  his  job.  Hence,  the  first  connection  between  the  demands  of  the 
engineering  profession  and  the  school  work  is  through  motivation. 
If  we  can  motivate  the  school  work,  we  will  contribute  best  to  the 
development  of  those  much  desired  human  characteristics. 

There  is  another  connection  between  the  school  work  and  the  pro- 
fessional demand.  To  discover  this,  consider  what  is  the  most  impor- 
tant element  of  resourcefulness  or  of  common  sense. 

If  a  man's  machine  breaks  down  when  he  is  out  in  the  wilds  and 
he  can  relate  the  available  resources  to  the  break  in  the  machine  in 
such  a  way  as  to  make  it  run,  we  say  he  is  resourceful.  He  is  able  to 
see  new  relations  among  familiar  things. 

In  like  manner,  a  man  is  efficient  if  he  is  able  to  have  things  in 
their  proper  places  at  the  proper  time.  This,  again,  is  a  case  of  per- 
ceiving right  relationships  among  things.  In  other  words,  those  quali- 
ties that  are  demanded  by  the  engineering  profession  depend  on  a 
man's  ability  to  see  right  relationships  and  to  place  things  in  the  most 
expedient  relationships  with  one  another.  In  the  school  world  this  is 
called  "interrelation."  So  that  the  schools  will  be  contributing  most 
effectively  to  developing  in  students  those  qualities  which  the  engi- 
neers want,  if  they  develop  this  power  of  interrelation,  of  seeing 
things  in  the  right  relations.  This,  of  course,  is  accomplished  by 
interrelating  the  school  work  properly. 

In  these  two  words — "motivation"  and  "interrelation" — you  have 
the  key  to  the  educational  interpretation  of  that  card.  How  are  they 
used  in  testing  schools?  Take,  for  example,  the  word  "interrelation." 
How  are  the  schools  organized  to  foster  the  growth  of  this  power 
among  students? 

The  schools  are  organized  on  the  administrative  side,  in  separate 
departments.  If  an  engineering  school  is  a  part  of  a  large  university, 
the  departments  of  mathematics,  of  chemistry,  of  physics,  of  English, 
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and  of  German,  are  organized  under  the  arts  college  faculty,  while 
the  engineering  departments  are  organized  as  a  separate  faculty. 

One  of  the  most  serious  complaints  of  the  engineer  is  that  the 
professors  of  mathematics  do  not  teach  the  kind  of  mathematics  that 
the  engineering  students  can  use;  but  the  mathematics  department  is 
organized  with  the  arts  faculty,  while  the  engineering  departments 
are  organized  as  a  separate  faculty,  and  there  is  little  intercommunica- 
tion between  them.  The  result  is  that  there  is  very  little  interrelation 
between  the  department  teaching  mathematics  and  the  department 
teaching  engineering;  and  if  there  is  no  interrelation  in  the  organiza- 
tion, there  is  likely  to  be  little  interrelation  in  the  students'  minds. 

Therefore,  when  the  school  is  organized  so  that  the  various  depart- 
ments are  separate,  gas-tight  departments,  with  little  intercommunica- 
tion between  them,  you  cannot  expect  the  students  to  discover  inter- 
relations among  the  various  mathematical  subjects.  This  idea  of 
interrelation  not  only  applies  to  the  administration  of  the  school  as  a 
whole,  it  applies  equally  well  to  the  building  up  of  a  curriculum;  in 
this  way,  two  words,  "motivation"  and  "interrelation,"  can  be  used  to 
discover  the  strong  points  and  the  weaknesses  of  a  school. 

This  idea  is  now  being  embodied  in  the  report.  We  hope  to  have 
the  report  completed  within  a  few  months,  and  it  will  be  available  for 
distribution  to  any  of  you  who  are  sufficiently  interested  to  send  for  it. 
We  have  put  on  the  mailing  list  the  names  of  all  those  who  have 
replied  to  any  of  our  communications,  and  of  those  who  have  expressed 
a  desire  to  be  kept  informed  of  progress. 

The  President. — The  next  number  is  the  Progress  Report  of  the 
Special  Committee  on  Materials  for  Road  Construction  and  on  Stand- 
ards for  Their  Test  and  Use,  W.  W.  Crosby,  Chairman. 

The  report  is  printed  in  the  December,  1916,  Proceedings.  Is  Mr. 
Crosby  here?     Mr.  Tillson,  will  you  take  the  platform? 

George  W.  Tillson,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  the  Chair- 
man of  this  Committee  being  in  Texas,  doing  military  duty,  it  has 
devolved  upon  me  to  present  this  report,  and  in  doing  so,  I  want  to 
say  that  the  Committee  has  endeavored  to  work  during  the  past  year 
on  the  lines  as  designated  by  the  Meeting  a  year  ago.  The  Committee 
had  hoped  to  present  a  complete  report  this  year,  but  on  account  of 
the  enormous  amount  of  detail,  and  the  other  duties  of  the  Committee, 
as  well  as  the  absence  of  the  Chairman,  it  has  not  been  able  to  do  this. 

We  do  feel,  however,  that  if  the  Committee  is  continued,  it  will  be 
able  to  produce  a  final  report  in  another  year;  but  in  this  connection 
I  want  to  say  that  a  report  upon  such  a  subject  as  this,  a  subject  that 
covers  so  many  individual  items  and  things,  where  the  practice  is 
continually  changing,  can  never  be  a  final  report,  except  at  the  time 
that  it  is  made.  A  year  from  the  time  it  is  made  the  chances  are  that 
the  practices  will  have  changed  to  such  an  extent  that  the  report  would 
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not  be  up  to  date;  and,  in  order  to  keep  the  Society  informed  con- 
tinually, on  the  subject  that  is  outlined  in  this  report,  it  would  be 
necessary  to  have  a  standing  Committee,  which  should  make  every  year 
a  report  showing  what  changes  have  been  made  in  practices  during  the 
preceding  year,  and  what  amendments  should  be  made  in  the  principles 
adopted  by  the  Society. 

There  is  one  thing  more  that  I  would  like  to  mention :  In  the 
latter  part  of  the  report,  where  we  refer  to  wood  block  pavements,  I 
would  say  that  the  principles  outlined  there,  as  far  as  the  manvifacture 
or  the  treatment  of  the  blocks  is  concerned,  were  adopted  by  a  meeting 
held  in  Brooklyn  on  September  12th,  1916,  by  representatives  of  the 
Committees  of  the  American  Society  for  Testing  Materials,  the  Amer- 
ican Society  of  Mimicipal  Improvements,  the  American  Wood  Pre- 
servers' Association,  the  American  Railway  Engineering  Association, 
the  Southern  Pine  Association,  and  this  Society,  the  idea  being,  if 
possible  to  have  all  the  different  Committees  and  the  various  societies 
agree  upon  one  set  of  principles,  so  that  each  of  the  societies  would 
be  working  along  the  same  lines. 

This  was  accomplished,  and  these  principles,  as  given  here,  were 
adopted  by  the  American  Society  of  Municipal  Improvements,  in 
Newark,  in  October,  without  any  material  change,  and  they  have  been 
presented,  or  will  be  presented,  next  week  at  the  meeting  of  the  Amer- 
ican Wood  Preservers'  Association,  to  be  held  in  this  City.  But  I 
want  to  say  that,  since  those  principles  were  adopted  and  this  report 
was  made  and  reported  to  the  Society,  and  I  think  also  put  in  type,  a 
patent  has  been  issued  that  could  possibly  cover  some  of  the  principles 
as  indicated  in  the  question  of  treatment.  The  patentee  has  told  the 
Committee  of  the  American  Wood  Preservers'  Association  that  he  is 
willing  to  go  into  some  agreement  so  that  the  patents  will  not  inter- 
fere with  the  changed  use. 

Whether  that  agreement  can  be  worked  out  or  not  cannot  be  known 
until  the  meeting  of  the  Wood  Preservers'  Association  next  week.  I 
haAe  been  informed,  however,  by  ^'ood  authority,  that  if  in  this  report 
the  clause  that  refers  to  the  final  steaming  of  the  blocks,  after  they 
have  been  treated,  is  left  out,  there  will  be  no  possibility  of  any 
infringement  of  the  patent.  This  matter  will  be  considered  in  full  by 
the  Committee  before  a  final  report  is  made,  if  the  Committee  is 
continued. 

I  wish,  however,  to  make  it  clear  at  this  meeting  just  what  the 
situation  ^vas,  and  that  when  the  principles  were  adopted  by  the  Com- 
mittee nothing  was  known  about  this  patent.  I  do  not  think  there 
is  any  necessity  for  saying  anything  about  the  report,  except  possibly 
to  state  that  there  will  be  a  meeting  in  the  Society  House  on  57th 
Street  on  Friday  of  this  week  at  10  A.  M.^  to  discuss  in  detail  the 
principles  given  therein. 
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The  President.— The  next  business  will  be  the  Progress  Report 
of  the  Special  Committee  on  a  National  Water  Law,  F.  H.  Newell, 
Chairman.  This  report  is  printed  in  the  December,  1916,  Proceedings. 
Is  Mr.  Newell  present?  If  not,  inasmuch  as  the  report  is  printed, 
perhaps  we  had  better  proceed  to  the  next  nvmaber,  which  is  the  Prog- 
ress Report  of  the  Special  Committee  on  Steel  Columns  and  Struts, 
George  H.  Pegram,  Chairman.  The  report  is  printed  in  the  December, 
1916,  Proceedings.    I  call  upon  Mr.  Pegram. 

GEORCiE  H.  Pe(;ram,  M.  Am.  Soc.  C.  E. — I  shall  ask  Mr.  Rights, 
our  hard-working  Secretary,  to  present  the  report. 

The  President. — Mr.  Rights,  will  you  please  take  the  platform  ? 

L.  D.  Rights,  M.  Am.  Soc.  C.  E. — Mr.  Chairman  and  Gentlemen, 
1  do  not  know  that  there  is  anything  special  to  state  with  respect  to 
this  report,  other  than  that  already  given  in  the  December  Proceedings. 
It  is  a  somewhat  difficult  thing  to  know  just  what  to  put  into  a 
progress  report.  If  you  put  in  too  much,  you  may  have  to  take  some- 
thing back  after  a  while;  and  if  you  do  not  put  in  enough,  why,  the 
Committee  on  Special  Committees  may  get  after  you  for  not  doing 
any  work. 

We  have  tried,  as  far  as  possible,  to  give  the  work  which  has  been 
done  by  the  Bureau  of  Standards  at  Washington  as  fully  and  com- 
pletely as  possible;  and  you  have  these  reports  of  tests,  as  shown  in 
the  December  Proceedings  and  as  distributed  in  these  pamphlets. 

There  is  a  great  deal  remaining  to  be  done,  but  not  so  much  in 
these  tests — we  have  practically  completed  the  original  series  of  tests. 
Like  a  good  many  other  investigations  of  that  sort,  we  do  not  get  just 
the  results  we  expected.  We  found  something  markedly  different  from 
what  we  expected,  and  we  now  have  to  try  to  interpret  those  results. 
The  Committee  and  the  Bureau  of  Standards  are  hard  at  work  on 
those  matters,  and  we  hope  to  be  able  to  give  you  something  much 
more  complete  next  year. 

The  President. — The  next  business  is  the  Einal  Report  of  the 
Special  Committee  on  Concrete  and  Reinforced  Concrete,  Joseph  R. 
Worcester,  Chairman.  This  Report  is  printed  in  the  December,  1916, 
Proceedings. 

J.  R.  Worcester,  M.  Am.  Soc.  C.  E. — The  Special  Committee  on 
Concrete  and  Reinforced  Concrete  has  presented  to  the  Society  its  final 
technical  report,  but  the  Committee  feels  that,  in  addition  to  the  sub- 
mission of  this  report,  it  should  be  allowed,  as  a  matter  of  personal 
privilege,  to  present  to  the  Society  a  few  words  bearing  upon  the  gen- 
eral question  raised  at  the  Annual  Convention  of  the  Society  at  Pitts- 
burgh on  June  2Tth,  1916,  as  to  its  sins  of  omission  and  commission. 

At  that  time  a  member  of  the  Board  of  Direction  of  the  Society 
took  occasion  to  criticise  the  Special  Committee  on  Concrete  and  Rein- 
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forced  Concrete  and  to  cast  upon  the  Committee  discourteous  reflec- 
tions, which  were  wholly  unwarranted  by  the  facts.  The  Committee 
had  no  warning  that  an  attack  of  this  character  was  likely  to  be  made, 
and  it  happened  that  only  one  member  of  the  Committee  was  present. 
He  was  not  in  a  position  to  offer  definite  statements  in  answer  to  the 
accusations  made,  and  the  Committee  desires  now  to  refer  briefly  to 
the  matter  for  the  purpose  of  correcting  the  impression  which  may 
have  been  left  by  the  discussion  on  that  occasion. 

It  is  unnecessary  for  the  Committee  to  defend  the  technical  work 
which  it  has  done.  The  two  reports  which  the  Committee  has  presented 
have  had  a  very  wide  circulation,  not  only  through  the  publications  of 
this  Society,  but  through  the  American  Society  for  Testing  Materials 
and  the  American  Kailway  Engineering  Association.  The  recommenda- 
tions of  the  reports  have  been  embodied  very  largely  in  building  laws 
in  many  cities  of  the  country,  and  have  been  used  as  a  guide  by  build- 
ing departments  not  having  complete  laws.  The  reports  have  had  a  far- 
reaching  effect  on  the  practice  of  the  art  by  engineers,  architects,  and 
contractors,  and  have,  to  a  considerable  degree,  accomplished  the  results 
for  which  the  Committee  was  appointed. 

The  work  of  the  Committee  since  1912  has  been  briefly  described 
in  the  reports  presented  to  the  Annual  Meetings.  What  has  been  done 
during  the  past  fifteen  months  has  been  reported  to  the  Board  of  Direc- 
tion faithfully  and  regularly  in  accordance  with  the  instructions  of  the 
Board,  and  the  minutes  of  the  eight  meetings  and  nineteen  sessions  of 
the  Committee  have  been  printed  in  the  Proceedings.  No  effort  of  the 
Board  of  Direction  to  obtain  information  from  the  Committee  as  to  its 
work  has  been  ignored  by  the  Committee,  and  no  questions  have  been 
asked  to  which  full  answers  have  not  been  rendered.  The  Committee 
has  observed  carefully  all  the  rules  laid  down  by  the  Board  for  the  con- 
duct of  Special  Committees,  and  has  complied  with  them  in  every 
particular. 

The  Special  Committee  had  taken  pains  to  inform  the  Board  through 
its  Committee  that  it  intended  to  complete  its  work  by  July  1st.  No 
intimation  was  received  by  the  Special  Committee  from  the  Board  that 
the  Board  expected  to  receive  this  final  report  in  time  for  presentation 
at  the  meeting  of  June  27th,  until  the  programme  of  the  Annual  Con- 
vention was  sent  to  all  members.  This  was  so  late  that  it  would  have 
been  absolutely  impossible  to  get  the  report  in  shape  by  that  date.  It 
had  been  arranged  that  the  final  meeting  of  the  Committee  would  be 
held  on  June  30th,  and  even  this  date  was  possible  only  through  the 
sacrifice  of  time  and  convenience  by  members  of  the  Committee,  in 
order  to  hasten  matters.  The  difficulties  of  making  up  a  report  on 
such  a  subject  as  this,  where  practice  is  being  made,  and  knowledge 
concerning  structural  action  is  being  developed,  can  only  be  appre- 
ciated by  those  who  have  attempted  it.     After  the  final  meeting  of  the 
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Committee  a  very  considerable  period  of  time  was  absolutely  essential 
for  editing  and  issuing  the  report.  The  Committee  had  never  given 
the  Board  the  slightest  cause  for  expectation  that  the  report  would  be 
ready  for  presentation  to  the  Society  on  June  27th,  and  the  announce- 
ment in  the  programme  of  the  Convention  was  wholly  unwarranted. 

The  statements  made  at  the  Convention  with  regard  to  the  great 
expense  to  the  Society  of  Special  Committees  were  calculated  to  throw 
the  responsibility  for  this  condition  largely  upon  the  shoulders  of  the 
Concrete  Committee.  This  implication  was  unwarranted.  The  cost  to 
the  Society  of  the  Concrete  Committee  during  1915  was  $128.46,  all  of 
which  was  for  mileage.  Previous  to  that  time  the  only  aid  which  the 
Committee  had  received  during  the  twelve  years  of  its  existence  was 
$236  in  1911,  this  amount  having  been  paid  out  for  printing  one  hun- 
dred copies  of  a  revision  of  the  report.  In  May,  1913,  an  edition  of  the 
report  was  printed  at  a  cost  of  $392.30 ;  but  this  was  not  for  the  benefit 
of  the  Committee.  It  appears,  therefore,  that  prior  to  1916  the  total 
amount  contributed  by  the  Society  to  the  work  of  the  Committee  was 
$364.46. 

The  attempt  made  to  discharge  the  Committee  on  the  eve  of  its 
completion  of  a  final  report  was  discourteous,  not  only  to  the  members 
of  the  Special  Committee  of  this  Society  but  to  the  other  technical 
societies  with  which  the  American  Society  of  Civil  Engineers  had  been 
co-operating  through  the  Joint  Committee.  This  co-operation  had  been 
secured  on  the  invitation  of  our  Society,  and  it  would  seem  as  if  common 
courtesy  should  prevent  the  relations  being  severed  without  due  notice 
to  the  other  interested  parties. 

The  work  of  the  Committee  is  now  finished,  and  the  members  are 
glad  to  have  complied  with  the  wish  expressed  by  some  members  of  the 
Society  that  their  work  should  be  brought  to  a  close.  Their  only  regret 
in  laying  down  the  burden  is  that  they  should  have  to  do  so  under  the 
stigma  placed  upon  them  by  the  motion  introduced,  but  not  passed,  at 
the  Annual  Convention. 

I  move  that  the  report  of  the  Special  Committee  on  Concrete, and 
Eeinforced  Concrete  be  received  and  the  Committee  be  discharged. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion  that  the  Special  Com- 
mittee on  Concrete  and  Eeinforced  Concrete  be 

Mr.  PitzGerald. — Mr.  President,  I  should  like  to  move  an  amend- 
ment to  the  motion.  I  should  like  to  move  the  addition  of  two  words 
to  the  motion,  discharged  "with  thanks." 

(Motion  seconded.) 

The  President. — I  presume  that  the  maker  of  the  motion  accepts 
the  amendment.  I  will  put  the  motion.  All  in  favor  of  the  motion 
please  say  "aye";  contrary  minded,  "no." 
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E.  W.  Stern,  M.  Am.  Soc.  C.  E. — Inasmuch  as  this  Committee  now 
has  been  discharged,  is  it  not  in  order  that  in  view  of  the  continual 
changing  in  the  art  of  reinforced  concrete  construction  and  the  move- 
ments that  are  being  put  into  use  almost  daily,  that  a  special  standing 
committee  of  the  Society  be  formed  for  the  purpose  of  keeping  up  with 
the  improvements  in  this  most  important  art? 

The  President. — I  will  call  your  attention  to  the  fact  that  you  are 
not  speaking  to  the  motion.     There  is  a  motion  before  the  house. 

Mr.  Stern. — I  beg  your  pardon.     I  thought  it  was  carried. 

The  President. — The  Chair  put  the  motion  without  calling  for  any 
discussion  on  the  motion.  If  there  is  any  one  desiring  to  discuss  the 
motion,  the  Chair  will  be  very  glad  to  hear  it.  Mr.  Davison,  of  Pitts- 
burgh, 

G.  S.  Davison,  M.  Am,  Soc.  C.  E. — Mr,  President,  perhaps  my  ques- 
tion might  not  be  germane  to  the  motion,  but  I  should  like  to  ask 
it  at  any  rate,  in  connection  with  the  reiwrt:  I  understand  that 
the  Chairman  of  this  Committee,  Mr.  Worcester,  has  received  a 
communication  from  the  Carnegie  Steel  Company  in  regard  to  a  para- 
graph in  the  report  on  the  subject  of  aggregates.  I  do  not  know  what 
shape  that  letter  was  in,  or  what  effect  it  had  on  the  report,  but  I  would 
like  to  ask  Mr.  Worcester  if  it  was  considered  in  the  report,  or  not. 
It  is  just  a  matter  of  information  before  the  Committee  is  discharged. 

Mr.  Worcester. — Mr.  President,  I  can  only  say  that  the  letter  was 
received,  naturally  after  the  completion  of  the  final  report  of  the  Com- 
mittee, and  that  the  Committee  has  not  had  a  chance  to  consider  it. 

Mr.  Davison. — Then  I  would  like  to  ask  if  Mr.  Worcester  would 
care  to  have  the  Committee  continued  long  enough  to  consider  the 
letter,  or  does  the  Committee  consider  the  matter  closed?  It  is  just  a 
matter  of  information. 

Mr.  Worcester. — Mr.  President,  it  seems  as  if  the  Committee 
should  be  discharged  at  this  time,  the  matter  having  appeared  in  the 
Froceedings,  I  presume  that,  in  the  natural  course  of  events,  it  will  be 
open  for  discussion  by  members  of  the  Society,  and  that  the  discussion 
will  also  be  printed  in  the  Proceedings. 

"Whether  or  not  it  is  worth  while  for  the  Committee  to  attempt  to 
answer  discussions,  or  whether  we  can  leave  it  safely  in  the  hands  of 
the  individual  members  of  the  Committee  to  answer  the  discussion,  is  a 
matter  on  which  I  do  not  care  to  express  an  opinion. 

The  President. — Are  you  ready  for  the  question?  It  is  that  the 
report  of  the  Committee  be  received  with  thanks  and  the  Committee 
discharged.  If  you  are  ready  for  the  question,  I  will  put  it.  All  in 
favor  please  say  "aye";  contrary  minded,  "no." 

(Motion  carried.) 

Mr.  Stern. — Mr.  President,  may  I  make  my  motion  now? 

The  President. — Yes,  Mr.  Stern. 


90  REPORT  OF  THE  ANNUAL  MEETING        [Society  Affairs. 

Mr.  Stern. — I  move  that  a  standing  committee  of  the  American 
Society  of  Civil  Engineers  be  appointed  on  Concrete  and  Eeinforced 
Concrete,  to  carry  out  the  work  which  this  Committee  has  so  splendidly 
completed  up  to  date. 

John  V.  Davies,  M..  Am.  See.  C.  E. — I  would  like  to  move  as  an 
amendment  to  that,  that  Mr.  Stern's  suggestion  be  referred  tp  the 
Board  of  Direction  for  investigation  before  that  Committee  be  ap- 
pointed. I  would  like  to  say  one  word,  though,  in  answer  to  Mr. 
Worcester,  that  I  was  the  one  who  got  into  the  trouble  in  Pittsburgh, 
and  that  the  report  as  it  has  now  come  to  us  is  a  most  admirable  one, 
and  we  all  feel,  I  think,  a  debt  of  gratitude  to  Mr.  Worcester  and  his 
Committee  for  the  work  accomplished  in  this  final  report. 

The  trouble  that  the  administration  was  in  was  that  the  Committee 
was  14  years  in  producing  that  report.  And  now  that  it  has  come,  I 
hope  Mr.  Worcester  will  accept  my  apologies  for  anything  that  was  dis- 
courteous. There  was  no  intention  to  be  discourteous,  but  the  admin- 
istration and  myself,  as  a  member  charged  with  this  particular  duty, 
felt  it  an  obligation  to  try  and  get  some  conclusion  to  the  work  of  that 
Committee,  or  some  action,  after  that  long  interval.  There  was  no 
desire  or  intent  to  be  discourteous,  and  I,  for  one,  would  lead  in 
attributing  to  the  Committee,  and  every  member  of  it,  the  highest 
praise  and  the  warmest  thanks  of  this  Society  for  the  work  that  they 
have  accomplished. 

In  respect  to  Mr.  Stern's  motion,  I  would  like  to  move  as  an  amend- 
ment that  that  matter  be  referred  to  the  Board  of  Direction  for  con- 
sideration before  action  is  taken  in  the  matter. 

G.  S.  Williams^  M.  Am.  Soc.  C.  E. — I  support  Mr.  Davies'  amend- 
ment. 

Mr.  Stern. — I  accept  it. 

Samuel  Whinery,  M.  Am.  Soc.  C.  E. — Mr.  President,  whatever  may 
be  the  merits  of  the  motion  just  made,  I  raise  the  point  of  order  that 
standing  committees  on  subjects  of  that  kind  are  not  authorized  in  the 
Constitution.  There  are  two  types  of  committees  i^rovided  for.  A 
committee  to  report  on  any  engineering  subject  is  a  "special  commit- 
tee", covered  by  distinct  instructions  in  the  Constitution.  Such  a 
thing  as  a  standing  committee  on  any  engineering  subject  has  no  place 
under  our  Constitution  at  present. 

The  President. — The  Chair  understands  the  motion  of  Mr.  Stern 
to  be  that  the  Special  Committee  be  reappointed. 

Mr.  Stern. — I  used  the  words  "standing  committee".  I  will  amend 
that  by  changing  it  to  "special  committee". 

The  President. — The  Chair  understands  the  motion  to  be  that  a 
special  committee  be  reappointed,  constituted  of  the  same  members  as 
the  special  committee  just  discharged,  to  consider 
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-^  Ihi.  Stern. — I  did  not  use  the  term  "the  same  members".  1  did 
not  say  that  the  same  members  should  be  continued,  but  that  a  special 
committee  should  be  formed 

The  President. — For  what  purpose? 

Mr.  Stern. — For  continuing  the  work  on  concrete  and  reinforced 
concrete,  in  order  to  keep  the  membership  and  the  profession  informed 
as  to  changes  and  improvements  in  the  state  of  the  art. 

Mr.  Whinery. — Mr.  President,  may  I  ask  that  you  rule  on  the 
point  of  order  that  I  raised? 

The  President. — I  rule  the  point  well  taken,  and  the  Chair  under- 
stands that  this  motion  is  for  a  new  special  committee,  and  that  the 
amendment  is  accepted  by  the  maker  of  the  original  motion,  that  the 
matter  be  referred  to  the  Board  of  Direction.  I  see  no  objection  to 
that. 

T.  K.  Thomson,  M.  Am.  Soc.  C.  E. — Is  it  in  order,  sir,  for  me  to 
make  an  amendment  to  that  motion,  that  inasmuch  as  we  have  just 
received  one  of  the  best  reports  that  we  have  ever  had  in  the  Society, 
that  the  whole  Committee  be  requested  to  take  office  again,  the  same 
Committee,  that  we  reappoint  the  old  Committee. 

The  President. — I  see  a  little  incompatibility  between  that  motion 
and  the  amendment  which  has  been  accepted  by  the  original  maker  of 
the  motion,  that  the  matter  be  referred  to  the  Board  of  Direction.  If 
it  is  referred  to  the  Board  of  Direction,  the  Board  of  Direction  would 
appoint  anybody  that  they  wished,  in  the  interests  of  the  Society. 
The  question,  as  it  now  stands,  is  that  a  Special  Committee  on  Con- 
crete and  Reinforced  Concrete  be  appointed,  and  that  this  be  referred 
to  the  Board  of  Direction.  Are  you  ready  for  the  question?  All  in 
favor  will  please  say  "aye";  contrary  minded,  "no". 

(Motion  carried.) 

The  Secretary. — Before  going  further,  may  I  say  that  I  have  some 
discussions  of  some  of  these  reports,  and  I  have  assumed  that  the 
Annual  Meeting  would  not  care  to  take  up  the  discussion  by  their 
presentation  at  this  time,  inasmuch  as  these  discussions  will  go  in  the 
Proceedings  in  regular  course.  If  I  am  not  correct  in  that,  and  the 
Annual  Meeting  desires  to  have  them  presented,  I  have  them  here  for 
that  purpose. 

The  President. — The  Chair  hears  no  motion  on  that  suggestion; 
and  I  will  call  for  the  Final  Report  of  the  Special  Committee  to  In- 
vestigate the  Conditions  of  Employment  of,  and  Compensation  of. 
Civil  Engineers,  ISTelson  P.  Lewis,  Chairman.  This  report  is  printed 
in  the  December,  1916,  Proceedings.    Mr.  Lewis 

N.  P.  Lewis,  M.  Am.  Soc.  C.  E. — Mr.  President  and  Gentlemen. 
I  do  not  know  that  I  have  any  special  explanation  to  offer,  any  defense 
or  apology.  I  do  not  know  whether  you  care  to  have  the  report  read. 
It  is  brief. 
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The  President. — Just  as  you  see  proper.  Skip  as  much  as  you 
want  to. 

Mr.  Lewis. — I  will  skip  the  preliminary  part  of  it.  (Mr.  Lewis 
read  the  latter  part  of  the  report.) 

The  President. — A  motion  is  in  order. 

Mr.  Williams. — ■!  move  that  the  report  be  accepted  with  thanks,  and 
that  the  Committee  be  discharged. 

(Motion  seconded.) 

The  President. — You  have  heard  the  motion,  which  is  seconded. 
Any  remarks  ? 

G.  M.  Purver,  Assoc.  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  just  a 
point  of  information.  I  would  like  to  know  whether  the  Committee, 
in  canvassing  the  members,  is  able  to  tell  us  the  percentage  of  the 
number  of  men  they  canvassed  to  the  number  of  men  employed  in 
the  profession. 

The  second  point  I  would  like  to  inquire  is  this:  Did  the  Com- 
mittee take  the  trouble  to  look  up  the  salaries  paid  by  Federal,  State 
and  municipal  administrations?  It  has  just  occurred  to  me  that  that 
might  be  worthy  of  consideration. 

As  you  know,  there  was  recently  announced  an  examination  for 
structural  engineers  in  the  Navy.  The  requirements  were  that  the 
man  must  be  a  Naval  College  graduate,  must  have  had  6  years  of 
experience  or  more,  and  been  in  responsible  charge  of  work.  The 
compensation  was  from  $4  a  day  to  $8. 

However,  after  taking  that  examination,  those  who  were  highest 
on  the  list  were  offered  positions  at  $3.52  a  day.  I  have  no  doubt  that 
the  Government  will  get  enough  men,  and  does  get  enough  men,  to 
show  approximately  the  market  price  of  engineers. 

So  much  for  the  Federal  service.  With  respect  to  the  State  admin- 
istration, I  think  you  will  find  that,  whenever  there  is  another  examina- 
tion, the  requirement  will  be  that  candidates  must  be  college  graduates 
with  6  years  of  experience  or  more,  and  have  had  responsible  charge 
of  work,  at  salaries  from  $1  500  up  to  $1  800.  These  figures  speak  for 
themselves.  Of  course,  I  appreciate  very  much  the  work  done  by  the 
Committee,  and  1  know  that  under  the  circumstances,  they  have  done 
their  best,  but,  as  a  point  of  information,  if  they  did  look  into  the  Civil 
Service,  I  should  like  to  know  whether  they  could  tell  approximately 
the  percentage  of  men  canvassed  with  the  percentage  of  men  employed. 
I  would  like  to  have  the  information,  if  possible. 

Mr.  Lewis. — Shall  I  answer  the  questions,  Mr.  President? 

The  President. — If  you  please. 

Mr.  Lewis. — I  cannot  tell  you,  gentlemen,  the  number  or  the  ratio 
between  the  number  of  our  employees  canvassed  and  the  total  number 
of  men  employed  as  engineers.    It  was  impossible  to  secure  that  infor- 
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niation.     We  endeavored  to  collect  statistics  of  men  whom  we  were 
sure  were  engineers. 

For  instance,  in  the  legal  profession,  you  will  find  many  men,  regis- 
tered and  paid  as  lawyers,  serving  as  law  clerks,  but  I  doubt  if  it  would 
be  proper  or  fair  to  include  that  vast  army  of  law  clerks  in  computing 
the  average  compensation  or  income  of  lawyers. 

Now,  there  were  a  great  many — the  Committee  did  not  refer  to 
these — but  there  were  a  great  many  replies  received,  which  were  evi- 
dently written  by  men  who  felt  that  they  were  the  subjects,  the  victims, 
of  injustice.  For  instance,  one  man  said,  "I  have  no  business  ability 
in  the  common  sense  of  the  word.  Engineers  do  important  work  for 
architects  at  small  pay.    Most  engineers  are  fools." 

A  civil  engineer  in  the  War  Department,  of  27  years'  experience, 
receiving  $2  700,  says :  "As  there  is  no  pension  and  few  resign,  there 
is  little  chance  for  advancement.  What  we  need  is  a  pension  and 
compulsory  retirement." 

Another  man,  who  earns  $1  200  a  year,  says  that  $300  or  $400  of 
that  is  for  engineering  skill,  and  the  rest  for  executive  ability.  A 
member  of  the  Engineering  Department  says,  "If  I  had  to  live  my  life 
over  again,  I  would  take  up  anything  but  engineering." 

Another,  who  earns  $5  000  a  year  in  private  practice,  says,  "A 
large  steel  bridge  company  designs  structures  free  of  charge.  There- 
fore, I  often  advocate  reinforced  concrete,  though  prefering  steel." 

Another  says  he  earns  $1  650  a  year.  All  these  replies  are  from 
men  who  have  had  from  20  to  25  years  of  actual  professional  experi- 
ence. Another  man  says,  "We  need  more  engineers  who  can  talk  in 
public  in  an  entertaining  way."  Another  man,  who  has  had  10  years' 
experience  as  a  mining  engineer  and  10  years  in  general  practice,  says, 
"Engineers  are  in  the  class  of  beggars  or  objects  of  charity.  We  do 
designing  for  any  pittance.  The  more  they  waste,  the  better  engineers 
they  are." 

Another  says  that  conditions  are  very  unsatisfactory,  as  the  chief 
engineer,  a  person  who  is  not  technically  educated,  and  even  unable 
to  divide  one  decimal  by  another  without  making  a  mistake,  is  not 
appreciative  of  highly  trained  technical  men. 

That  is  the  material  with  which  your  Committee  had  to  work,  a 
good  deal  of  it — a  large  proportion  of  it.  Tf  we  had  attempted  to  com- 
municate with  every  man  employed  nominally  as  an  engineer,  our 
problem  would  have  been  vastly  more  difficult.  I  think  the  Committee 
did  as  well  as  it  could  with  the  material  which  it  was  able  to  secure. 

W.  H.  BiXBY^  M.  Am.  Soc.  C.  E. — I  want  to  add  a  few  words  here, 
just  because  something  has  been  said  about  the  Government  service. 
I  think  the  members  of  the  American  Society  of  Civil  Engineers,  in 
deciding  the  question  of  proper  compensation  for  their  services,  should 
not  allow  themselves  to  be  restricted  in  any  way,  shape,  or  form  by  the- 
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question  of  what  salary  is  paid  to  an  engineer  by  the  I'ederal  Govern- 
ment. 

As  Chief  of  Engineers,  or  at  the  head  of  a  bureau  that  employs  a 
large  number  of  engineers,  I  have  had  considerable  experience  vi^ith 
them,  from  inside  as  v^eW  as  outside;  and  the  question  of  salary  is  not 
dependent  on  what  the  Chief  of  the  Government  Bureau  thinks  a  man 
ought  to  receive  for  his  services.  It  is  simply,  to  a  large  extent,  what 
the  Committee  of  Congress  is  willing  to  put  into  an  appropriation  bill. 

Time  and  time  again  the  head  of  a  bureau  goes  before  a  committee 
and  says:  "We  have  got  to  have  more  men;  we  have  got  to  have  men 
of  more  ability;  we  have  got  to  be  able  to  pay  them  higher  salaries; 
you  cannot  have  the  work  done  properly  unless  you  are  willing  to  paj' 
for  it."  But  the  reply  comes  from  the  Chairman  of  the  Committee, 
"Well,  General,  I  am  very  sorry  to  say  it,  but  you  managed  to  get  along 
last  year,  and  you  will  have  to  manage  some  way  of  getting  along  this 
year.  We  cannot  give  you  any  more  men ;  we  cannot  let  you  pay  them 
any  more  salary;  we  cannot  let  you  substitute  one  man  of  high  salary 
for  two  men  of  low  salaries,  even  if  he  can  do  two  or  three  times  as 
much  work.  We  have  to  remember  that  the  finances  of  the  country 
are  such  that  we  do  not  know  how  to  raise  the  money;  and  we  are 
going  to  cut  down  on  the  employees  because  they  are  under  our  con- 
trol." 

And  when  it  comes  to  establishing  salaries,  during  the  last  year  or 
two  that  the  matter  has  come  up,  as  you  remember  now,  if  you  follow 
the  discussions  in  Congress,  a  member  of  Congress  says:  "Well,  I 
object  to  paying  a  man  on  one  of  these  permanent  committees  $10  000 
a  year;  that  is  more  than  I  get;  and  I  am  not  willing  to  admit  that 
there  is  any  man  in  the  United  States  that  is  any  more  worthy  of  being 
paid  than  a  member  of  Congress;  and  I  am  not  going  to  allow  any 
salaries  that  exceed  mine,  no  matter  what  the  ability  is." 

Starting  with  cabinet  officers,  the  assistant  secretaries,  and  other 
men  at  the  head  of  the  bureaus,  it  is  well  known  that  they  do  not  get 
enough  salary  even  to  pay  house  rent.  They  certainly  do  not  get 
enough  to  pay  their  expenses. 

It  is  expected  from  a  Government  employee  that  he  is  ready  to  do 
a  lot  of  work  pro  hono  publico^  for  nothing,  and  it  is  not  expected  that 
he  will  ask  for  a  salary  which  is  a  proper  compensation  for  his  services'. 

Just  take  it  as  it  is  at  present  in  the  discussions  before  Congress 
on  the  question  of  the  retirement  bill  for  all  the  Government  em- 
ployees. A  great  many  of  them  are  in  favor  of  it.  Nearly  all  the 
cabinet  ofiicers  are  in  favor  of  it.  They  all  say  the  men  are  not  being 
paid  properly,  and  you  cannot  get  the  proper  kind  of  skill,  at  the  price, 
and  that  compensation  must  be  increased  to  get  it.  But  when  it  comes 
up  on  the  floor  of  Congress,  they  say,  "Well,  we  have  to  economize  some- 
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where.  This  is  a  place  where  we  can  cut  down,  and  we  will  have  to 
cut  down  at  any  rate.     We  have  to  reduce,  not  increase." 

It  is  not  a  question  of  a  man's  ability,  or  of  proper  compensation. 
It  is  a  question  with  them  of  the  pursestrings,  and,  therefore,  in  a 
Society  of  this  sort,  to  allow  the  compensation,  as  paid  by  the  Federal 
Government,  to  be  used  as  a  basis,  as  a  measure  of  proper  compensation 
to  an  engineer  for  his  services,  is  not  the  right  method. 

If  you  are  going  to  establish  a  proper  scale  of  compensation,  you 
have  to  consider  the  salaries  that  are  paid  by  private  corporations  and 
private  business  men  around  the  country  for  the  work  that  they  want 
done,  when  they  know  that  the  quality  of  the  work  is  going  to  be 
dependent  on  the  ability  of  the  man  and  on  his  services. 

IsHAM  Randolph^  M.  Am.  See.  C.  E. — Mr.  President,  what  General 
Bixby  says  is  true.  During  Mr.  Taft's  administration  as  President,  I 
was  at  luncheon  with  him  on  one  occasion,  with  another  gentleman. 
He  was  talking  of  this  very  question  of  compensation.  He  said:  "We 
have  in  the  War  Department  a  man  who  has  been  here  for  a  long  term 
of  years,  a  man  who  has  a  fuller  knowledge  of  the  workings  of  the 
Department  than  any  other  man  that  I  know  in  it;  and  when  I  want 
to  know  anything  particular  I  send  for  that  man,  and  sit  down  and 
talk  with  him."  He  said,  "That  man,  if  he  were  in  the  service  of  a 
railroad  corporation,  would  be  worth  to  them  $20  000  a  year.  This 
Government  pays  him  $3  600 ;  and  before  I  left  the  War  Department 
I  succeeded  in  getting  that  man  raised  to  $4  800." 

That  is  the  kind  of  compensation  that  this  Government  pays  to  its 
servants. 

Henry  R.  Buck,  M.  Am.  Soc.  C.  E. — Mr.  President,  as  bearing  on 
the  point  that  if  this  Committee  had  gone  outside,  among  a  larger 
membership,  this  average  salary  might  have  been  reduced,  may  we 
consider  a  little  group  of  employees  with  which  the  speaker  happens 
to  be  familiar?  They  are  all  city  employees  in  two  cities  of  Connecti- 
cut. There  are  71  members  in  the  group,  all  technically  eligible  to 
membership  in  this  Society.  They  have  practiced  their  profession  as 
long  as  40  or  45  years. 

The  group  includes  the  chief  engineers  of  these  cities,  who  draw 
$5  000  or  $6  000  a  year.  Of  the  total  of  71  engineers,  only  lO  belong 
to  the  American  Society  of  Civil  Engineers.  The  total  salaries  drawn 
by  the  group  is  only  $105  000,  and  the  average  salary  of  the  group  is 
only  $1 480.  "Now,  the  average  salary  of  the  10  members  of  this 
National  Society  is  $3  270,  which  compares  favorably  with  the  Com- 
mittee's average,  which  was  $3  602,  for  all  New  England,  or  its  general 
average  for  municipal  engineers,  $2  994. 

The  61  other  members  of  the  group  average  $1 190.  Now,  in  the 
last  2  years'  work  of  the  Committee,  they  went  to  6  000  members  of 
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local  societies,  securing  replies  from  about  1  500.  This  group  averaged 
a  salary  of  20%  less  than  those  previously  canvassed. 

This  is  a  step  in  the  right  direction,  but  is  it  enough?  In  this 
group  of  71,  only  10  members  belonged  to  the  Local  Society,  which 
this  year's  vpork  of  the  Committee  reached.  Their  salaries  averaged 
$2  160 ;  or,  including  the  American  Society  members,  $2  490.  The 
salaries  of  the  remainder  of  the  group — the  51  poor  fellovps  vpho  could 
not  afford  to  join  any  society — averaged  only  $1  090. 

If  the  Committee  could  have  gone  to  the  bottom  of  the  matter,  I 
think  it  would  have  found  that  twenty-seventieths,  or,  rather,  the  30% 
that  reported  their  salaries,  received  two  and  a  half  times  as  much 
as  the  unreported  salaries  which  the  Committee  could  not  reach;  and 
consequently,  would  not  the  average  salary  of  all  practicing  civil 
engineers  in  the  country  be  about  half  the  average  figures  shown  on 
the  diagram? 

And  is  there  not  another  point  which  we  might  consider:  That 
the  compensation  of  many  engineers  does  not  consist  entirely  in  the 
financial  return  from  their  work.  The  engineer  is  doing  a  clean, 
usefid  piece  of  work,  and  I  believe  the  average  engineer  gets  the 
greater  part  of  the  satisfaction  and  compensation  in  life  from  the 
feeling  that  the  world  is  a  little  better  for  his  having  worked  in  it. 

Mr.  Williams. — Mr.  President,  I  would  like  to  offer  a  suggestion, 
that  a  man  who  pretends  to  be  following  the  profession  of  civil  engi- 
neering and  does  not  unite  himself  with  any  of  the  organizations 
that  are  in  existence  for  its  advancement,  is  hardly  worthy  to  be 
called  a  member  of  the  profession. 

Charles  D.  Thomas,  Assoc.  M.  Am.  Soc.  C.  E. — Mr.  President,  I 
would  like  to  ask  what  the  American  Society  of  Civil  Engineers  does 
for  the  real  advancement  of  engineers,  so  far  as  salaries  are  concerned? 

Mr.  Purver. — I  want  to  say,  in  connection  with  what  the  previous 
speaker  said  about  cutting  down  the  average  compensation,  as  shown 
by  the  report  of  the  Society's  Committee,  that  I  canvassed  about  600, 
and  I  accepted  only  those  who  would  be  qualified  to  be  members  of 
the  Society.  I  did  not  canvass  the  Civil  Service  employees,  only  a 
few  were  there,  but  I  was  admitted  by  some  of  the  most  important 
engineering  societies  in  the  city,  and  they  asked  me  not  to  mention  the 
names.  It  figures  out  that  the  average  salary  of  the  600,  who  would 
be  qualified  to  become  members  of  the  Society,  would  be  $4  000. 
I  do  not  want  to  criticize  the  Committee.  They  have  done  the  best 
under  the  circumstances,  but  I  was  wondering  whether  the  figures  they 
established  do  not  include  such  a  small  percentage  of  the  entire  pro- 
fession that  it  was  really  a  pity  that  so  much  good  work  was  wasted. 

The  President. — The  Chair  wants  to  say,  for  the  benefit  of  the 
gentlemen  standing  up  in  the  hall,  that  there  are  seats  in  the  front 
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rows,  and  there  is  also  a  large  gallery,  where  they  can  have  seats,  if 
they  choose  to  go  up  there. 

H.  W.  Hodge,  M.  Am.  Soc.  C.  E. — Mr.  President,  if  the  members, 
instead  of  berating  the  Government  for  paying  low  salaries,  would 
demand  proper  compensation  for  their  services,  there  would  not  be 
so  much  ground  for  complaint.  In  my  business,  I  have  run  across 
many  cut-rate  artists  in  the  engineering  profession,  who  will  do  work 
for  any  kind  of  a  price.  Our  fellow-engineers,  I  have  no  doubt,  have 
met  the  same  thing.  If  we  would  make  a  price  worthy  of  our  work  and 
services,  though  we  might  perhaps  scare  many  a  client  out  of  our 
offices,  and  not  get  his  money,  at  least,  we  would  gain  his  respect, 
and  I  think  if  engineers  will  make  up  their  minds  not  to  work  for 
inadequate  salaries,  they  will  do  more  for  themselves  than  by  berating 
the  Government  and  other  people  because  they  do  not  pay  decent 
salaries. 

Mr.  Stern. — Mr.  President,  as  it  has  been  said  that  there  are  52  000 
engineers,  members  of  organizations  occupying  this  building,  would  it 
not  be  a  pertinent  question  to  ask  if  the  voices  of  those  52  000  engineers 
were  heard  at  Washington  that  perhaps  the  members  of  Congress  might 
take  some  action  as  regards  remedying  the  poor  compensation  of  the 
civil  engineers  in  the  Federal  service? 

The  President. — There  is  a  motion  before  us  that  the  report  of  the 
Committee  be  received  with  thanks,  and  that  the  Committee  be  dis- 
charged, and  I  will  put  the  question.  All  in  favor,  please  say  "aye"; 
contrary  minded,  "no". 

(Motion  carried.) 

The  President. — The  next  business  is  the  Report  of  the  Special 
Committee  to  Formulate  Principles  and  Methods  for  the  Valuation  of 
Railroad  Property  and  other  Public  Utilities,  Frederic  P.  Stearns, 
Chairman.     The  Report  is  printed  in  the  December,  1916,  Proceedings. 

Frederic  P.  Stearns,  Past-President,  Am.  Soc.  C.  E. — Gentlemen: 
After  five  years  of  constant  work,  your  Committee,  appointed  to  Form- 
ulate Principles  and  Methods  for  the  Valuation  of  Railroad  Property 
and  Other  Public  Utilities,  has  completed  its  final  report  which  has 
been  published  in  the  December,  1916,  issue  of  the  Proceedings  with 
the  exception  of  four  appendices,  now  in  the  hands  of  the  Secretary, 
which  will  be  published  later. 

While  your  Committee  is  fully  alive  to  the  fact  that  the  art  of 
valuation  is  still  in  formative  condition,  it  is  of  the  opinion  that  it  has 
gone  as  far  in  this  work  as  is  advantageous. 

The  Committee,  therefore,  asks  that  it  be  discharged,  with  the 
understanding  that  the  members  may  still  rectify  errors  or  make  minor 
changes  in  the  report  before  it  is  published  in  the  Transactions,  and, 
after  ample  time  has  been  given  for  written  and,  if  desired,  oral  dis- 
cussion of  the  report,  make  a  joint  closure  of  the  discussion,  should  it 
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appear  desirable  to  them  to  do  so  in  the  light  of  the  discussion  which 
may  be  adduced. 

Mr.  Davies. — Mr.  President,  the  magnificent  report  that  has  been 
presented  by  the  Special  Committee  on  Valuation  is  something  of  which 
the  Society  should  be  proud,  and  the  work  that  has  been  put  into  it  by 
the  members  of  that  Committee  represents  a  splendid  achievement.  It 
is  particularly  valuable  to  us,  I  think,  from  its  opportune  time  of 
presentation;  and  I  would  like  to  move,  as  an  amendment  to  what  Mr. 
Stearns  has  said  in  asking  for  the  discharge  of  the  Committee,  a  resolu- 
tion thanking  the  Committee  for  the  work  they  have  done  and  for  the 
report  they  have  tendered,  and  a  resolution  that  the  meeting  refers  to 
the  Board  of  Direction,  with  power,  the  termination  of  the  work  and 
the  discharge  of  the  Special  Committee  on  Valuation  at  such  time  aa 
that  Committee  shall  have  completed  its  work  in  summing  up  and 
replying  to  discussions  arising  from  the  presentation  of  its  final  report. 

(Motion  seconded.) 

The  President. — Do  you  accept  the  amendment? 

Mr.  Stearns. — Yes;  if  it  is  desired;  only  for  the  purpose  that  is 
mentioned. 

The  President. — You  have  heard  the  motion  and  the  amendment, 
and  the  maker  of  the  motion  accepts  the  amendment  offered  by  Mr. 
Davies.    Are  there  any  remarks? 

C.  K.  Harte,  M.  Am.  Soo.  C.  E. — Mr.  President  and  Members  of 
the  Society,  I  should  like  to  call  the  attention  of  the  Society  to  the 
fact — with  which  you  are  doubtless  familiar  at  this  time — that  the 
American  Electric  Railway  Association  has  a  Valuation  Committee 
which  has  submitted  a  report  containing  a  suggested  terminology,  a 
terminology  that  is  quite  different  from  that  suggested  by  our  Com- 
mittee, and  that  the  National  Electric  Light  Association  has  a  Valua- 
tion Committee  considering  such  a  terminology.  Undoubtedly,  other 
national  associations  are  doing  the  same  thing. 

I  think  we  will  all  agree  that  one  of  the  very  serious  difficulties 
met  in  valuation  matters  has  been  their  confusion  over  the  termi- 
nology; and  it  would  seem  desirable,  before  this  Committee  is  dis- 
charged, that  some  effort  be  made  to  see  if  miiform  action  cannot  be 
had  by  the  various  societies. 

T  am  authorized  to  say  to  the  Society,  for  the  American  Electric 
Railway  Association,  through  their  President,  Mr.  Storrs,  that  they 
will  recommend  any  such  action  looking  toward  the  formation  of  a 
uniform  terminology;  and  I  therefore  suggest  that  the  Committee 
consider,  or  the  Board  of  Direction,  if  the  matter  is  to  be  referred  to 
them— I  am  not  offering  this  directly  as  a  motion — that  they  con- 
sider whether  it  would  not  be  well  to  have  some  joint  conference  with 
these  other  National  Committees,  in  the  hope  of  getting  a  joint  agree- 
ment as  to  these  various  terms. 
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The  President. — Are  there  any  further  remarks?  If  not,  I  will 
put  the  question.  You  have  heard  the  motion.  It  is  somewhat  long, 
but  I  think  the  gist  of  it  is  that  the  Committee  wishes  to  discuss  this 
matter  after  the  discussion  by  the  members  is  all  in;  and  you  have 
heard  the  suggestion  to  refer  to  the  Board  of  Direction.  All  in  favor 
will  please  say  "aye";  contrary  minded,  "no". 

(Motion  carried.) 

The  next  matter  is  a  call  for  the  report  of  the  Special  Committee 
to  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Foun- 
dations, etc.,  Robert  A.  Cummings,  Chairman.  Is  Mr.  Cummings 
present  ? 

Robert  A.  Cummings,  M.  Am.  Soo.  C.  E. — Mr.  President  and 
Fellow-Members  of  the  American  Society. — Your  Committee  expected 
at  this  time  last  year  to  have  been  able  to  give  you  a  definite  report 
on  the  Classification  of  Soils,  and  possibly  laboratory  procedure.  We 
have  been  unable  to  accomplish  this  purpose  because  of  two  facts; 
first,  that  we  have  been  investigated  ourselves  by  the  Board  of  Direc- 
tion; and  I  am  happy  to  be  able  to  state  to  you  that  the  Board  has 
given  us  a  clean  sheet,  and  that  it  has  authorized  us  to  continue  our 
work.  It  also  has  provided  us  with  sufficient  funds  to  complete  this 
classification. 

Your  Committee  has  also  noted  the  discussion  of  its  last  report,  in 
the  Proceedings  of  the  Society  during  the  past  year,  but,  in  the 
experience  of  the  Committee,  the  classification  there  mentioned  can  be 
improved  and  modified.  Modifications  have  been  proposed  by  Dr. 
Charles  F.  Macdonald,  formerly  attached  to  the  Panama  Canal  Com- 
mission, now  the  Geologist  of  the  United  States  Bureau  of  Mines; 
also  by  Drs.  Rogers  and  Shaw,  Geologists,  connected  with  the  II.  S. 
Geological  Survey.  These  suggestions  will  have  the  very  earnest  con- 
sideration of  your  Committee,  and  no  doubt  part  of  them  will  be 
embodied  in  the  report  next  year. 

Something  has  been  said  about  what  the  engineer  does  for  the 
Government.  This  Committee  takes  the  opportunity  of  presenting  to 
you  some  of  the  things  that  the  Government  has  done  for  the  Com- 
mittee. This  pile  of  papers  represents  860  articles  that  have  been 
read,  digested,  and  put  into  brief  form  for  publication,  in  a 
bibliography  that  will  be  attached  as  an  appendix  to  our  report  of  this 
year. 

This  work  was  carried  out  by  the  Carnegie  Library  of  Pittsburgh, 
through  their  Technology  Department,  and  the  acknowledgments  of 
the  Committee  have  been  extended  to  them.  The  references  are 
classified  under  the  heads  of  natural  phenomena,  physical  and  chemical 
properties  of  soils,  granular  materials,  foundations,  retaining  walls, 
including  earth  pressures,  etc. 
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Your  Committee  is  strongly  of  the  opinion  that  it  is  vitally  import- 
ant to  obtain  as  a  basis  of  its  work  the  physical  properties  of  soils, 
that,  in  so  far  as  it  is  practicable,  the  study  of  soils  should  be  con- 
ducted along  the  general  lines  in  vogue  in  the  study  of  other  materials 
of  construction.  With  this  in  view,  your  Committee  has  been  co- 
operating with  the  United  States  Bureau  of  Standards  in  their 
Government  enterprises. 

Largely  because  the  problem  of  your  Committee  has  been  recognized 
by  this  Governmental  Bureau  as  being  of  National  importance,  the 
attention  of  other  scientific  and  technical  institutions  will  be  directed 
to  the  unusual  opportunity  presented  for  co-operation  in  this  work. 

The  President. — Are  there  any  remarks?  If  not,  we  will  pass  to 
the  next  business.  I  call  for  the  Eeport  of  the  Special  Committee  on 
Stresses  in  Railroad  Track,  A.  IST.  Talbot,   Chairman. 

A.  N.  Talbot,  M.  Am.  Soc.  C.  E.,  presented  the  following  report: 

"Progress   Report   of  Special   Committee   to   Report  on   Stresses   in 

Railroad  Track 

"The  Special  Committee  to  Report  on  Stresses  in  Railroad  Track, 
co-operating  with  a  similar  committee  of  the  American  Railway  Engi- 
neering Association,  presents  the  following  report  of  progress : 

"From  the  beginning,  the  Committee  has  felt  that  its  work  must  be 
based  on  adequate  experimental  data  derived  from  tests  on  standard 
railroad  track,  and  it  has  also  appreciated  that  because  of  the  com- 
plexity of  the  action  of  railroad  track  under  load,  adequate  experi- 
mental work  would  of  necessity  involve  long,  painstaking,  and  repeated 
tests,  and  sufficient  time  for  reducing  the  data  so  obtained.  Experience 
has  shown  that  the  anticipated  difficulties  were  not  over-estimated. 
The  Committee  feels  that  the  experimental  work  has  made  encouraging 
progress  during  the  past  year.  In  this  time  the  instruments  used  have 
been  further  developed;  especially  has  the  stremmatograph  (the  instru- 
ment for  measuring  strains  in  the  rail  under  rapidly  moving  loads  and 
for  giving  a  continuous  record  of  the  action  of  the  rail  under  and 
•  between  the  wheel  loads  of  the  moving  locomotive)  been  the  subject  of 
further  improvement,  and  new  instruments  have  been  made  for  larger 
rail  sizes.  Tests  with  the  stremmatograph  have  also  been  made  to  find 
the  usefulness  of  this  instrument  in  determining  the  action  of  rails  on 
curves,  resulting  in  a  considerable  promise  of  success. 

"During  1916,  field  tests  conducted  on  the  main  line  of  the  Illinois 
Central  Railroad  north  of  Champaign,  111.,  have  been  made  on  rails  of 
85-lb.,  125-lb.,  and  136-lb.  sections,  with  the  Mikado,  the  Pacific,  and 
the  Atlantic  types  of  locomotives,  running  at  various  speeds,  and  results 
previously  obtained  have  been  checked  and  the  gaps  filled  out.  Tests 
have  also  been  made  on  track  with  cinder  ballast. 

"During  the  fall  the  test  party  was  engaged  in  test  work  on  the 
track  of  the  Delaware,  Lackawanna  and  Western  Railroad  near  Dover, 
N.  J.  Tests  were  made  with  four  types  of  locomotives,  run  at  various 
speeds,  over  track  laid  with  105-lb.  rail.  In  addition  to  the  strains  in 
the  rail,  track  depressions  were  measured.     Static  tests  were  made  to 
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determine  bending  in  ties  and  stresses  in  track.    A  few  tests  were  made 
on  curves.    The  data  of  those  tests  are  now  being  worked  up. 

"Laboratory  tests  on  the  distribution  of  pressure  downward  through 
baUast  material  have  been  carried  on.  Apparatus  has  been  installed 
and  tests  made  with  stone  ballast,  gravel  ballast,  and  sand,  using  dif- 
ferent depths  of  material  and  loads  up  to  50  000  lb.  These  tests  are  to 
be  continued,  and  it  is  expected  that  the  data  will  be  of  service  in  estab- 
lishing laws  on  the  distribution  of  pressure  downward  and  laterally 
through  ballast  and  other  granular  material. 

"The  work  of  reducing  all  test  data  has  been  carried  on  during  the 
year,  and  while  this  part  of  the  work  has  consumed  a  large  amount  of 
time  the  material  is  being  put  into  satisfactory  form  for  final  record. 

"Two  meetings  of  the  Joint  Committee  have  been  held  during  the 
year.  At  the  meeting  in  Chicago,  March  21st,  1916,  eighteen  members 
of  the  Joint  Committee  being  present,  the  report  of  experimental  work 
carried  on  in  1915  was  presented  and  discussed  in  detail,  and  there  was 
a  discussion  of  the  nature  of  the  work  to  be  carried  on  during  the  year. 
At  the  meeting  held  in  Champaign-Urbana,  111.,  May  10th  and  11th, 
1916,  eleven  members  of  the  Joint  Committee  being  present  at  the 
three  sessions,  the  experimental  work  of  1915  was  discussed,  and  plans 
and  methods  for  further  tests  were  considered  at  length. 

"The  Committee  had  expected  before  this  to  be  able  to  report  the 
data  already  obtained,  but  the  work  of  studying  and  formulating  the 
results  of  the  experimental  work  has  been  time-consuming.  A  dis- 
ability of  the  Chairman  has  further  delayed  the  progress  of  the  presen- 
tation of  the  data.  However,  the  Committee  is  able  to  report  progress 
in  making  up  the  report  of  the  tests. 

"Respectfully  submitted, 

"The  Specul  Committee  to  Report  on 
Stresses  in  Railroad   Track." 

The  President. — If  there  are  no  remarks,  we  will  pass  to  the  next 
business. 

Mr..  Davies. — Mr.  President,  there  is  one  thing  I  would  like  to 
take  up  at  this  point,  and  that  is  in  relation  to  the  Special  Committee 
on  Floods  and  Plood  Protection. 

The  President. — I  was  going  to  bring  that  up,  but  you  may 
go  on. 

Mr.  D.wies.— a  year  ago,  Col.  Townsend,  the  Chairman  of  that 
Committee,  tendered  a  final  report.  The  Committee,  by  the  action 
of  the  Annual  Meeting,  was  continued  to  co-operate  with  the  Special 
Committee  on  a  National  Water  Law.  Col.  Townsend  advises  us  that 
there  was  nothing  to  co-operate  with,  there  was  nothing  to  confer 
about,  and  at  a  later  date  the  Board  of  Direction  terminated  the  work 
of  the  Committee,  as  there  was  no  further  work  for  that  Committee 
to  perform. 

Objection  was  made  later  to  the  action  of  the  Board  of  Direction 
in  terminating  a  Committee  that  had  been  extended  and  continued  by 
the  Annual  Meeting,  and,  therefore,  as  a  matter  of  form,  I  would  like 
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to  move  formally  the  discharge  of  the  Special  Committee  on  Floods 
and  Flood  Prevention,  which  tendered  its  final  report  a  year  ago. 

The  President. — Is  the  motion  seconded? 

(Motion  duly  seconded.) 

The  President. — You  have  heard  the  motion.  All  in  favor  please 
say  "aye";  contrary  minded,  "no". 

(Motion  carried.) 

The  President. — I^ow,  is  there  any  new  business  to  be  brought 
before  the  meeting? 

Mr.  Purver. — Mr.  President,  under  "New  Business",  perhaps  it 
would  not  be  out  of  order  for  me  to  make  a  few  remarks,  which  I  will 
formulate  in  a  motion.  As  you  all  know,  the  present  condition  of 
Europe  will  revolutionize  the  present  commercial  relations  in  this 
country,  and  it  appears  to  me  that  this  is  just  a  time  when  the  Amer- 
ican Society  of  Civil  Engineers  can  do  a  great  deal  for  the  members 
of  the  profession.  You  all  know  that  all  the  commercial  enterprises 
and  the  United  States  Government  expect  a  revolution  in  foreign 
commercial  relations,  and  are  sending  out  men  to  Russia  and  to  South 
America  to  investigate  conditions  with  respect  to  the  employment  of 
American  capital. 

I  believe  that,  while  commerce  has  always  been  the  leading  factor 
in.  our  life,  and  engineering  was  considered  as  a  necessary  evil,  it  is 
about  time  it  should  turn  around,  that  engineering  should  be  the  lead- 
ing factor,  because  commerce  will  entirely  collapse  under  the  present 
waste  of  living,  if  the  skill  and  the  genius  of  the  engineer  do  not  come 
to  help.  It  behooves  this  Society  to  initiate  that  movement,  that  they, 
without  waiting  for  commerce  to  go  ahead  of  them,  should  go  to  these 
foreign  countries  and  investigate  the  conditions  there  for  American 
engineers.  I  believe  that  members  who  are  familiar  with  conditions 
in  South  America  will  join  in  that  discussion. 

As  for  myself,  I  will  say  that  there  is  no  country  in  this  world  that 
will  adapt  itself  to  the  enterprising  spirit  of  the  American  engineer 
as  quickly  as  Russia.  Its  natural  resources  are  practically  unlimited, 
and  though  the  Russian  people  have  very  little  of  the  American 
genius,  they  place  confidence  in  the  American  engineer. 

If  the  Russian  people  wanted  to  learn  philosophy  or  learn  how  to 
think,  they  used  to  go  to  Germany;  but  if  they  want  to  know  how  to 
act  and  to  do  things,  and  to  learn  engineering,  they  come  to  this 
country.  So  you  see  the  American  engineer  is  very  popular  in  Russia, 
and,  therefore,  if  you  will,  in  the  proper  way,  attack  that  situation, 
meet  that  situation,  you  will  find  that  there  are  great  opportunities  for 
American  engineers  in  Russia.  I  have  traveled  through  Russia,  cover- 
ing distances  from  Petrograd  to  Vladivostock,  and  I  will  tell  you,  from 
my  personal  experience  and  knowledge  of  men  and  the  country,  that 
it  is  an  exceptional  opportunity  for  you,  and  it  would  be  proper  for 


February,  1917.]       EEPOKT  OF  THE  ANNUAL  MEETING  103 

the  American  Society  of  Civil  Engineers  to  appoint  a  Special  Com- 
mittee to  gather  information  as  to  the  opportunities  for  the  American 
engineer  in  Russia. 

I  believe  that  they  should  not  wait  for  their  complete  report,  next 
year,  or  many  years  hence,  but  as  the  knowledge  is  being  accumulated, 
it  should  be  available  to  the  members  of  the  profession,  particularly  to 
those  who  would  want  to  try  their  fortunes  in  the  dominions  of  the 
Czar.  I  will  put  it  again,  in  the  form  of  a  motion,  and  I  wish  you 
would  consider  this : 

I  move  that  the  President  of  the  American  Society  of  Civil  Engi- 
neers appoint  a  Committee  of  five  to  investigate  and  report  on  the  con- 
ditions, on  the  opportunities,  for  American  engineers  in  Russia. 

The  President. — Is  the  motion  seconded?  You  will  understand 
that  all  appointments  of  special  committees,  under  the  rules,  go  first 
to  the  Board  of  Direction. 

R.  L.  Humphrey,  M.  Am.  Soo.  C.  E. — I  move,  sir,  that  that  matter 
be  referred  to  the  Board  of  Direction. 

(Motion  seconded.) 

The  President. — The  motion  is  that  the  matter  just  spoken  to  be 
referred  to  the  Board  of  Direction.  If  there  are  no  more  remarks,  I 
will  put  the  motion. 

Mr.  Purver. — At  the  suggestion  of  the  members  around  me  I  will 
amend  that  motion,  it  should  be  to  investigate  the  conditions,  not  only 
in  Russia,  but  in  South  America.  Those  are  the  most  important 
foreign  countries — make  it  foreign  countries. 

The  President. — The  motion  has  been  extended  to  include  South 
America.  All  in  favor  of  the  motion  please  say  "aye" ;  contrary 
minded,  "no". 

(Motion  carried.) 

Mr.  Buck. — Mr.  President,  many  of  you  are  no  doubt  familiar 
with  the  Student  Branches  organized  in  the  American  Society  of 
Mechanical  Engineers  and  in  the  American  Institute  of  Electrical 
Engineers;  and  a  group  of  Connecticut  members  of  the  American 
Society  of  Civil  Engineers  which  I,  for  the  moment,  represent,  is  con- 
vinced that  this  Society  would  be  greatly  benefited  if  it  were  to  be  pro- 
vided with  some  similar  organization.  The  members  of  such  student 
branches  as  we  have  in  mind  are  the  undergraduates  of  the  engineering 
departments  of  the  large  technical  schools. 

The  undersigned  individually  belonging  to  a  group  of  Connecticut 
members  of  this  Society  who  are  in  the  habit  of  meeting  together  occa- 
sionally for  the  discussion  of  matters  of  professional  interest,  believing 
that  the  action  suggested  below  would  greatly  benefit  this  Society, 
request  the  passage  of  the  following  resolution : 

Resolved:  That  the  Board  of  Direction  be  requested  to  investigate 
the  wisdom  of  establishing  student  branches  of  this  Society,  similar  to 
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the  forty  now  successfully  organized  within  the  American  Society  of 
Mechanical  Engineers,  and  the  Board  of  Direction  is  requested  to 
report  to  the  Society  and  secure  an  expression  of  opinion  and  discus- 
sion from  the  membership  in  season  for  the  matter  to  be  presented,  if 
desired,  in  the  form  of  an  amendment  to  the  constitution  to  be  discussed 
at  the  next  annual  meeting. 

Caleb  Mills  Saville  Chas.  F.  Chase 

Henry  Robinson  Buck  R.  J.  Ross 

Edward  W.  Bush  Charles  J.  Bennett 

C.  C.  Elwell  Leon  F.  Peck 

Robert  E.  Wise  Paul  Sheldon 
Luther  H.  Burt 

T.  C.  Atwood,  M.  Am.  See.  C.  E. — In  seconding  that  motion,  I 
should  like  to  add  a  few  words  to  what  Mr.  Buck  has  said.  These 
student  branches,  which  have  been  formed  in  the  other  National  Socie- 
ties, have  been  found  to  be  of  great  service,  not  only  in  stimulating 
interest  among  young  engineers,  which  causes  them  later  to  join  the 
societies,  but  in  stimulating  their  interest  in  their  work  in  college. 

This  is  so  strong  that  the  head  of  the  Civil  Engineering  Department 
in  one  of  our  leading  universities  told  me  recently  that  he  had  known 
of  quite  a  few  men  who  had  adopted  the  mechanical  or  electrical  engi- 
neering branches,  merely  because  of  the  fact  that  those  student  branches 
of  the  National  organizations  were  in  the  University,  and  they  felt  the 
advantage  of  fellowship  in  joining  with  those  student  branches,  which 
they  did  not  get  in  the  civil  engineering  branch.  I  believe  thoroughly 
that  this  Society  should  encourage  all  engineers  to  become  better 
trained  engineers ;  and  one  of  the  best  opportunities  we  have  is  in  estab- 
lishing these  student  branches,  wherein  the  National  organization  will 
assist  the  student  organizations,  which  already  exist  in  most  large 
engineering  schools,  to  secure  good  speakers  for  their  meetings,  and  in 
all  ways  to  attempt  to  encourage  them,  as  they  grow  older,  to  join  the 
National  organization.  A  good  illustration  of  that  is  the  point  which 
Mr.  Buck  brought  up,  in  the  discussion  of  the  compensation  of  engi- 
neers, when  he  said  that  out  of  71  engineers  who  were  in  two  certain 
Connecticut  cities,  only  10  belonged  to  the  National  organization. 

Mr.  Thomson. — Mr.  Chairman  and  Gentlemen. — Though  I  think 
this  motion  is  a  very  good  thing,  and  in  the  right  direction,  I  would 
simply  suggest  to  the  Board  that  they  investigate  how  it  has  worked  in 
the  Canadian  Society,  because  they  are  trying  to  profit  by  experience, 
where  they  found  the  student  members  a  very  heavy  burden  in  some 
respects.     They  are  trying  to  remove  them. 

The  President. — The  motion  is  that  this  matter  be  referred  to  the 
Board  of  Direction  to  report  at  the  next  Annual  Meeting.     Are  you 
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ready  for  the  question?  All  in  favor,  please  say  "aye";  contrary 
minded,  "no". 

(Motion  carried.) 

The  Secretary. — I  have  a  communication  from  a  member  who 
could  not  get  here,  which  he  has  asked  me  to  present.  Shall  I 
read  it? 

The  President. — If  you  please. 

The  Secretary  read  the  following  letter: 

"ToPEKA,  Kansas, 
"January  12,  1917. 
"The  Secretary, 

"American  Society  of  Civil  Engineers, 
"New  York  City. 

"Dear  Sir:  If  this  reaches  you  in  time,  will  you  kindly  place  before 
the  annual  meeting  the  following  motion : 

"Moved:  That  this  Society  appoint  a  committee  of  three  to  form- 
ulate a  plan  for  the  systematic  marketing  of  Engineering  Services. 
The  Committee  to  be  empowered  and  directed  to  request  the  co-opera- 
tion of  the  other  National  Engineering  Societies,  especially  the  Con- 
sulting, Mining,  Mechanical,  and  Electrical  Societies.  The  Committee 
be  empowered  to  employ  a  competent  progressive  Engineer,  if  deemed 
advisable,  to  work  out  the  details  of  such  a  plan.  This  Committee  to  be 
appointed  by  the  President  within  a  month  and  to  distribute  its  pre- 
liminary plans  to  the  members  of  the  Society  before  the  regular  summer 
meeting  of  the  Society.  The  Committee  be  empowered  to  spend  not 
over  $5  000  for  this  purpose  from  the  funds  of  the  Society. 

"Several  years  ago  I  presented  a  motion  of  similar  intent  to  the 
annual  meeting.  Accompanying  it  was  the  motion  calling  for  the 
report  which  has  just  been  rendered  you  by  your  Committee  on  Com- 
pensation of  Engineers.  My  intention  in  asking  for  that  report  was 
to  obtain  information  to  aid  in  systematising  the  marketing  of  engi- 
neering services,  and  this  Committee  has  rendered  valuable  service, 
although  it  has  not  covered  quite  the  ground  which  I  had  intended  it 
should.  I  noticed  in  their  report  the  Committee  says  that  it  has  never 
been  able  to  determine  what  was  intended  by  the  portion  of  the  motion 
referring  to  the  'conditions  of  employment'.  By  this  I  intended  that 
the  proportion  of  lost  time  which  the  conditions  of  engineering  work 
forces  on  most  engineers  should  be  stated  with  the  compensation 
received,  in  order  that  the  real  net  income  of  engineers  might  be  deter- 
mined. Furthermore,  whether  or  not  living  expenses  are  allowed,  travel 
expenses  reporting  to  and  returning  from  a  piece  of  work  were  received 
and  other  items  which  cut  down  the  actual  net  receipts  which  finally 
decide  the  scale  of  living  of  a  man.  I  fully  realize  the  difficulties  in  the 
way  of  obtaining  this  information,  and  it  is  partly  for  that  reason  that 
I  have,  in  the  motion  just  presented  to  you,  provided  for  the  employ- 
ment of  an  engineer  to  actually  handle  the  details  of  the  work.  In  my 
own  investigation  for  the  Government  I  find  it  extremely  difficult  to 
obtain  such  information  of  value  by  writing  for  it.  It  generally  requires 
a  personal  visit. 
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"The  engineer  of  to-day  is  or  should  be  a  business  man,  for  other- 
wise a  very  large  part  of  his  technical  skill  will  be  useless  simply  because 
it  will  not  materialize.  Eut  engineers  have  been  slow  to  realize  this 
and  have  often  justified  tlie  criticism  of  their  clients  that  they  were  all 
right  for  theory,  but  if  you  wanted  anything  accomplished  you  must 
get  a  business  man  to  take  charge  of  it.  This  opinion  of  the  engineer 
has  placed  lawyers  and  merchants,  and  in  fact  every  other  kind  of  a 
man  but  an  engineer  on  the  large  commissions  dealing  exclusively  with 
engineering  work.  The  New  York  commissions  and  the  former 
Directors  of  The  Port  of  Boston  are  sufficient  examples  of  this.  It  is 
common  to  hear  the  appointing  power  say,  'We  can  hire  plenty  of  Engi- 
neers for  the  technical  part,  but  we  must  have  a  business  man  to  decide 
the  policies  of  this  Commission'.  We  Engineers  individually  can  do 
little  to  counteract  such  tendencies,  but  the  large  National  Societies 
are  in  a  position  to  secure  a  hearing  when  they  speak,  and  so  far  that 
voice  has  been  very  feeble.  These  National  societies  have  taken  refuge 
in  the  idea  that  they  were  organized  to  promote  the  extension  of 
technical  knowledge.  This  was  undoubtedly  true  and  justifiable  for 
many  years  after  the  societies  were  formed,  for  that  was  before  the  day 
of  the  present  numerous  and  excellent  publications  dealing  with 
teclmical  knowledge.  But  except  for  the  purpose  of  formulating  stand- 
ards this  feature  of  the  Society  is  fast  lapsing  into  a  duplication  of  the- 
work  of  the  Technical  Journals  and  of  the  published  reports  of  the 
various  organizations  actually  doing  the  work,  such  for  example  as  the 
Beport  of  the  Los  Angeles  Aqueduct.  The  time  has  therefore  arrived 
when  the  energies  and  resources  of  the  Society  must  largely  be  directed 
in  other  channels  and  the  natural  and  obvious  work  waiting  for 
these  Societies  to  accomplish  lies  along  the  business  and  human  sides 
of  engineering  activity.  In  fact  the  time  is  ripe  for  the  engineering 
profession  to  reach  out  and  grasp  the  authority  in  the  direction  of 
human  affairs  which  is  its  right  by  virtue  of  the  return  in  work  accom- 
plished which  it  renders  to  the  community.  Indeed,  it  is  its  duty,  and 
engineers  in  their  organizations  have  been  too  long  neglectful  of  that 
duty.  For  of  what  benefit  is  it  to  the  public  whom  we  serve  to  design 
a  technically  perfect  work  if  the  power  to  authorize  that  work  or  to 
cripple  it  lies  in  the. hands  of  men  who  are  ignorant  of  the  very  first 
principles  of  engineering. 

''In  its  larger  features  the  motion  I  have  just  proposed  is  intended 
to  organize  the  power  of  the  great  National  Societies,  to  make  effective 
the  large  work  of  the  engineering  profession  and  to  prevent  its  being 
crippled  through  the  appointment  of  ignorant  men  to  positions  of 
power  over  engineering  work.  It  is  to  provide  machinery  whereby 
the  organized  opinion  of  the  engineering  profession  expressed  through 
its  National  Societies,  may  quickly  make  itself  felt  when  for  instance 
a  Governor  attempts  to  appoint  on  a  commission  having  control  of 
large  engineering  work,  politicians,  lawyers,  merchants,  blacksmiths, 
etc.  In  its  smaller  features  this  motion  intends  to  provide  for  working 
out  the  details  of  an  Engineering  Exchange  where  Engineers  may 
register  their  qualifications,  file  their  credentials,  and  thereafter  have 
the  Society  furnish  prospective  employers  with  certified  copies  of 
these  credentials,  thus  doing  away  with  the  present  inadequate  system 
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of  references  which  requires  a  new  letter  from  former  employers  every 
time  an  Engineer  seeks  a  new  job.  It  furthermore  means  that  the 
agents  of  the  Society  would  watch  the  market  and  when  it  is  learned 
that  a  community  intends  some  development  like  a  city  water  works, 
it  would  inform  the  City  authorities  of  the  class  of  engineers  require(J. 
to  properly  and  economically  handle  such  work,  of  the  salary  necessary 
to  secure  a  properly  equipped  man,  and  if  desired,  would  furnish  a 
list  of  several  such  men  who  were  available.  Engineers  requiring  a 
force  of  men  would  have  a  reliable  source  from  which  to  draw,  which 
is  not  the  case  at  present.  It  would  prevent  waste  which  now  occurs 
in  county  work  all  over  the  country  through  ignorant  supervision. 
I  know  of  one  county  in  one  of  the  Middle  States  whose  road  and 
bridge  work  yearly  amounts  to  several  hundred  thousand  dollars,  where 
in  succession  a  barber  and  a  waiter  from  a  cheap  restaurant  have 
been  elected  county  engineers,  responsible  for  the  design  and  construc- 
tion of  these  works.  These  men  after  finishing  their  term  of  office  have 
set  up  as  consulting  engineers  and  still  further  wasted  the  money  of 
that  commxmity.  This  record  can  be  duplicated  all  over  the  country 
and  the  National  Engineering  Societies  are  directly  responsible  for 
the  continuation  of  this  condition. 

"We  are  all  familiar  with  these  conditions.  Most  of  us  would  like 
to  see  them  remedied.  We  can  only  remedy  them  by  concerted  action 
and  such  action  shovdd  come  from  National  Societies.  It  is  not 
expected  that  the  Committee  proposed  by  this  motion  will  be  able  to 
fully  remedy  them,  but  it  will  make  a  beginning,  will  give  us  something 
which  can  be  revised  and  out  of  which  a  working  basis  may  be  devel- 
oped. I  sincerely  hope  that  the  meeting  will  act  favorably  pn  this 
motion. 

"Respectfully, 

"Percival  M.  Churchill,  Assoc.  M." 

The  President. — You  understand  that,  under  the  rules,  the  appoint- 
ment of  the  Committee  proposed  in  this  communication  must  go  to 
the  Board  of  Direction. 

Mr.  FitzGerald. — Mr.  President,  if  the  American  Society  of  Civil 
Engineers  is  to  enter  into  a  process  of  watching  the  markets  closely, 
I  should  like  to  make  a  suggestion  that  it  be  not  too  closely,  in  order 
that  we  may  not  get  into  the  position  now  confronting  the  country,  of 
investigation  by  a  commission  or  a  committee  of  Congress. 

The  President. — What  is  your  pleasure  on  this  motion?  Any 
further  remarks?  If  not,  I  will  put  the  question.  All  in  favor  of  the 
motion  please  say  "aye";  contrary  minded,  "no".    The  Chair  is  in  doubt. 

A  Member. — What  are  we  voting  on? 

The  Secretary. — The  motion  is  to  refer  this  matter  to  the  Board 
of  Direction  for  report. 

The  President. — Are  you  ready  for  the  question? 

Gen.  Bixby. — The  question  is  still  open  for  a  little  discussion,  is  it 
not?  I  would  like  to  add,  in  this  connection,  that  during  the  time  I 
was  in  Washington  as  Chief  of  Engineers,  I  had  occasion  to  know  of 
cases  where  cabinet  officers  desired  the  services  of  men  of  engineering 
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knowledge,  qualified  for  positions  which  they  had  to  fill,  where  they 
were  unahle  to  get  the  proper  men,  and  where,  under  the  policy  of  this 
Society,  it  was  impossible  to  get  any  statement  from  officials  of  the 
Society  which  would  even  give  the  names  of  half  a  dozen,  or  a  dozen,  or 
two  dozen  members  of  the  Society  who  were  especially  so  qualified. 
Now,  if  it  had  been  mechanical  work,  we  could  have  gone  to  the 
Mechanical  Engineers  and  got  a  list,  but  for  strictly  engineering  work 
it  was  impossible.  Therefore,  the  men  who  were  applied  to  for  names 
had  to  give  them  on  their  own  personal  responsibility  and  from  their 
own  personal  knowledge,  and,  therefore,  they  were  not  able  to  make  up 
such  a  list  of  names  as  would  have  been  advisable  to  put  in  the  hands 
of  a  cabinet  officer. 

Now,  I  do  not  think  the  Society  ought  to  organize  anything  by 
which  they  would  recommend  one  man  alone,  but  in  a  society  of  this 
magnitude,  it  ought  to  be  able,  when  a  position  is  to  be  filled,  to  give 
the  names  of  half  a  dozen  or  a  dozen,  two  dozen,  or  three  dozen  men,  all 
of  whom  would  be  well  qualified  to  fill  the  positions,  and  put  the 
names  of  those  men  in  the  hands  of  the  cabinet  officers,  so  that  they 
could  look  them  over  and  pick  out  from  them  some  man.  I  think  the 
country  woxild  be  much  more  benefited  than  it  is  if  they  are  going  to 
be  forced  to' get  names  from  persons  who  are  merely  tied  up  with  the 
political  situation. 

B.  M.  Wagner,  M.  Am.  Soc.  C.  E. — In  addition  to  what  has  been 
said  by  the  able  speaker  who  has  preceded  me,  I  wish  to  call  attention 
to  the  fact  that  in  Europe,  in  all  the  large  engineering  societies,  civil, 
electrical,  or  any  other,  it  is  considered  one  of  their  most  important 
functions  to  take  care  of  their  members.  If  you  consult  their  records, 
you  will  see  not  only  a  list  of  men  seeking  positions,  but  a  list  of  posi- 
tions seeking  men,  and  I  think  the  function  covered  by  that  resolution 
is  one  to  which  this  Society  should  give  grave  attention,  and,  if  pos- 
sible, adopt. 

Mr.  Stern. — I  am  of  the  opinion  that  the  time  is  now  ripe  for  this 
Society  to  go  right  into  the  employment  bureau  business.  I  think  it 
is  a  proper  function  of  this  organization  to  have  an  employment  bureau, 
and  I  have  thought  so  for  some  time. 

Mr.  Davies. — Mr.  President,  if  I  am  not  mistaken,  I  think  there  is 
already  a  Committee,  of  which  Professor  Newell  is  Chairman,  to  investi- 
gate the  very  matter  that  is  now  presented  to  us,  of  an  employment 
bureau. 

The  President. — Quite  right. 

Mr.  Davies. — I  would  move  as  an  amendment  that  this  matter  be 
referred  to  that  Committee. 

(Motion  seconded.) 

G.  F.  Swain,  Past-President,  Am.  Soc.  C.  E. — May  I  suggest  that 
this  be  referred,  as  an  original  motion,  to  the  Board  of  Direction?  It 
w^ill  then  be  in  the  power  of  the  Board  of  Direction  to  act  on  it. 
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A  Mejiber. — I  tliink  you  want  to  refer  that  a  little  too  much.  Why 
not  have  action  on  the  original  motion? 

Mr.  Wagner. — The  rvile  is,  in  regard  to  special  committees,  that 
they  have  to  go  through  a  regular  routine. 

A  Member. — Is  this  not  all  out  of  order? 

The  President. — The  point  is  well  taken.  A  vote  was  taken,  but 
the  votes  were  not  counted.  The  Chair  was  intending  to  put  the 
motion  again,  and  have  the  votes  counted  right  from  the  beginning. 
If  there  is  no  objection  made,  I  will  do  that  now.  The  question  is  on 
referring  this  communication,  which  has  been  read,  to  the  Board  of 
Direction.  All  in  favor  of  that  motion  will  please  raise  their  right 
hand.     Contrary  minded.     It  is  a  vote. 

(Motion  carried.) 

The  President. — I  now  call  for  announcements. 

The  Secretary. — Mr.  President,  everybody  has  the  programme,  and 
I  want  to  call  attention  to  the  fact  that  after  two  o'clock  the  Registra- 
tion Bureau  for  this  meeting  will  be  in  the  57th  Street  Building,  and 
not  here.     I  hope  everybody  will  register  before  leaving. 

For  the  visit  to  Hell  Gate  Bridge  a  special  train  will  be  provided 
at  42d  Street  and  Vanderbilt  Avenue,  on  the  street,  at  2.30  p.  M.,  sharp. 
All  who  go  on  that  excursion  are  requested  to  meet  at  that  point.  I 
understand  they  cannot  hold  the  train  very  long. 

I  do  not  think  there  is  anything  further  to  say,  sir,  except  that  I 
have  one  or  two  letters,  one  from  Mr.  George  A.  Harwood. 

"New  York,  Jany.  11th,  1917. 
"Mr.  Charles  Warren  Hunt,  Secy., 

"American  Society  of  Civil  Engineers, 
"220  West  57th  Street,  City. 
"My  dear  Mr.  Hunt:    In  addition  to  the  excursion  scheduled  on 
the  program  for  the  annual  meeting  of  the  Society,  it  occurs  to  me 
that  possibly  some  of  the  members  will  be  interested  in  viewing  the 
Grand  Central  Terminal.     If  there  are  any  who  would  be  interested 
I  would  be  glad  to  make  arrangements  to  have  them  shown  around. 
"Yours  very  truly, 

"Geo.  a.  Harwood." 

I  have  another  from  the  American  Institute  of  Electrical  Engineers. 

"American  Institute  of  Electrical  Engineers 
"33  West  Thirty-Ninth  Street, 
"New  York. 

"January  15,  1917. 
"Mr.  CJiarles  Wan-en  Hunt,  Secretary, 

"American  Society  of  Civil  Engineers, 

"220  West  67th  Street,  New  York,  N.  Y. 
"Dear  Mr.  Hunt  :  On  behalf  of  the  American  Institute  of  Electrical 
Engineers  I  take  pleasure  in  extending  to  the  visiting  members  and 
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guests  of  the  American  Society  of  Civil  Engineers  all  privileges  of 
the  Members'  Kooms  of  our  Institute  during  Wednesday,  January  17, 
1917.  It  is  our  desire  that  your  members  and  guests  may  use  the 
Members'  Rooms  of  this  Institute  as  freely  as  if  they  were  entirely 
at  home  in  their  own  building. 

"Very  truly  yours, 

"F.  L.  Hutchinson, 

"Secretary." 

Another  on  behalf  of  the  American  Institute  of  Mining  Engineers. 

"American  Institute  of  Mining  Engineers, 
"29  West  39th  Street,  New  York,  N.  Y. 

"January  15,  1917. 
"Mr.  Charles  Warren  Hunt,  Secretary, 

"American  Society  of  Civil  Engineers, 

"220  West  57th  Street,  New  York,  N.  Y. 
"My  dear  Sir  :  On  behalf  of  the  American  Institute  of  Mining  Engi- 
neers, I  take  great  pleasure  in  extending  to  the  visiting  members  and 
guests  of  the  American  Society  of  Civil  Engineers  all  privileges  of 
the  Members'  Rooms  of  the  said  Institute  during  Wednesday,  January 
17,  1917.  It  is  our  desire  that  your  members  and  guests  may  use  the 
Members'  Rooms  of  this  Institute  as  if  they  were  entirely  at  home  in 
their  own  building  for  purposes  of  sociability,  writing  letters,  tele- 
phoning and  other  purposes  that  may  be  of  convenience  to  them. 

"Cordially  yours, 

"Bradley  Stoughton, 

"Secretary." 

I  may  say  that  I  have  had  a  similar  letter  from  the  American 
Society  of  Mechanical  Engineers,  but  it  is  not  here.  Mr.  President, 
the  next  thing  that  I  have  is  the  report  of  the  Tellers. 

Mr.  Williams. — Mr.  President,  I  move  that  the  Secretary  be  in- 
structed to  express  to  the  Secretaries  of  the  various  Societies  the  appre- 
ciation of  this  meeting  for  the  courtesies  extended. 

(Motion  seconded.) 

The  President. — All  in  favor  of  the  motion  please  say  "aye";  con- 
trary minded,  "no".     It  is  a  unanimous  vote. 

(Motion  carried.) 

The  President. — Report  of  the  Tellers. 

The  Secretary  read  the  Report  of  the  Tellers,  as  follows : 

"220  West  57th  St., 
New  York,  N.  Y. 
"January  17th,  1917. 
"To  the  Sixty-Fourth  Annual  Meeting 
American  Society  of  Civil  Engineers: 
"The  Tellers  appointed  to  canvass  the  ballots  for  Officers  of  the 
Society  for  1917  report  as  follows: 
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''Total  number  of  ballots  received 1971 

Ballots   without   signatures 18 

"       stamped,  not  signed 9 

"       from  members  in  arrears  of  dues 11 

Total  number  not  entitled  to  vote 38 

Ballots  canvassed 1933 

Defective    38 

"For  President: 

George  H.  Pegram 1920 

Scattering 1 

"For  Vice-Presidents : 

George  W.   Kittredge 1909 

George  S.  Webster 1913 

Scattering 17 

"For  Treasurer: 

George  W.  Tillson 1927 

Scattering 2 

"For  Directors: 

i  Alfred  D.  Flinn 1890 

District  No.     1  ]  Lewis  D.  Eights 1891 

f          Scattering 16 

T^-  .  •  ^  AT       o  S  William  R.  Hill 1883 

District  No.     3j          Scattering 6 

Arthur  P.  Davis 1877 


District  No.     5^  Scattering 5 

-r^-  .  •  .  AT       ^  3  W.  L.  Darling 1887 

District  No.     7j  Scattering 1 

T^- .  •  .  AT     .o  3  R-  H-  Thomson 1879 

District  No.  12  j  Scattering 4 

"B.  F.  Cresson,  Jr. 
Clifford  B.  Moore 
Robert  W.  Boyd 
Noah  Cummings 
Richard  H.  Gillespie 
Alexander  Haring 
Henry  B.  Machen." 

Tellers. 

The  Secretary. — Mr.  President,  I  think  it  would  be  in  order  to 
escort  the  new  President  to  the  Chair. 

The  President. — You  have  heard  the  report  of  the  Tellers,  and  in 
accordance  with  that  the  next  thing  is  the  induction  of  the  new  Presi- 
dent to  the  Chair.  I  may  be  allowed,  before  that  takes  place,  to  express 
how  highly  I  have  appreciated  the  privilege  of  working  for  this  Society 
and  the  advancement  of  the  profession  in  the  office  which  I  have  held, 
which  came  to  me,  as  you  may  say,  accidentally. 
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(The  new  President  was  escorted  to  the  Chair  by  Desmond  Fitz- 
Gerald  and  John  A.  Ockerson,  Past-Presidents,  Am.  Soc.  C.  E.) 

George  H.  Pegram,  President,  Am.  Soc.  C.  E. — Gentlemen,  the  hour 
is  so  late  that  it  would  not  be  becoming  for  me  to  detain  you.  I  desire 
to  thank  you  for  this  great  honor  which,  probably,  to  an  engineer,  is 
valued  more  than  any  other.  I  feel  an  especial  embarrassment  in  imme- 
diately succeeding  the  man  who  has  filled  this  office  so  conspicuously, 
Mr.  Clemens  Herschel. 

Mr.  Herschel  has  confided  to  me  that  a  year  i^asses  very  quickly. 
I  do  not  think  he  alluded  to  the  arduous  nature  of  the  work  so  much 
as  to  his  desire  to  enter  that  select  society  of  Past-Presidents. 

I  believe  that  this  terminates  the  proceedings,  and  a  motion  to 
adjourn  will  be  in  order. 

The  Secretary. — Mr.  President,  before  we  adjourn,  I  would  like  to 
announce  that  a  meeting  of  the  Board  of  Direction  will  be  held  immedi- 
ately upon  the  adjournment  of  this  meeting  on  the  fifth  floor,  and  for 
the  comfort  of  the  Directors,  I  will  say  that  lunch  will  progress  during 
that  meeting.  You  all  understand  that,  immediately  after  the  meeting 
adjourns.  Members  of  the  Board  will  go  to  the  fifth  floor  for  luncheon. 

(Meeting  adjourned.) 
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EXCURSIONS  AND  ENTERTAINMENTS  AT  THE 
SIXTY  =  FOURTH  ANNUAL  MEETING 

Wednesday,  January  17111,1917. — After  the  Business  Meeting,  in 
the  United  Engineering  Society's  Building,  29  West  39th  Street,  lunch 
for  about  700  members  was  served. 

At  2.30  P.  M.,  through  the  courtesy  of  the  Public  Service  Com- 
mission for  the  First  District,  D.  L.  Turner,  M.  Am.  Soc.  C.  E.,  Acting 
Chief  Engineer;  the  Rapid  Transit  Subway  Construction  Company, 
George  H.  Pegram,  President,  Am.  Soc.  C.  E.,  Chief  Engineer;  and 
the  Holbrook,  Cabot  and  Rollins  Corporation,  George  H.  Clark,  M. 
Am.  -Soc.  C.  E.,  Chief  Engineer,  Contractors ;  about  70  members  made 
an  inspection  of  the  Diagonal  Station,  included  in  the  connection 
between  the  new  Lexington  Avenue  subway  and  the  present  subway 
under  Park  Avenue  in  the  vicinity  of  the  Grand  Central  Station. 

Another  party  of  about  40  members  inspected  the  new  Broadway 
subway  in  the  vicinity  of  Times  Square. 

At  the  same  hour,  by  invitation  of  Gustav  Lindenthal,  M.  Am. 
Soc.  C.  E.,  and  under  the  auspices  of  the  American  Bridge  Company, 
Eraser  Brace  and  Company,  McClintic-Marshall  Company,  and  Snare 
and  Triest,  Contractors,  a  party  of  about  125  members  visited  and 
inspected  the  Hell  Gate  Bridge  of  the  New  York  Connecting  Railroad. 

At  9  p.  M.  there  was  a  Reception,  with  dancing,  at  the  House  of 
the  Society,  at  which  the  attendance  was  about  440. 

Thursday,  January  i8th,  1917. — The  day  was  devoted  to  an  excur- 
sion on  the  East  and  Hudson  Rivers.  Starting  from  the  Battery  at 
10  A.  M.,  one  of  the  Municipal  Ferry  Boats,  The  BrooMyn,  kindly  fur- 
nished through  the  courtesy  of  Hon.  R.  A.  C.  Smith,  Commissioner  of 
Docks  and  Ferries,  conveyed  a  party  of  about  600  members  and  their 
guests  north  on  the  East  River,  passing  tmder  the  Brooklyn,  Man- 
hattan, Williamsburg,  Queensborough,  and  Hell  Gate  Bridges,  and 
going  as  far  as  Fort  Schuyler,  on  Long  Island  Sound.  The  boat  then 
returned  by  the  same  route  to  the  Battery,  where  a  stop  was  made 
in  order  to  accommodate  those  who  wished  to  land.  From  the  Battery 
the  steamer  continued  up  the  Hudson  River  along  the  New  York  shore 
as  far  as  Spuyten  Duyvil,  affording  a  view  of  the  various  Railroad  and 
Transatlantic  Steamship  Terminals,  Riverside  Park,  and  the  site  of 
the  proposed  relocation  of  the  New  York  Central  and  Hudson  River 
Railroad  tracks.  The  steamer  returned  along  the  New  Jersey  shore, 
passing  the  Palisades  and  various  railroad  and  steamship  terminals, 
as  far  as  the  Narrows  and  Fort  Hamilton  and  then  along  the  Brooklyn 
shore  and  through  Buttermilk  Channel,  passing  the  new  City  piers, 
in  the  Gowanus  Section,  the  Bush  Terminal,  and  Bay  Ridge  Parkway, 
and  arrived  at  the  Battery  at  about  4  p.  M. 

Lunch  was  served  on  board  during  the  trip. 
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In  the  evening,  at  the  Society  House,  there  was  a  Lecture  by 
John  Howard  Whitehouse,  Esq.,  Member  of  Parliament,  on  the  Changes 
in  Economic  and  Social  Conditions  in  England  due  to  the  War.  This 
was  followed  by  a  social  and  informal  smoker,  at  which  the  attendance 
was  about  800. 

The  following  list  contains  the  names  of  776  members  of  various 
grades  who  registered  as  being  in  attendance  at  the  Annual  Meeting. 
The  list  is  incomplete,  as  some  members  failed  to  register,  and  it  does 
not  contain  the  names  of  any  of  the  guests  of  the  Society  or  of  indi- 
vidual members.  It  is  estimated  that  the  total  attendance  was 
about  1  200. 

Ackeman,  A.  S.  . .  .Rahway,  N.  J.   Baldwin,  W.  J.,  Jr. New  York  City 
Ackerraan,  J.  W. . .  .Auburn,  N.  Y.   Balcom,  H.  G. . .  .New  York  City 

Adams,  E.  G New  York  City   Ball,  Lawrence  A.  .New  York  City 

Addis,  W.  G Winthrop,  Mass.   Ballinger,  W.  F.  .Philadelphia,  Pa. 

Aertsen,  Guilliaem,  Bamf ord,  W.  B .  . .  Trenton,  N.  J. 

Philadelphia,  Pa.   Barnes,  O.  F.  ..Jersey  City,  N.  J. 

Aiken,  W.  A New  York  City   Barney,  P.  C New  York  City 

Aikenhead,  J.  R. .  .New  York  City   Barney,  S.  E. .  .New  Haven,  Conn. 
Atkinson,  Asher,  Bascome,  W.  R. .  .New  York  City 

New  Brunswick,  N.  J.   Basinger,  J.  G.  ..  .New  York  City 
Alderson,  A.  B.,  Bates,  W.  B Roanoke,  Ya. 

West  Hartford,  Conn.    Baum,  George.  ..  .New  York  City 

Alexander,  H.  J.  .New  York  City   Bean,  G.  L Philadelphia,  Pa. 

Allen,  E.  Y New  York  City  Becker,  E.  J.  .Schenectady,  N.  Y. 

Allen,  F.  W.  .Mount  Yernon,  N.  Y.   Beekman,  J.  V.,  Jr. New  York  City 

Allen,  Kenneth New  York  City   Belzner,  Theodore. New  York  City 

Allen,  W.  H Brooklyn,  N.  Y.   Bensel,  J.  A New  York  City 

Amburn,  W.  W Portland,  Ore.   Bentley,  J.  C Elizabeth,  N.  J. 

Ammann,  O.  H New  York  City  Berger,  John New  York  City 

Anderberg,  Edward.New  York  City   Bettes,  C.  R..Far  Rockaway,  N.  Y. 

Anderson,  W.  T.,  Beugler,  E.  J New  York  City 

Forest  Hills,  N.  Y.   Billings,  A.  W.  K.  .New  York  City 

Andrews,  G.  C Buffalo,  N.  Y.   Bilyeu,  C.  S New  York  City 

Appleton,  T.  A.  . .  .Beverly,  Mass.   gi^by,  W.  H. .  .Washington,  D.  C. 

Arend,  A.  C Omaha,  Nebr.   Blackwell,  P.  A Roanoke,  Ya. 

Arnold,  W.  H New  York  City  gj^j^^  C.  M. . .  .New  Haven,  Conn. 

Ashmead,  P.  H..New  York  City   ^lakeley,  G.  H, 


Atwater,  H.  C.White  Plains,  N.  Y. 
Atwood,  T.  C.  .New  Haven,  Conn. 
Atwood,  W.  G.Chattanooga,  Tenn. 


Babcock,  W.  S. 


South  Bethlehem,  Pa. 
Blakeslee,  H.  L.New  Haven,  Conn. 
Blanchard.  A.  H. .  .New  York  City 
.  New  York  City   Bleistein,  B.  J Astoria,  N.  Y. 


Baird,  H.   C New  York  City   Blossom,  Francis . .  New  York  City 

Baldwin,  W.  J...  New  York  City   Boardman,  H.  E ...  New  York  City 
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Boardman,  H.  S Orono,  Me. 

Boardman,  W.  H.  .  .Newark,  N".  J. 

Bog-art,  John New  York  City 

Bogert,  C.  L New  York  City 

Bond,  G.  W.,  Jr.Weehawken,  N.  J. 
Bonnett,  C.  P.New  Rochelle,  N.  Y. 
Bontecou,  Daniel .  Kansas  City,  Mo. 
Booth,  G.  W.  .East  Orange,  N.  J. 

Bortin,  Harry New  York  City 

Boucher,  W.  J New  York  City 

Boyd,  R.  W New  York  City 

Brace,  J.  H New  York  City 

Bradbury,   R.   R., 

Pleasantville,   N.   Y. 

Bradley,  F.  E New  York  City 

Braine,  L.  F New  York  City 

Breed,  H.  E Albany,  N.  Y. 

Brendlinger,  P.  F., 

Philadelphia,  Pa. 

Brennan,  J.  G Albany,  N.  Y. 

Briggs,  J.  A New  York  City 

Briggs,  W.  C Brooklyn,  N.  Y. 

Brodie,  O.  L New  York  City 

Brown,  A.  T New  York  City 

Brown,  E.  H. .  .Hempstead,  N.  Y. 

Brown,  T.  E New  York  City 

Brown,  W.  E Brooklyn,  N.  Y. 

Brunner,  John Chicago,  111. 

Brush,  W.  W New  York  City 

Bryan,  C.  W New  York  City 

Bryson,  Andrew . .  New  Castle,  Del. 

Buck,  H.  R Hartford,  Conn. 

Buck,  R.  S New  York  City 

Budd,  P.  H New  York  City 

Buehler,  Walter Chicago,  HI. 

Buel,  A.  W New  York  City 

Buettner,  0.  G.  H., 

New  York  City 

Burgess,  G.  H Albany,  N.  Y. 

Burr,  G.  L. .  .White  Plains,  N.  Y. 

Burr,  W.  H New' York  City 

Burroughs,  H.  R.  .New  York  City 

Bush,  E.  W Hartford,  Conn. 

Bush,  H.  D Baltimore,  Md. 

Bush,  Lincoln New  York  City 


Campbell,  C.  C.  .Philadelphia,  Pa. 

Carey,  E.  G Bridgeport,  Conn. 

Carey,  M.  L Albany,  N.  Y. 

Carle,  N.  A Newark,  N.  J. 

Carpenter,  C.  E.. .  .Yonkers,  N.  Y. 

Carpenter,  R.  C Ithaca,  N.  Y. 

Carr,  Albert. .  .East  Orange,  N.  J. 

Carson,  H.  Y New  York  City 

Carstarphen,  F.  C.  .Trenton,  N.  J. 
Castleman,  F.  L. .  Philadelphia,  Pa. 
Chase,  C.  F.  .  .New  Britain,  Conn. 

Chester,  J.  N Pittsburgh,  Pa. 

Chevalier,  W.  T . .  Brooklyn,  N.  Y. 
Childs,  O.  W. .  .Washington,  D.  C. 
Chipman,  Paul...Mt.  Carmel,  111. 
Christian,  G.  L.  . .  .New  York  City 
Christie,  W.  W.  .  .Paterson,  N.  J. 

Church,  E.  C New  York  City 

Church,  I.  P Ithaca,  N.  Y. 

Churchill,  C.  S Roanoke,  Ya. 

Clark,  A.  E New  York  City 

Clark,  G.  H New  York  City 

Clarke,  E.  W.  .Pleasantville,  N.  Y. 

Clarke,  G.  C New  York  City 

Closson,  E.  S Montclair,  N.  J. 

Cobb,  L.  R Montclair,  N.  J. 

Codwise,  H.  R. . .  .Brooklyn,  N.  Y. 
Cogswell,  W.  B . .  .  Syracuse,  N.  Y. 

Cohen,  A.  B Hoboken,  N.  J. 

Cole,  G.  N New  York  City 

Coleman,  J.  F . . .  New  Orleans,  La. 

Colyer,  C.  I Montclair,  N.  J. 

Conger,  A.  A.  . .  .Worcester,  Mass. 
Conklin,  C.  D.,  Jr., 

Cheltenham,  Pa. 
Connelly,  J.  A.  A.  .New  York  City 
Constant,  F.  H,  .  .Princeton,  N.  J. 

Cook,  J.  H Paterson,  N.  J. 

Coombs,  S.  E Yonkers,  N.  Y. 

Cooper,  S.  W Houlton,  Me. 

Cornell,  J.  N.  H. .  .New  York  City 
Courteney,  R.  S . .  .  New  York  City 

Covey,  C.  H New  York  City 

Coyne,  H.  L New  York  City 
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Cresson,  B.  F.,  Jr., 

Jersey  City,  I^.  J. 
Creiizbaur,  R.  W.  .New  York  City 

Crocker,  H.  S Denver,  Colo. 

Crooks,  C.  H New  York  City 

Cross,  Hardy.  . .  .Providence,  R.  I. 
Cuddeback,  A.  W.  .Paterson,  N.  J. 

Cullen,  J.  F Philadelphia,  Pa. 

Culyer,  T.  C.Purdy  Station,  N.  Y. 
Cummings,  Noah.  .New  York  City 
Cummings,  R.  A.  .Pittsburgh,  Pa. 

Curtis,  J.  E Washington,  D.  C. 

Cushing,  W.  C Pittsburgh,  Pa. 

Dailey,  J.  A.  ..East  Orange,  N.  J. 
Dakin,  A.  H.,  Jr.  .New  York  City 

Darling,  W.  L St.  Paul,  Minn. 

Datesman,  G.  E.  .Philadelphia,  Pa. 

Davies,  J.  V New  York  City 

Davis,  A.  L New  York  City 

Davis,  A.  P.  ..  .Washington,  D.  C. 
Davis,  Chandler.  ..New  York  City 
Davis,  J.  L., 

Manchester  Center,  N.  H. 

Davison,  G.  S Pittsburgh,  Pa. 

Day,  W.  E New  York  City 

Deans,  J.  S Phoenixville,  Pa. 

Dedicke.  E.  C Utica,  N.  Y. 

Delson,  Isidore.  . .  .New  York  City 
Develin,  R.  G. .  .Philadelphia,  Pa. 
Devlin,  H.  S.  ..East  Orange,  N.  J. 

Deyo,  S.  L.  F New  York  City 

De  Witt,  P.  H..East  Orange,  N.  J. 
de  Wyrall,  Cyril,  .  .New  York  City 

Dibert,  H.  M Troy,  N.  Y. 

Dietrich,  W.  H...New  York  City 

Doron,  C.  S New  York  City 

Dorrance,  W.  T., 

New  Haven,  Conn. 
Dougherty,  R.  E.  ,New  York  City 

Douglas,  W.  J New  York  City 

Dow,  H.  S New  York  City 

Drake,  R.  E Brooklyn,  N.  Y. 

Drayton,  Newbold, 

Philadelphia,  Pa, 


Dunlap,  S.  C New  York  City 

Dunn,  H.  L.  .  .New  London,  Conn. 

Durfee,  J.  J Brooklyn,  N.  Y. 

Durham,  H.  W New  York  City 

Durham,  Leicester .  New  York  City 
Duryea,  Edwin, 

San  Francisco,  Cal. 
Dykeman,  C.  F.  .,  Brooklyn,  N,  Y, 

Earle,  Thomas ,,..  Bethlehem,  Pa. 
Easby,  M.  W.  . .  .Philadelphia,  Pa. 
Easby,  Wm.,  Jr,  ,  Philadelphia,  Pa, 

Eckersley,  J.  O New  York  City 

Eddy,  H.  P Boston,  Mass. 

Edmondson,  R.  S .  .  New  York  City 
Edwards,  D.  G.  . .  .Brooklyn,  N,  Y. 

Edwards,  J,  H New  York  City 

Edwards,  L,  N,, 

Toronto,  Ont.,  Canada 
Edwards,  W.  R. .  Washington,  D.  C. 

Ehle,  Boyd Yonkers,  N.  Y. 

Ehrbar,  E.  H Newark,  N.  J. 

Eide,  Torris New  York  City 

Elwell,  C.  C.  .  .New  Haven,  Conn. 
Emerson,  K.  B,  . .  ,New  York  City 
Endemann,  H,  K,, 

Long  Island  City,  N.  Y. 

Esselstyn,  H.  H Detroit,  Mich. 

Evans,  J.  D Yonkers,  N.  Y. 

Farley,  J.  M New  York  City 

Farley,  M.  M New  York  City 

Farnham,  A.  B..  .Pittsfield,  Mass. 
Farnham,  Robert, 

Philadelphia,  Pa. 
Farrington,  H.  P,  ,New  York  City 
Federlein,  W,  G,  .  .New  York  City 

Feiner,  M.  A New  York  City 

Felgenhauer,  F.  J.Brooklyn,  N.  Y. 
Ferguson,  J.  N..Ponkapoag,  Mass. 
Ferguson,  L.  R.  .Philadelphia,  Pa. 
Ferguson,  W.  E., 

Hastings-on-Hudson,  N.  Y. 
Ferry,  C.  A,  , ,  ,New  Haven,  Conn, 
Files,  T,  H , .  .New  York  City 
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Finch,  J.  K 'New  York  City 

Fisher,  E.  A Kochester,  N.  Y. 

Fisher,  H.  T New  York  City 

FitzGerald,  Desmond, 

Boston,  Mass. 

Fitzgerald,  W.  E Bristol,  Pa. 

Fletcher,  Robert.  .Hanover,  N.  H. 

Flinn,  A.  D Yonkers,  N.  Y. 

Forbes,  F.  B New  York  City 

Forgie,  James New  York  City 

Fort,  E.  J Brooklyn,  N.  Y. 

Foss,  F.  E New  York  City 

Fox,  W.  F..Rockville  Center,  N.  Y. 

Franklin,  CM New  York  City 

Eraser,  C.  E., 

Montreal,  Que.,  Canada 
Freeman,  M.  H. .  .  .New  York  City 
French,  Halsey. .  .Brooklyn,  N.  Y. 

French,  J.  B New  York  City 

Fuller,  G.  W New  York  City 

Fulweiler,  W.  H.  .Wallingford,  Pa. 

Gardiner,  F.  W. . .  .Yonkers,  N.  Y. 
Gardiner,  J.  B.  W.New  York  City 

Gardner,  W New  York  City 

Garfield,  C.  A..  .  .Bronxville,  N.  Y. 
Garrison,  F.  L. .  .Philadelphia,  Pa. 
Gartensteig,  Chas..New  York  City 

Gaston,  L.  P New  York  City 

Gibboney,  F.  L Roanoke,  Ya. 

GifFord,  G.  E New  York  City 

Gildersleeve,  A.  C.New  York  City 

Gillen,  W.  J New  York  City 

Gillespie,  R.  H New  York  City 

Gilman,  Charles. .  .New  York  City 
Glander,  J.  H.,  Jr.. New  York  City 
Goddard,  W.  B.,  Jr.  New  York  City 
Goldbeck,  A.  T. .  Washington,  D.  C. 
Goldmark,  Henry.  .New  York  City 
Goldsborough,  J.  B., 

New  York  City 
Goldsmith,  Wm., 

New  Hampton,  N.  Y. 
Goodman,  Louis.  ..New  York  City 
Gould,  CM New  York  City 


Gould,  J.  W.  DuB..New  York  City 

Gould,  W.  T Reno,  Nev. 

Graves,  W.  F., 

Montreal,  Que.,  Canada 
Greene,  Carleton.  .New  York  City 
Greene,  G.  S.,  Jr.  .New  York  City 
Gregory,  C  E.  ..Mt.  Kisco,  N.  Y. 

Gregory,  J.  H New  York  City 

Greiner,  J.  E Baltimore,  Md. 

Grove,  W.  G New  York  City 

Grover,  W.  A Dover,  N.  H. 

Guissinger,  J.  A Wynne,  Ark. 

Gunther,  H.  D Dover,. N.  J. 

Guthrie,  K.  O.  .Schenectady,  N.  Y. 

Haines,  E.  G Brooklyn,  N.  Y. 

Hale,  H.  M.  . .  , . .  .New  York  City 

Hale,  R.  K Boston,  Mass. 

Hall,  M.  W New  York  City 

Halsey,  W.  H.Southampton,  N.  Y. 
Hamilton,  E.  P.  .  .New  York  City 
Hamilton,  P.  D.  G., 

Needham,  Mass. 
Hammond,  J.  F..New  York  City 
Hansel,  Charles.  .  .New  York  City 

Harby,  Isaac New  York  City 

Harding,  H.  S New  York  City 

Haring,  Alexander. New  York  City 
Harrison,  E.  W..  Jersey  City,  N.  J. 

Harrison,  S.  H Easton,  Pa. 

Harte,  C  R. .  .  .New  Haven,  Conn. 
Harwood,  G.  A.  . ,  .New  York  City 

Haskins,  W.  J New  York  City 

Hatt,  W.  K Lafayette,  HI. 

Hauck,  William.  .  .New  York  City 
Havens,  W.  W.  . .  .New  York  City 
Hawley,  J.  B...Fort  Worth,  Tex. 
Haydock,  Charles, 

Philadelphia,  Pa. 

Hayes,  R.  D Stillwater,  N.  Y. 

Hazen,  Allen New  York  City 

Hazen,  W.  N Orange,  N.  Y. 

Healy,  J.  R New  York  City 

Hebard,  R.  W New  York  City 

Heed,  S.  D New  York  City 
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Heilbronner,  L.  C Utica,  N.  Y. 

Heiser,  A.  B ISTew  York  City 

Heiser,  W.  J New  York  City 

Heller,  J.  W.  .South  Orange,  N.  J. 
Henderson,  John  T., 

Hartford,  Conn. 

Henry,  S.T New  York  City 

Hering,  Eudolph.  .New  York  City 
Herschel,  Clemens. .  New  York  City 

Herzig,  Solon New  York  City 

Hewes,  Y.  H New  York  City 

Higgins,  J.  W New  York  City 

Hill,  J.  E Providence,  E.  I. 

Hill,  W.  R Albany,  N.  Y. 

Hilton,  J.  C New  York  City 

Hirst,  Arthur New  York  City 

Hjorth,  L.  R.  .Meadowdale,  Wash. 

Hodgdon,  B.  A New  York  City 

Hodge,  H.  W New  York  City 

Hogan,  J.  P New  York  City 

Hoge,  E.  A.  C. .  ~  .  .New  York  City 

Holbrook,  A.  R New  York  City 

Holbrook,  Percy. .  .New  York  City 

Holden,  C.  A Hanover,  N.  H. 

Holland,  CM...  .New  York  City 
Honness,  G.  Gr. .  . .  Ashokan,  N.  Y. 
Home,  H.  W.  . .  Collinsville,  Conn. 

Horton,  R.  E Albany,  N.  Y. 

Hovey,  O.  E New  York  City 

Howard,  L.  T New  York  City 

Howell,  W.  A Newark,  N.  J. 

Howes,  C.  P. .  .New  Haven,  Conn. 
Hubbard,  Prevost, 

Washington,  D.  C. 
Hudson,  C.  W., 

Upper  Montclair,  N.  J. 

Hudson,  H.  W New  York  City 

Huie,  I.  V.  A New  York  City 

Hulsart,  C.  R New  York  City 

Humphrey,  R.  L. .  Philadelphia,  Pa. 
Humphreys,  A.  C.  .New  York  City 

Hunt,  A.  M New  York  City 

Hunt,  Charles  Warren, 

New  York  City 


Hurd,  H.  L.  .White  Plains,  N.  Y. 
Hyde,  H.  E Providence,  R.  I. 

Ingersoll,  CM...  .New  York  City 

Jackson,  J.  F.  .New  Haven,  Conn. 

Jackson,  W.  B Chicago,  HI. 

Jacobs,  R.  H New  York  City 

Jacobsen,  H.  R. .  .Brooklyn,  N.  Y. 

Jenkins,  J.  E New  York  City 

Jochimson,  Martin .  New  York  City 
Johannesson,  Sigvald, 

New  York  City 

Johnson,  A.  N Chicago,  HI. 

Johnstone,  A.  M.  E., 

New  York  City 

Jonah,  F.  G St.  Louis,  Mo. 

Jones,  Jonathan. .  Philadelphia,  Pa. 
Jonson,  Ernst  F . . .  New  York  City 

Kaestner,  A.  C .  . .  .  New  York  City 

Kastl,  A.  E Detroit,  Mich. 

Kaufman,  Gustave .  New  York  City 
Kayser,  Edward  M.  .Tenafly,  N.  J. 
Keays,  R.  H. . .  .Jersey  City,  N.  J. 

Keith,  H.  C New  York  City 

Kelley,  W.  D Yonkers,  K  Y. 

Kelly,  C  W. . .  .New  Haven,  Conn. 
Kennison,  Karl  R., 

Providence,  R.  I. 
Khuen,  Richard,  Jr., 

Pittsburgh,  Pa. 

Kimball,  F.  C Summit,  N.  J. 

Kinney,  W.  M Chicago,  HI. 

Kinsey,  W.  A Newark,  N.  J. 

Kirkwood,  H.  C. Flushing,  N.  Y. 
Kittredge,  G.  W. .  .New  York  City 

Knap,  J.  M Catskill,  N.  Y. 

Knighton,  J.  A.  . .  .New  York  City 
Knowles,  Morris . .  .  Pittsburgh,  Pa. 

Knox,  S.  B New  York  City 

Knox,  S.  K Montclair,  N.  J. 

Knutson,  G.  H Jackson,  Mich. 

Koch,  O.  H.  S New  York  City 

Kornfeld,  A.  E New  York  City 

Krause,  M.  C.  .  Williamsport,  Pa. 
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Lamson,  W.  M. . .  .New  York  City 
Laiidreth,  O.  H., 

Schenectady,  N.  Y. 
Landreth,  W.  B., 

Schenectady,  N.  Y. 

Lange,  T.  F New  York  City 

Langthorn,  J.  S. .  .New  York  City 

Lannan,  L.  E New  York  City 

Larmon,  F.  P Utica,  N.  Y. 

Larssou,  C.  G.  E,.  .New  York  City 

Lathrop,  J.  C Columbus,  Ohio 

Latimer,  C.  A New  York  City 

Lawrence,  E.  J.  .Philadelphia,  Pa. 

Lawton,  F.  T New  York  City 

Leavitt,  C.  W New  York  City 

Lee,  W.  B New  York  City 

Leffingwell,  F.  D . .  Montclair,  N.  J. 
Leiser,  Ferdinand,  Jr., 

New  York  City 

Leland,  CM Ithaca,  N.  Y. 

Leser,  Henry New  York  City 

Lesley,  R.  W. ..  .Philadelphia,  Pa. 
Letson,  T.  H., 

New  Brunswick,  N.  J. 

Lewis,  N.  P New  York  City 

Lex,  W.  I Philadelphia,  Pa. 

Lichtenstein,  Harry, 

New  York  City 
Lieb,  J.  W. .  .New  Rochelle,  N.  Y. 
Lindenthal,  Gustav, 

New  York  City 
Lindholm,  C.  B. .  .Pittsfield,  Mass. 

Lobo,  Carlos Brooklyn,  N.  Y. 

Loewenstein,  Jacob, 

New  York  City 

Logan,  W.  S Newark,  N.  J. 

Loomis,  Horace.  ..New  York  City 

Loweth,  C.  F. Chicago,  111. 

Lucas,  E.  W.  van  C .  New  York  City 

Lucas,  G.  L New  York  City 

Ludwig,  J.  A New  York  City 

Lundie,  John New  York  City 

Lynde,  Clifford .  . .  Brooklyn,  N.  Y. 

MacCornack,  C.  W., 

Phoenixville,  Pa. 


MacDonald,  Charles, 

Tarrytown,  N.  Y. 
MacFeeters,  J.  O .  Glen  Ridge,  N.  J. 
MacGregor,  R.  A.  .New  York  City 

Machen,  H.  B New  York  City 

Macksey,  H.  V Woburn,  Mass. 

McCabe,  J.  J Highlands,  N.  J. 

McClintock,  J.  R.  .New  York  City 
McClintock,  J.  Y.Rochester,  N.  Y. 
McDonald,  Hunter, 

Nashville,  Tenn. 
McDowell,  F.  F.. .  .New  York  City 
McEntire,  Lloyd. .  .Trenton,  N.  J. 
Mclntyre,  W.  A., 

Youngstown,  Ohio 

McMinn,  T.  J Brooklyn,  N.  Y. 

McMullen,  R.  W.  .New  York  City 
McNaugher,  D.  W.Pittsburgh,  Pa. 
McNulty,  G.  W. . . .  New  York  City 
McPherson,  R.  11.. New  York  City 
Madden,  John  H.  .New  York  City 
Maltby,  F.  B. . .  .Philadelphia,  Pa. 
Manahan,  E.  G.  .Wilmington,  Del. 

Mansfield,  W.  H Troy,  N.  Y. 

Marburg,  Edgar. .  Philadelphia,  Pa. 

Marx,  CD Palo  Alto,  Cal. 

Mason,  Francis ...  New  York  City 

Matheson,  J.  D New  York  City 

Matlaw,  I.  S New  York  City 

Mattimore,  H.  S. . .  .Albany,  N.  Y. 

Mayell,  A.  J New  York  City 

Mead,  C  A. Upper  Montclair,  N.  J. 

Meeker,  R.  A Plainfield,  N.  J. 

Mehren,  E.  J New  York  City 

Melius,  L.  L New  York  City 

Meriwether,  Coleman, 

New  York  City 
Merriman,  Mansfield, 

New  York  City 
Merryman,  W.  C.  .New  York  City 
Metcalf,  Leonard.  . .  .Boston,  Mass. 

Mickey,  C  E Lincoln,  Nebr. 

Miles,  G.  F New  York  City 

Miller,  M.  M New  York  City 

Miller,  Rudolph  P.. New  York  City 
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Miller,  S.  F.  .South  Orange,  K  J. 

Minor,  S.  E Greenwich,  Conn. 

Modjeski,  Ealph.  .  .New  York  City 
Mogensen,  O.  E .  . .  .New  York  City 

Moisseiff,  L.  S New  York  City 

Moncure,  W.  A.  .Philadelphia,  Pa. 
Montfort,  Richard. Louisville,  Ky. 

Moore,  Y.Y New  York  City 

Morrill,  C  P..  .  .Bridgeport,  Conn. 

Morse,  E.  K Pittsburgh,  Pa. 

Morse,  II.  S Detroit,  Mich. 

Mowlds,  Eugene. .  .Edgemoor,  Del. 
Muir,  J.  C.  . . ...  .Bloomfield,  N.  J. 

Murphy,  F.  E., 

West  New  Brighton,  N.  J. 
Murray,  J.  F . .  . .  Philadelphia,  Pa. 

Musson,  E.  F Norwich,  N.  Y. 

Myers,  C.  H New  York  City 

Myers,  J.  H.  .White  Plains,  N.  Y. 

Nelson,  F.  B New  York  City 

Nelson,  J.  W Brooklyn,  N.  Y. 

Nelson,  J.  A New  York  City 

Newcomb,  W.  T Easton,  Pa. 

Newhall,  H.  L New  York  City 

Noble,  F.  C New  York  City 

Nolan,  T.  B.,  Jr., 

Washington,  D.  C. 

Norris,  W.  H Portland,  Me. 

Norton,  G.  H Buffalo,  N.  Y. 

Oakley,  G.  I.  . .  .Little  Falls,  N.  Y. 

Ockert,  F.  W Boston,  Mass. 

Ockerson,  J.  A St.  Louis,  Mo. 

Odell,  F.  S Portehester,  N.  Y. 

O'Donnell,  J.  R.  .  .Brooklyn,  N.  Y. 

Okeson,  W.  R New  York  City 

Olmsted,  A.  E New  York  City 

Olmsted,  H.  W.Pleasantville,  N.  Y. 

O'Meara,  R.  J New  York  City 
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Report  of  the  Committee  on  Special  Committees  Presented  to  the 

Board  of  Direction,  January  15th,  1917,  and  Ordered 

Printed  for  the  Information  of  Members 

New  York,  January  13,  1917. 
The  Board  of  Direction, 

American  Society  of  Civil  Engineers, 
220  West  57th  Street, 
New  York. 

Gentlemen. — The  undersigned,  your  Committee  on  Special  Com- 
mittees, beg  to  report  as  to  their  work  during  the  past  year. 

At  the  meeting  of  your  Board  on  April  18th,  1916,  this  Committee 
was  "charged  with  overseeing  all  of  the  work  of  Special  Committees 
and  the  approval  of  all  expenditures  of  such  Committees". 

We  have  been  advised  of  the  work  of  these  Special  Committees  after 
their  reports  have  been  published  in  the  Proceedings.  We  believe  that 
the  only  way-  in  which  this  Committee  can  be  of  any  real  use  or  service 
to  your  Board  is  by  being  furnished  information  on  the  work  and 
expenses  of  all  Special  Committees  when  such  information  is  rendered 
to  the  Society. 

During  the  past  year  we  regret  the  loss  by  death  of  one  of  our  mem- 
bers, Mr.  Bogue,  whose  vacancy  has  not  yet  been  filled. 

We  have  ascertained  various  information  by  correspondence  with 
the  several  Special  Committees,  which  we  herewith  beg  to  state,  with 
our  comments  and  recommendations. 

1. — On  Concrete  and  Reinforced  Concrete. 

This  Committee  has  tendered  a  final  report,  which  is  printed  in  the 
December  Proceedings.  This  report  is  voluminous,  and  a  highly  valu- 
able contribution  to  the  records  of  the  Society,  and  the  Special  Com- 
mittee is  to  be  congratulated  on  its  work. 

At  the  April  18th  meeting  your  Board  appropriated  $675.00  for  the 
work  of  this  Committee  during  1916.  There  has  been  actually  expended 
of  this  amount  $451.60,  for  mileage  exclusively.  Contributions  to  the 
work  of  this  Committee  have  been  made  by  the  American  Society  for 
Testing  Materials,  the  American  Railway  Engineering  Association, 
and  the  Portland  Cement  Association.  The  Committee  has  had  very 
heavy  expenses  for  printing,  duplicating  typewriting,  mailing,  etc.,  and 
requires  an  amount  of  $317.83  to  pay  up  outstanding  indebtedness. 
We  have  further  received  from  Mr.  Worcester  a  more  intelligible 
explanation  as  to  the  payment  of  salary  to  the  Secretary  of  the  Com- 
mittee, which  was  declined  at  the  April  meeting  of  your  Board.  It 
now  appears  that  this  was  improperly  done  several  years  ago,  and  that 
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the  Committee  then  entered  into  written  agreement  to  pay  this  salary, 
which  was  in  lieu  of  hiring  outside  clerical  assistance.  The  individual 
members  of  this  Joint  Committee  have  personally  contributed  to 
liquidate  these  obligations  and  are  still  short  about  $700. 

In  view  of  the  conclusion  of  the  work  of  this  Special  Committee, 
and  having  in  mind  the  admirable  Final  Report  submitted,  we  recom- 
mend that  appropriation  be  made  of  $500,  on  account  of  this  item  of 
deficit  of  the  Committee,  making  a  total  appropriation  for  the  work  and 
expenses  of  this  Committee  of  $817.83. 

This  Committee  desires  to  maintain  its  organization  for  sufficient 
time  during  this  year  to  deal  with  answers  to  such  discussion  as  the 
publication  of  its  report  may  develop,  and  thereafter  to  be  discharged. 
We  further  recommend  the  appropriation  by  the  incoming  Board  of 
Direction  of  such  amount  for  mileage  of  members  as  may  be  necessary 
for  any  meeting  of  this  Special  Committee  called  to  consider  any  dis- 
cussion of  its  report. 

2. — On  Engineering  Education. 

Your  Board  appropriated  for  1916  expenditures  the  sum  of  $100. 
No  part  of  this  has  been  expended,  and  Mr.  FitzGerald  reports  that  no 
appropriation  is  required  for  1917.  He  can  submit  no  report,  but  only 
a  brief  statement  of  progress,  but  he  hopes  to  have  present,  at  the- 
Annual  Meeting,  Dr,  Mann,  of  Carnegie  Foundation,  to  say  a  few 
words  on  the  present  aspect  of  investigations  now  in  progress. 

S. — On  Steel  Columns  and  Struts. 

Your  Board  appropriated  for  1916  expenditures  the  sum  of  $980,. 
and  ordered  $100  of  such  expenses  as  were  incurred  to  be  paid  out  of" 
the  special  fund  contributed  by  Bethlehem  Steel  Company.  There  has 
been  actually  expended  $481.65.  The  Chairman,  Mr.  Pegram,  is  unable 
to  make  up  a  budget  for  1917  expenditures  until  ten  days  after  the 
Annual  Meeting.  A  progress  report  has  been  published  in  December 
Proceedings,  and  Mr.  Pegram  advises  that  the  final  report  is  not  ready; 
that  the  Committee  is  now  engaged  on  some  special  work,  and  that  no 
change  in  the  personnel  of  the  Committee  is  desired. 

In  the  absence  of  a  budget  for  1917,  we  are  unable  to  make  any 
recommendation  as  to  an  appropriation. 

U. — On  Materials  for  Road  Construction. 

Your  Board  appropriated  for  1916  expenditures  the  sum  of  $500,  of 
which  amount  there  has  been  expended  $235.53. 

A  progress  report  of  this  Committee  has  been  published  in  December 
Proceedings,  and  Mr.  Crosby  advises  that  he  anticipates  a  final  report 
will  be  made  at  the  Annual  Meeting  in  January,  1918.  The  Committee 
as  now  constituted  is  working  harmoniously  and  actively.     It  is  antici^ 
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pated  that  the  work  of  preparation  of  the  final  report  during  the  next 
year  will  involve  greater  expenditures  than  heretofore,  and  Mr.  Crosby 
asks  for  an  appropriation  of  $800.  While  we  do  not  consider  that  this 
large  sum  should  be,  or  will  be,  expended,  we  reconunend  that  in  view 
of  the  importance  of  the  subject,  the  Board  should  appropriate  for  1917, 
for  the  conclusion  of  the  work  of  a  final  report,  the  amount  asked,  $800. 
No  change  is  desired  in  the  personnel  of  this  Special  Committee. 

5. — On  Valuation  of  Public  Utilities. 

Your  Board  appropriated  for  1916  expenditures  the  sum  of  $600,  of 
which  amomit  there  has  been  expended  $526.28. 

This  Committee  has  published  in  the  December  Proceedings  its  final 
report,  which  is  a  voluminous  and  valuable  contribution  to  the  bibliog- 
raphy of  the  subject.  The  Committee  is  to  be  heartily  congratulated 
on  the  promptitude  and  energy  displayed  in  the  presentation  of  its  final 
report,  which  gains  in  value  by  its  presentation  at  this  time. 

The  Chairman,  Mr.  Stearns,  desires  to  maintain  the  organization 
of  this  Committee,  as  now  constituted,  a  sufficient  time  after  the  Annual 
Meeting  to  formulate  its  reply  to  any  discussion  which  might  be  brought 
forth,  and  thereafter  to  be  discharged.  For  the  mileage  and  expenses 
of  such  meetings  as  may  be  needed  for  this  purpose,  an  appropriation 
of  $250  is  asked,  which  we  recommend  for  the  consideration  of  the 
incoming  Board. 

6. — To  Investigate  Conditions  of  Employment  of,  and  Compensation  of. 
Civil  Engineers. 

Your  Board  appropriated  for  the  1916  expenditures  the  sum  of 
$438.40,  of  which  sum  there  has  been  expended  only  $144.72. 

The  final  report  of  this  Committee  is  published  in  the  December 
Proceedings,  and  the  Chairman,  Mr.  Lewis,  requests  the  discharge  of 
the  Coromittee,  whicli  we  beg  to  recommend,  with  thanks  to  the  mem- 
bers of  the  Committee  for  the  service  rendered. 

7. — To  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for 
Foundations. 

Your  Board  appropriated  for  1916  expenditures  the  sum  of  $1  200, 
of  which  amount,  we  understand,  there  has  been  expended  $240.75. 
All  matters  relating  to  the  work  of  this  Committee  were  taken  out  of 
our  hands  by  reference  to  Messrs.  Jonah,  Wilkins,  and  Sprague,  whose 
report,  dated  September  30th,  1916,  covers  all  matters  relative  to  the 
work  of  this  Committee.  We  recommend,  therefore,  that  appropriation 
be  continued  as  recommended  by  Mr.  Jonah's  report,  of  the  balance 
remaining  of  the  $1  200  last  appropriated,  or  $959.25. 

Mr.  Cummings  proposes  to  submit  to  the  Annual  Meeting  a  progress 
report  of  what  work  has  been  done  during  the  past  year  by  the  U.  S. 
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Bureau  of  Standards  and  the  Technological  Branch  of  Carnegie 
Library.  We  understand  Mr.  Cununings  desires  to  reorganize  the  per- 
sonnel of  this  Committee,  and,  in  case  he  furnishes  us  with  his  views, 
we  shall  submit  same  to  your  Board. 

8. — On  a  National  Water  Law. 

Your  Board  appropriated  for  1916  expenditures  the  sum  of  $500,  of 
which  amount  only  $49.82  has  been  expended.  During  the  past  year 
this  Committee  has  been  reorganized.  The  Chairman,  Professor 
Newell,  has  made  a  progress  report  which  is  p.ublished  in  December 
Proceedings,  on  the  general  scope  of  the  work,  and  he  desires  to  con- 
tinue the  Committee  as  now  constituted. 

We  have  had  a  conference  with  Professor  Newell,  and  find  that  he 
has  definite  views  on  the  enlargement  of  the  scope  and  field  of  investi- 
gation of  the  work  of  his  Committee,  to  cover  sources  of  water,  pollu- 
tion of  water  supply,  irrigation,  and  other  uses  of  water,  in  addition  to 
its  use  for  power  development.  We,  therefore,  have  suggested  to  Pro- 
fessor Newell  that,  in  view  of  our  opinion  that  it  is  no  function  of  an 
engineering  society  to  prepare  water  laws,  either  State  or  Federal,  and 
that  the  whole  question  of  legislation  and  preparation  of  laws  can 
better  be  dealt  with  by  other  professional  organizations,  the  present 
title  of  this  Committee  is  a  misnomer,  and  the  Committee  should  be 
re-christened.  Professor  Newell  heartily  agrees  to  this  and  suggests 
that  the  title  should  be  "Special  Committee  on  Conservancy".  We  do 
not  feel  that  this  title  is  the  best  available,  and  suggest  "Special  Com- 
mittee on  the  Regulation  of  Water  Rights". 

We  recommend  in  any  case  that  the  title  and  scope  of  work  of  this 
Committee  be  changed  and  that  appropriation  for  1917  be  made  in  the 
sum  of  $450. 

9. — On  Floods  and  Flood  Prevention. 

This  Committee  was  discharged  by  your  Board  at  the  Pittsburgh 
meeting  on  June  22d.  Strenuous  opposition  to  this  action  has  been 
made  by  Mr.  Morris  Knowles,  one  of  the  members,  on  the  ground  that 
the  Annual  Meeting  of  1916  continued  the  life  of  this  Committee,  and 
that  the  Board  had  no  power  to  discharge  it.  There  is  no  desire  on  the 
part  of  Mr.  Knowles  to  continue  the  Committee,  and,  therefore,  we 
have  agreed  to  make  formal  motion  to  the  Annual  Meeting  for  its 
discharge. 

10. — On  Stresses  in  Railroad  Track.  ^ 

No  appropriation  was  specifically  made  by  your  Board  for  this  Com- 
mittee, and  the  expenses  are  now  being  paid  out  of  the  special  fund  set 
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up  for  its  work.  This  Joint  Committee  has  expended  in  1916  the  sum 
of  $1  946.09. 

It  is  proposed  to  make  a  progress  report  to  the  Annual  Meeting. 

Work  by  this  Committee  is  proceeding  actively,  and  with  interest 
and  energy  on  the  part  of  its  members.  The  same  personnel  should  be 
continued.  Experimental  work  has  been  carried  on  with  specially 
designed  apparatus  for  track  and  ballast  tests,  for  the  most  part  on  the 
Illinois  Central  and  Lackawanna  Railroads. 


For  the  work  of  all  Special  Committees  for  1916  your  Board  appro- 
priated a  total  sum  of  $5  000,  and  we  beg  to  report  that  the  expenditures 
have  been  $4  115.07,  or  a  saving  from  the  appropriation  of  $884.93. 

We  cannot  too  strongly  emphasize  the  importance  of  the  work  of 
Special  Committees  to  the  Society.  At  the  same  time,  to  be  of  greater 
value  to  the  Society,  the  work  of  each  Special  Committee  should  be 
pushed  strenuously  and  results  reported  at  as  early  a  date  as  possible. 

At  this  Annual  Meeting  there  will  be  concluded  the  Special  Com- 
mittees on — 

Floods  and  Flood  Prevention; 
Concrete  and  Reinforced  Concrete; 
Valuation  of  Public  Utilities; 
Employment  and  Compensation  of  Engineers. 

This  will  reduce  materially  the  burden  and  expense  of  maintaining 
Special  Committees. 

At  the  meeting  of  your  Board  on  April  18th,  ulto.,  this  Committee  was 
appointed  as  a  Permanent  Committee  of  the  Board  and  we,  therefore, 
recommend  for  our  successors  that  in  the  event  that  other  Special  Com- 
mittees of  the  Society  may  hereafter  be  asked  for  or  considered,  that  the 
most  careful  scrutiny  should  be  given,  before  appointment,  as  to  their 
value,  scope,  and  purpose,  particularly  in  respect  of  the  work  being 
directed  strictly  within  engineering  fields. 

We  further  recommend  that  the  rules  relating  to  the  appointment 
and  government  of  Special  Committees  should  be  so  amended  as  to 
jnake  this  Committee  of  your  Board  the  intermediary  on  all  matters 
between  the  Special  Committees  and  the  Board  of  Direction. 

In  regard  to  the  future  regulation  of  Special  Committees,  we  call 
the  attention  of  the  Board  to  the  recommendations  contained  in  the 
letter  from  the  President  to  the  Chairman  of  our  Committee,  of 
November  24th,  1916,  printed  copies  of  which  have  been  sent  to  the 
present  and  incoming  members  of  the  Board.* 

*  This  letter  will  be  found  on  page  129. 
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Finally,  Mr.  Davies  and  Mr.  Bush  respectfully  beg  to  tender  their 
resignations  as  members  of  this  Committee  of  the  Board. 

Respectfully  submitted, 

J.  V.  Davies 

CJtairman. 
L.  Bush 

Clemens  Herschel 
(Ex  officio) 

Letter  from  President  Herschel  to  the  Committee  on  Special 
Committees  Referred  to  in  the  Report 
of  that  Committee. 

Mr.  J.  ViPOND  Davies, 

Chairman   of   the    Committee    on    Special    Committees,    Board   of 
Direction, 
American  Society  of  Civil  Engineers,  30  Church  Street, 
New  York  City. 
Dear  Sir: 

With  a  full  appreciation  of  the  service  which  your  Committee  has 
already  rendered  in  the  best  interests  of  our  Society,  I  address  you 
as  Chairman  of  an  important  Committee,  and  speaking  as  a  member 
of  that  Committee.  You  will  recall  that  the  Board  of  Direction  at 
its  meeting  at  Pittsburgh  in  June,  1916,  declared  that  the  President 
of  the  Society  was  under  the  Constitution  ex  officio  a  member  of  all 
Committees  appointed  by  the  Society. 

It  was  felt  that  the  work  of  Special  Committees  appointed  by  the 
Society  had  assumed  a  development  and  cost  to  the  Society,  which 
necessitated  some  active  connecting  link  between  them  and  the  Board 
of  Direction,  if  government  or  co-ordination  of  service  to  the  Society 
there  should  be,  and  the  vote  that  was  passed,  looked  to  that  end. 

Since  then  I  have  been  informed  of  prospective  meetings  of  the 
Special  Committees,  hitherto  unknown  in  advance  to  any  one  except 
to  the  individual  members  of  each  Committee,  have  attended  three 
such  meetings,  and  am  impressed  with  the  importance  of  your  Com- 
mittee and  its  work,  preventive  as  well  as  remedial,  to  the  future 
welfare  of  the  Society;  so  much  so,  that  I  urge  you  to  move  for  the 
formation  of  your  Committee  into  a  permanent  Standing  Committee 
of  the  Society. 

More  than  this :  and  going  back  to  original  causes,  I  think  that  the 
method  of  appointment  of  these  Special  Committees  is  something 
that  calls  for  reform.  The  Constitution  prescribes  two  methods  for 
such  appointment,  one  of  which  has  been  found  too  cumbersome  for 
use  in  actual  practice,  so  that  Special  Committees  are  as  a  rule  now 
appointed  by  the  Board  of  Direction  on  petition;  and  in  the  revised 
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Constitution  now  under  discussion,  Art.  VI,  Sec.  10,  in  one  draft  has 
read:  "Special  Committees  may  from  time  to  time  be  appointed  by 
the  Board  of  Direction  from  the  membership  of  the  Society,  to  report 
upon  engineering  subjects."  It  has  seemed  to  me  that  when  the  ques^ 
tion  comes  up  whether  or  no  to  have  a  Special  Committee  on  any  sub- 
ject, it  should  always  first  form  the  subject  of  serious  consideration 
by  your  Committee,  and  before  discussion  upon  it  is  had  in  the  Board 
of  Direction;  and  as  for  passing  on  such  matters  at  the  Annual  Con- 
vention or  Annual  Meeting  of  the  Society,  I  think  every  one  will  agree 
that  with  the  proportions  the  Society  and  these  meetings  have  attained 
and  the  limited  time  that  is  available,  these  meetings  have  practically 
ceased  to  be  deliberative  assemblies,  and  cannot  wisely  act,  in  matters 
such  as  have  been  referred  to. 

But  these  Special  Committees  once  appointed,  go  on  and  on, 
exhaust  the  resources  and  energies  of  the  Society  which  might  be  put 
to  better  uses,  and  in  this  way  balk  the  action  of  the  Society  in  more 
useful  channels,  and  automatically  cause  it  great  expense;  or  else  are 
or  may  be  checked  only  by  the  brutal  method  of  refusing  them  the 
desired  appropriations  for  carrying  on  their  work  as  its  members 
zealously  wish  to  carry  it  on. 

These  Committees  have  not  in  their  charge  the  interests,  perhaps 
not  even  the  renown  of  the  whole  Society,  and  cannot  be  asked  to  safe- 
guard them;  your  Committee  should  do  this  by  co-operation  with  them, 
and  may  be  enabled  to  do  it  in  the  future,  by  the  fact  that  the  Presi- 
dent of  the  Society  is  a  member  of  all  Committees. 

You  have  hitherto  discussed  the  work  of  several  such  Committees, 
and  I  propose  to  illustrate  what  has  above  been  said,  by  the  present 
situation  of  the  Society  with  respect  to  another  such  Special  Committee. 

January  18th,  1911,  at  a  meeting  of  the  Society  and  on  motion  of 
Charles  Hansel,  M.  Am.  Soc.  C.  E.,  the  appointment  of  a  "Valuation 
Committee"  was  referred  to  the  Board  of  Direction.  This,  it  will  be 
noticed  was  long  before  the  Congress  of  the  United  States  undertook 
to  value  all  the  railroads  of  the  country. 

At  the  Annual  Meeting  of  January  15th,  1913,  a  "Progress  Report" 
was  presented  by  its  Chairman,  Frederic  P.  Stearns,  Past-President, 
Am.  Soc.  C.  E. 

At  the  Annual  Meeting  of  January  21st,  1914,  a  "Progress  Report", 
published  only  in  pamphlet  form,  112  pages,  was  presented  by  title. 

At  this  meeting  it  was  also  moved  and  carried  that  the  Progress 
Report  should  not  be  printed  in  the  Proceedings  of  the  Society,  until 
it  was  in  final  form. 

On  March  11th,  1914,  and  April  2d,  1914,  afternoon  and  evening. 
Special  Meetings  of  the  Society  were  held  for  discussion  of  the  pam- 
phlet form  of  the  Progress  Report.  See  Proceedings  for  February, 
March,  April,  May,  August,   and  October,   1914 — 343  pages — besides 
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other  articles  on  the  same  subject,  and  a  bibliography  ordered  by  the 
Committee,  60  pages,  printed  in  Transactions,  Vol.  LXXVI,  brought 
up  to  July  16th,  1913. 

Issuance  of  further  copies  of  the  pamphlet  Progress  Report  was 
stopped  by  the  Board  of  Direction  in  October,  1914. 

There  is  now  set  up  in  galley  form,  over  300  standard  pages  of  the 
report  of  the  Committee,  automatically  and  otherwise  pressing  to  be 
published  in  the  Proceedings  of  the  Society.  To  this  is  to  be  added 
the  discussion  to  be  had  on  the  subject. 

This  subject  of  Valuations  is  one  in  which  I  have  had  some 
experience,  and  I  speak  as  the  result  of  that  experience,  and  of  study. 
Let  one  say  what  one  may,  in  the  final  analysis  a  valuation  is  a  matter 
of  opinion — if  one  pleases,  of  a  trained  judgment — not  of  computation. 
And  this  has  been  recognized  by  every  one  having  to  do  with  the  sub- 
ject, from  the  Supreme  Court  of  the  United  States,  down  to  the 
beginner  in  that  kind  of  work.  And  yet,  we  have  learned  discussions 
on  mere  twigs  of  branches  of  the  limbs  of  the  trunk  or  tree  of  com- 
puting any  one  kind  of  a  valuation  report,  whose  influence  upon  the 
proper  final  result  is  of  about  the  potency  of  the  famed  millionth  dilu- 
tion of  a  drug  in  the  pharmacopceia,  upon  the  human  system. 

Says  the  Supreme  Court  of  the  United  States,  in  speaking  of  the 
determination  of  the  fair  value  of  a  property  for  rate  making:  "And 
in  order  to  ascertain  that  value,  (1.)  the  original  cost  of  construc- 
tion, (2.)  the  amount  expended  in  permanent  improvements,  (3.)  the 
amount  and  market  value  of  its  bonds  and  stock,  (4.)  the  present  as 
compared  with  the  original  cost  of  construction,  (5.)  the  probable  earn- 
ing capacity  of  the  property  under  particular  rates  prescribed  by 
statute,  and  (6.)  the  sum  required  to  meet  operating  expenses,  are  all 
matters  for  consideration,  and  are  to  be  given  such  weight  as  may 
be  just  and  right  in  each  case."  And  yet  the  Court  adds  that  it  does 
not  say  "that  there  may  not  be  other  matters  to  be  regarded  in  esti- 
mating the  value  of  the  property". 

In  other  words,  the  Supreme  Court  has  said,  that  a  valuation  is 
not  a  matter  of  computation,  or  of  the  use  of  a  specially  created  jargon 
of  words,  or  of  the  striving  by  a  body  of  men  to  become  wise  from  the 
study  of  each  other's  books,  but  an  opinion,  based  on  giving  "such 
weight  as  may  be  just  and  right"  to  the  elements  that  may  be  adduced 
in  arguing  values  up  or  down. 

It  was  my  privilege  accidentally  to  be  present  in  the  Halls  of  Con- 
gress when  the  Act  under  which  the  country  is  now  paying  not  less 
than  50  millions  of  dollars  for  a  valuation  of  the  railroads  of  the 
United  States  was  passed,  and  if  there  was  any  argument  used  in 
favor  of  the  proposition,  other  than  that  of  an  expectancy  of  proving 
the  railroads  to  have  been  over-capitalized,  (which  has  so  far  not 
been  proven  with  respect  to  the  principal  railroads   of  the  country. 
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and  there  is  no  prospect  in  sight  that  this  ever  will  be  proven 
to  any  material  extent),  and  of  their  robbing  "the  people",  and 
that  they  must  therefore  be  throttled  and  rates  reduced,  I  did  not 
hear  it.  But  the  work  is  going  on,  and  is  in  some  state  of  forwardness. 
The  Act  calls  for  (1.)  the  original  cost  to  date,  (2.)  the  cost  of  repro- 
duction new  at  a  certain  date  (which  cost  will  presumably  not  be 
ascertained  until  some  10  years  after  that  date),  and  (3.)  the  cost  (at 
the  date  named)  of  reproduction  new,  less  depreciation;  all  of  this  for 
each  road,  and  also  chopped  oif  between  State  lines.  By  the  time 
this  has  been  completed,  if  it  ever  shall  be  completed,  it  must  all  be 
brought  up  to  the  then  date.  Should  this  require  say  5  years  more 
time,  then  there  would  have  to  be  a  renewed  bringing  up  to  date;  in 
fine,  it  is  not  unlikely  that  unless  abolished,  the  Division  of  Valuation 
of  the  Interstate  Commerce  Commission  may  find  itself  in  the  position 
of  the  asymptote  to  a  conic  section:  forever  approaching,  but  never 
attaining  finality. 

The  Commission  is  also  required  "to  ascertain  and  report  separately 
other  values,  and  elements  of  value,  if  any,  of  the  property  of  such 
common  carrier,  and  an  analysis  of  the  methods  of  valuation  employed, 
and  of  the  reasons  for  any  differences  between  any  such  values,  and 
each  of  the  foregoing  (three)  cost  values". 

This  sort  of  thing  has  been  going  on  now  (1916)  for  over  three 
years  and  here  is  the  picture  of  one  result  achieved : 

"Visible  Interest  of  the  Public  is  Negligible. 

"The  subject  matter  of  the  valuation  proceedings  involves  a  greater 
amount  of  property  than  has  ever  been  before  any  civil  tribunal  for 
consideration.  The  results  of  the  valuation  are  of  immediate  concern 
to  every  person  who  travels,  every  producer,  shipper,  and  consumer. 
Yet  the  visible  interest  of  the  public  is  negligible. 

"This  was  illustrated  in  the  first  conference  held  between  the 
Division  of  Valuation  and  the  representatives  of  the  public  and  the 
carriers,  at  which  any  definite  results  were  submitted  for  consideration. 
Physical  valuation  had  been  in  everyone's  mouth  for  years;  the  demand 
for  an  appraisal  by  federal  authority  had  become  so  strong  that  Con- 
gress was  compelled  to  recognize  and  concede  it;  three  years  had  been 
spent  in  organization  and  investigation,  at  a  cost  aggregating  several 
million  dollars  of  public  funds;  the  fundamental  questions  had  been 
keenly  and  publicly  debated  before  the  Commission;  and  finally  the 
Division  of  Valuation  was  submitting  the  result  of  its  investigations 
in  the  first  case  to  be  completed.  An  informal  conference  was  called, 
precedent  to  the  transmissal  of  the  work  of  the  Division  of  the  Com- 
mission with  its  recommendations.  The  carriers  were  represented  in 
full  force;  attorneys,  accountants,  engineers,  and  executives  crowded 
the  conference  so  that  it  was  difficult  for  those  at  the  outer  edge  of  the 
gathering  to  follow  the  proceedings.  Men  of  eminence  in  their  pro- 
fessions were  brought  across  the  continent  merely  to  sit,  look  and 
listen.     On  the  other  i:)art,  the  chief  engineer  and  his  assistant  from 
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the  interested  state  commission,  and  the  representative  of  the  Valua- 
tion Committee  of  the  National  Association  of  Kailway  Commis- 
sioners, comprised  the  sole  representation  from  the  public  standpoint. 
Neither  this  conference  nor  any  of  the  series  which  followed  it  were 
noticed  in  the  news  columns  of  the  daily  press  to  the  extent  of  a 
single  syllable." 

No  wonder  the  writer,  a  former  railroad  Commissioner  (I  am 
another,  come  to  think  of  it),  closes  his  article  by  saying: 

"Whether  the  federal  appraisal  will  prove  to  be  a  public  benefit  or 
a  public  calamity  remains  to  be  seen.     *     *     * 

"The  public  indifference  to  the  work,  and  the  possible  general  mis- 
understanding of  the  results  and  their  misapplication  to  purposes  never 
contemplated,  threaten  grave  public  danger." 

Yet  are  pounds  of  literature  issued  and  being  issued  by  the  Division 
of  Valuation,  Interstate  Commerce  Commission,  and  by  its  victim, 
upon  which  it  has  been  turned  loose  by  the  Congress  of  the  Nation, — 
the  "Presidents'  Conference  Committee",  representing  most  of  the  rail- 
roads of  the  United  States;  and  the  end  is  not  in  sight. 

More  than  this:  it  will  be  observed  that  the  work  of  the  Commis- 
sion extends  deeply  into  the  past,  like  all  of  this  valuation  work  of  the 
day,  (even  to  the  extent  of  making  wash-borings  through  old  embank- 
ments over  marsh  areas,  to  find  the  location  of  the  bottom  they  stand 
on);  is  greatly  concerned  about  the  present;  but  cares  little  for  the 
future.  Yet  what  man  so  stupid  that  when  he  buys  anything,  will 
not  chiefly  concern  himself  with  its  future  usefulness;  or  future  earn- 
ing capacity? 

And  going  further,  is  there  any  one  who  will  argue  that  the 
future  also  may  be  made  in  an  overruling  manner  the  subject  of 
schedules,  of  depreciation  theories,  bookkeeping,  and  of  arithmetical 
•  computations  ? 

Canada  has  taken  up  the  task  of  valuing  its  railroads  incidental  to 
a  government  enquiry  on  a  kindred  subject,  and  the  matter  has  been 
placed  in  the  hands  of  our  fellow  member,  George  F.  Swain,  Past- 
President  of  the  Society.  If  I  am  correctly  informed,  a  time  limit  of 
some  6  months  or  less  has  been  set  for  making  this  valuation,  and  who 
will  argue,  that  on  a  matter  of  trained  judgment  or  opinion  like  this, 
6  months  time  of  an  able  examiner  may  not  produce  as  reliable  and 
valuable  results  as  legal  processes,  and  a  time  reaching  into  the  never, 
never  future,  as  in  the  case  of  the  Interstate  Commerce  Commission 
valuation,  and  as  above  explained? 

Now  into  such  an  examination,  wrangle,  and  contest,  not  to  men- 
tion shelf  loads  of  bound  volumes,  similar  reports  from  similar  Com- 
mittees of  other  Societies,  and  cart  loads  of  technical  press  articles  on 
the  same  subject,  our  Special  Committee  proposes  to  inject  its  report; 
and  also  into  our  Transactions,  and  following  the  usual  understanding, 
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this  Report  is  to  pose  as  the  consensus  of  opinion  of  the  American 
Society  of  Civil  Engineers  on  the  subject  matter.  It  is  not  to  be  sup- 
posed for  an  instant  that  our  members  in  general  will  agree  to  the 
definitions  or  arguments  presented,  or  that  another  Special  Committee 
appointed  on  the  same  subject,  would  present  the  same  or  necessarily 
even  the  same  kind  of  a  report.  Wherefore,  it  should  by  rights  be 
called  the  report  of  a  Special  Committee,  rather  than  that  of  the 
Special  Committee  of  the  Society;  and  it  should  be  made  plain  to 
everybody  that  agreement  and  the  settlement  of  principles  on  such  a 
subject  is  not  to  be  expected  in  our  Society,  or  out  of  it.  Least  of  all 
by  those  directly  concerned.  Is  it  to  be  expected  that  the  Interstate 
Commerce  Commission  will,  to  any  material  extent,  look  to  the  report 
here  referred  to,  as  establishing  principles  on  such  a  subject?*  Or 
must  not  rather  all  evaluators  hereafter  be  guided  by  the  authority  of 
that  great  official  exemplar  on  this  subject?  Will  the  valuation  of  the 
railroads  of  Canada  be  affected  by  it?  What  is  supposed  to  be  the  use 
of  such  a  report? 

It  contains,  to  be  sure,  the  potency  of  much  work  by  means  of  argu- 
ment; indoor  work,  consisting  of  rhetoric,  bookkeeping,  philosophy, 
and  the  flow  of  the  dictaphone  or  typewriter,  for  engineers  and  others, 
but  does  it  inure  to  the  benefit  of  the  art  of  engineering;  to  the 
"advancement  of  engineering  knowledge  and  practice,  and  the  main- 
tenance of  a  high  professional  standard  among  engineers",  in  the  lan- 
guage of  our  Constitution? 

Is  civil  engineering  now,  and  is  it  further  to  develop  as  a  con- 
structive art;  or  is  it  to  be  a  compound  of  politics,  political  economy, 
generally  tinged  with  socialism,  and  the  work  of  the  chartered 
accountant,  overlain  by  that  of  the  wrangling  lawyer;  all  of  which  ie, 
by  comparison,  only  as  parasites  on  the  body  politic? 

The  way  the  Society  values  reports  on  such  a  subject  as  this  of  • 
valuations,  will  go  far  to  give  the  answer  to  the  question  just  stated. 
For  my  own  part,  I  will  submit  that  the  Report  before  us  should  not 
go  into  the  Transactions  of  the  Society. 

It  may  perhaps  be  said  that  this  is  a  decision  to  be  taken  by  the 
Society  or  by  the  Board  of  Direction,  through  its  Committee  on  Pub- 
lications, rather  than  by  the  Committee  of  which  you  are  Chairman, 
but  I  am  saying  this  here  for  the  sake  of  writing  one  letter  instead 
of  two. 

The  Special  Committee  on  Valuations  has  done  long,  proficient, 
and  diligent  work,  but,  in  my  opinion,  this  has  been  done  in  an 
unworthy  cause;  unworthy  of  its  individual  members,  of  the  Society, 
and  of  the  Profession  whose   fair  name  and  purpose  we   should  all 

*  Electrical  World  of  Nov.  18,  1916,  p.  1021,  has  this  to  say:  "Recommendations 
will  be  submitted  by  the  Interstate  Commission  to  Congress  when  it  reconvenes  which 
will  outline  for  the  guidance  of  state  regulatory  bodies  the  manner  in  which  they 
should  ascertain  the  fair  valuation  of  utility  companies." 
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cherish;  which  the  Special  Committee  should  cherish  above  that  even 
of  pride  in  their  immediate  and  especial  work. 

I  learn  that  the  cost  to  the  Society  of  the  Special  Committee  on 
Valuation,  mainly  for  expenses  of  the  Committee  and  printing,  now  in 
sight,  will  amount  to  about  $6  000,  and  I  greatly  mistake  the  temper 
of  our  membership  should  I  suppose  them  as  thinking  that  that 
amount  of  money  or  anything  like  it,  will  have  been  well  spent,  for 
work  such  as  this, — only,  still  another  contribution  to  the  discussion 
of  a  forever  debatable  subject,  which  comes  barely  within  the  domain 
of  what  may  be  called  civil  engineering. 

I  have  discussed  the  work  of  this  one  Special  Committee  as  an 
illustration  to  my  argument  for  greater  care  and  discrimination  in  the 
appointment  of  all  such  committees,  and  as  a  motion  for  the  con- 
sideration of  the  question  whether  this  Eeport  should  issue  in  the 
Transactions  of  the  Society,  under  the  seal  and  commendation,  tacit 
or  expressed,  of  the  American  Society  of  Civil  Engineers. 

Clemens  Herschel, 

Member,  ex  officio,  of  the 
Committee  on  Special  Committees. 

New  York,  N.  Y., 

Nov.  24,  1916. 

Telegram  from  the  Presidents  of  the 

National  Engineering  Societies 

And  the  United  Engineering  Society 

To  the  President  of  the  United  States 

The  following  telegram  from  the  Presidents  of  the  National  Engi- 
neering Societies  and  of  the  United  Engineering  Society  was  sent  to 
the  President  of  the  United  States  on  February  6th,  1917: 

"To  THE  President,  Executive  Mansion,  Washington,  D.  C. 

"We,  the  Presidents  of  the  National  Societies  of  Civil,  Mining, 
Mechanical,  and  Electrical  Engineers,  and  of  t^e  United  Engineering 
Society,  with  a  membership  of  thirty  thousand,  cordially  unite  in  sup- 
porting Congress  and  the  administration  in  the  stand  for  freedom  and 
safety  on  the  seas,  and  we  are  confident  that  we  represent  the  member- 
ship of  the  four  societies  in  offering  to  assist  toward  the  organization  of 
engineers  for  service  to  our  Country  in  case  of  War. 

"George  H.  Pegram,  President, 

American  Society  of  Civil  Engineers, 
"L.  D.  RiCKETTS,  President, 

American  Institute  of  Mining  Engineers, 
"Ira  N.  Hollis,  President, 

American  Society  of  Mechanical  Engineers, 
"H.  W.  Buck,  President, 

American  Institute  of  Electrical  Engineers, 
"Chas.  F.  Rand,  President, 

United  Engineering  Society." 
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Technical  and  Non=TechnicaI  Committees 

Of  the  Colorado  Association  of 

Members  of  the  American  Society  of  Civil  Engineers 

At  the  meeting  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  on  December  9th,  1916,  a  plan 
was  presented  for  establishing  certain  committees  through  which 
technical  and  non-technical  matters  might  receive  closer  attention 
by  the  Association. 

It  was  planned  to  appoint  a  number  of  technical  committees  which 
would  review  the  papers  published  in  the  Proceedings  and  submit 
abstracts  thereof  before  the  regular  meetings  of  the  Association.  The 
designations  of  these  committees  are  to  accord  with  a  classification 
of  engineering  subjects,  and  the  duty  of  each  is  to  review  and  abstract 
the  papers  within  the  scope  of  its  subject  or  sub-divisions  thereof.  In 
conformity  with  this  idea,  committees  on  the  following  general  sub- 
jects have  been  named :  Concrete,  Conservation,  Dams,  Foundations, 
Irrigation,  Municipal,  Power,  Kailroads,  Roads  and  Highways,  Struc- 
tural, Surveying,  and  Valuation. 

Each  committee  consists  of  a  chairman  and  two  members.  The 
chairman  of  each  committee  will  examine  each  issue  of  Proceedings, 
and  assign  to  himself  or  some  member  of  his  committee  the  duty  of 
reviewing  the  paper  and  preparing  a  brief  abstract  of  it  for  presenta- 
tion. The  committees  are  not  to  be  confined  to  the  Proceedings  as  a 
source  of  technical  data  for  presentation,  but  may  obtain  such  data 
from  any  other  source.  Matters  which  may  be  presented  to  the  Asso- 
ciation for  discussion  at  any  time  may  be  referred  to  the  Committee 
on  that  subject  for  investigation  and  report. 

When  a  committee  or  a  member  thereof  has  prepared  an  abstract 
of  a  paper,  or  has  a  report  of  any  nature  ready  for  presentation,  he 
shall  notify  the  Secretary  of  the  Association,  who,  after  conference 
with  the  Executive  Committee,  will  assign  the  meeting  at  which  the 
information  may  be  presented.  It  is  not  intended  that  every  meeting 
be  devoted  to  the  discTission  of  technical  subjects,  but  that  probably 
alternate  meetings  will  be  given  over  to  such  discussions,  and  several 
subjects  may  be  assigned  to  one  meeting,  the  intervening  meetings 
being  for  addresses  and  other  business  as  heretofore. 

Non-technical  committees  are  to  be  appointed  in  order  that  certain 
affairs  of  the  Association  may  have  more  detailed  attention  and  expert 
advice.  Publicity,  Co-operation,  and  Legislative  Committees  have  been 
suggested,  and  others  are  needed  but  cannot  be  appointed  at  present 
because  of  the  fact  that  the  parent  Society  has  under  discussion  matters 
pertaining  to  their  duties. 

At  each  regular  meeting  of  the  Association  the  President  will 
appoint  three  members  to  act  with  the  Executive  Committee  in  pre- 
paring for  the  succeeding  meeting.  Committees  to  provide  entertain- 
ment for  any  special  meetings  may  be  appointed  at  any  time. 
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The  Alfred  Noble  Memorial* 

At  the  meeting  of  the  Board  of  Direction  of  this  Society,  held  on 
June  2d,  1914,  a  tribute  by  the  Engineering  Profession  to  the  life  and 
memory  of  Alfred  Noble,  Past-President,  Am.  Soc.  C.  E.,  was  unani- 
mously adopted  and  spread  upon  the  minutes.  The  Board,  at  the  same 
time,  thought  it  proper  and  desirable  to  recognize  the  worth  of  the 
man  in  a  more  substantial  way  by  erecting  a  memorial  to  him.  This 
was  first  brought  to  the  attention  of  the  members  of  the  Society  by  the 
Secretary's  circular  dated  July  1st,  1914. 

It  was  decided  that,  as  Alfred  Noble's  professional  practice  had  been 
National  in  character,  and  as  he  had  been  an  adviser  of  the  President 
and  other  officials  of  the  Government,  and  had  been  consulted  on  some 
of  the  most "  important  engineering  work  of  the  country,  the  Capital 
of  the  Nation  was  the  proper  location  for  such  a  memorial.  The 
Board  set  aside  $1  000  as  a  first  subscription  toward  the  necessary 
funds,  and  appointed  the  following  committee,  with  power  to  carry 
out  the  project: 

Onward  Bates,  Chairman,  Chicago,  111. 

Egbert  Moore,  St.  Louis,  'Mo. 

Samuel  Re  a,  Philadelphia,  Pa. 

Samuel  H.  Hedges,  Seattle,  Wash. 

F.  H.  Newell,  Washington,  D.  C. 

W.  W.  Harts,  Washington,  D.  C. 

Charles  Warren  Hunt,  Secretary,  New  York  City. 

As  more  than  two  and  a  half  years  have  elapsed  since  the  appoint- 
ment of  the  Committee  and  no  definite  report  has  been  possible,  it  is 
believed  that  a  general  statemeiit  of  what  has  been  accomplished  to 
date  would  be  of  interest.  This  is  in  no  sense  a  report  of  the  Com- 
mittee. 

Following  the  procedure  in  such  cases,  as  recommended  by  the 
National  Commission  of  Fine  Arts,  the  Committee  first  engaged  a 
competent  architect  to  advise  as  to  the  best  site  for  the  memorial  in 
the  City  of  Washington,  and  the  best  memorial  treatment  of  that  site. 

The  architect  selected  was  Mr.  Glenn  Brown,  of  Washington,  and, 
after  a  study  of  the  problem,  he  advised  the  selection  of  Rawlins  Park, 
adjoining  the  building  of  the  Department  of  the  Interior  on  the  south, 
as  a  suitable  site  for  a  memorial  to  an  eminent  engineer,  as  that 
department  contains  several  of  the  important  engineering  branches 
of  the  Government.  He  recommended,  further,  that  the  important 
streets  interrupted  by  the  Park  and  the  Interior  Department  Building 
should  be  recognized  in  placing  the  memorial  and  in  the  planting  and 
the  walks  of  the  park.    Therefore  he  advised  carrying  the  line  of  New 

*  statement  made  by  Charles  Warren  Hunt  at  the  Meeting  oT  the  Society,  Feb- 
ruary   7th,    1917. 
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York  Avenue  through  the  park,  not  as  a  street,  but  as  an  open  view, 
with  trees  planted  far  enoiicrh  apart  to  prevent  the  obstruction  of  this 
view  in  the  future,  and  with  the  grass,  plants,  and  walks  on  this  axis 
connecting  the  park  with  the  system  of  city  streets  and  also  giving  the 
most  direct  line  for  foot  traffic. 

He  also  proposed  to  connect  the  design  with  the  Departmental  Build- 
ing by  confining  the  center  of  the  park,  leading  up  to  the  memorial, 
to  low,  rather  formal  planting,  following  the  lines  of  the  central 
portion  of  the  building,  thus  giving  an  open  view  by  their  future 
growth.     An  almost  complete  planting  of  the  park  is  recommended. 

Mr.  Brown  advised  that  the  character  of  the  memorial  take  the 
form  of  a  fountain,  with  large-scale  architectural  features  and  forceful 
symbolic  figures. 

On  receipt  of  this  report  the  Committee  held  a  meeting  in  Wash- 
ington, and,  after  inspecting  the  site  recommended,  accepted  it.  Before 
formal  adoption  of  these  recommendations  by  the  Committee,  the 
National  Commission  of  Fine  Arts  had,  as  a  matter  of  courtesy, 
reviewed  the  recommendations  of  the  expert  adviser,  as  to  the  location 
and  general  scheme,  and  found  them  acceptable  as  promising  the  best 
artistic  results. 

The  selection  of  a  sculptor  was  then  considered.  The  Committee 
inspected  photographs  of  the  works  of  many  sculptors,  and  some 
executed  works.  Mr.  Paul  Bartlett  was  selected,  and  the  commission 
was  offered  to  him.  He  accepted,  and  chose  as  his  architectural  col- 
laborators Messrs.  Glenn  Brown  and  Bedford  Brown. 

The  sculptor  and  the  architects  at  once  commenced  their  study  of 
the  design  for  the  fountain  and  the  treatment  of  the  park. 

In  describing  the  result  of  their  efforts,  they  say : 

"The  center  of  the  square,  after  thorough  study,  was  considered 
the  best  location.  The  planting  suggested  for  the  memorial  shows  an 
open  court  facing  the  central  portion  of  the  new  Interior  Department 
Building,  giving  the  most  imposing  view  from  this  point,  and  binding 
it  in  with  this  Department  in  which  the  principal  engineering  branches 
of  the  Government  are  housed.  The  diagonal  lines  direct  for  traffic 
are  kept  open,  giving  a  diagonal  view  of  the  memorial,  the  second 
most  imposing  view.  The  oblong  character  of  the  fountain  was 
adopted  because  it  seemed  to  fit  most  logically  with  the  form  of  the 
square.  It  was  determined  that  it  should  be  made  low  and  massive 
as  befitting  the  solidity  and  permanence  of  engineering  work.  After 
studying  and  discarding  many  compositions  based  on  the  above  ideas, 
the  models  shown  here  have  been  selected  as  combining  best  the 
features  desired — a  fountain  befitting  the  site,  and  a  memorial  to  ah 
eminent  engineer,  symbolizing  by  its  form  and  sculpture  the  character 
of  the  man  and  his  life. 

"The  dominant  architectural  element  is  the  large  elliptical  bowl, 
set  on  a  solid  base  and  flanked  by  the  dominant  sculptural  element, 
two  strong  seated  figures.     The  memorial  will  rise  from  a  large  basin 
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of  water,  37  feet  wide  and  63  feet  long,  surrounded  by  a  wide  stone 
coping,  indicating  the  form  of  the  composition,  making  it  a  part  of 
the  memorial,  and  for  this  reason  dominating  the  water  surface." 

The  sculptural  figures  are  intended  to  show  the  strong  elements, 
in  Alfred  Noble's  character — thought  in  preparation,  force  in  exe- 
cution. Each  figure  will  hold  a  scroll  on  which  will  be  carved  an 
example  of  the  work  by  which  Alfred  ISToble  is  so  well  known.  On  the 
coping  beneath  the  figures  there  will  be  descriptive  lettering.  Directly 
below  the  name  on  the  base  there  will  be  a  large  cartouche  on  which 
there  will  be  a  relief  portrait. 

The  display  as  a  fountain  will  be  imposing  and  attractive.  The 
water  will  rise  in  a  large  mass,  falling  into  and  overflowing  from  the 
small  bowl  into  the  large  oval  one.  From  the  latter  it  will  fall  into 
the  great  basin  at  the  ground  level.  Water  jets  will  flow  into  the  large 
basin  from  the  dolphins  on  the  base. 

The  memorial  will  be  of  green  granite,  for  both  the  sculptural  and 
architectural  features,  harmony  in  color  being  secured  by  different 
methods  of  tooling. 

The  memorial  as  planned  will  cost  $45  000.  The  United  States 
Government,  at  its  own  expense,  has  undertaken  the  development  of 
the  park.  It  is  believed  that  the  design,  when  executed,  will  be  dig- 
nified and  beautiful,  and  an  object  of  pride  to  the  Profession.  It 
has  met  with  the  approval  of  the  National  Fine  Arts  Commission, 
under  whose  jurisdiction  the  decision  as  to  the  artistic  character 
of  memorials  in  the  City  of  Washington  has  been  placed  by  law,  which 
also  insures  a  work  of  art  of  the  first  order. 

On  May  8th,  1916,  through  the  efforts  of  the  Committee,  Congress 
granted  permission  for  the  erection  of  this  memorial  by  the  Society, 
provided  the  work  be  done  within  three  years. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

March  7th,  1917.— 8.30  P.  M.— A  regular  business  meeting  will  be 
held,  and  a  paper  by  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E.,  entitled 
"Unusual  Coffer-Dam  for  1000-Foot  Pier,  New  York  City",  will 
be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

March  21st,  1917.— 8.30  P.  M.— At  this  meeting  a  paper  by  F.  W. 
Scheidenhelm,  M.  Am.  Soc.  C.  E.,  entitled  "The  Reconstruction  of 
the  Stony  River  Dam",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

\  .  SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

Li  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 
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The  foregroing  notice,  with  the  exception  of  the  last  paragraph,  is 
reproduced  from  the  1916  Year  Book. 

Since  October  1st,  191fi,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers,  and 
become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  39  West  39th  Street, 
New  York  City. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
lor  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS 
San  Francisco  Association,  Organized  1905. 

President,  J.  D.  Galloway;  Secretary-Treasurer,  E.  T.  Thurston, 
57  Post  Street,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.    The  former  are  held  at  6  p.  M.,  at  the 
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Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

December  19th,  1916. — The  Twelfth  Annual  Meeting  was  called 
to  order  at  the  Palace  Hotel;  President  Haehl  in  the  chair;  E.  T. 
Thurston,  Secretary ;  and  present,  also,  88  members  and  guests. 

The  Secretary  read  a  communication  from  Mr.  Luther  Wagoner, 
now  Chief  Engineer  for  the  sewer  and  paving  contracts  of  Havana, 
Cuba,  referring  to  some  features  of  his  present  environment,  and 
presenting  to  the  Association  a  large  photograph  of  a  typical  Cuban 
tobacco  plantation  at  San  Cristobal.  The  Secretary  offered  a  brief 
history  of  the  Havana  contracts. 

The  Secretary  was  directed  to  have  the  photograph  framed,  and 
presented  to  the  Engineers'  Club,  with  the  compliments  of  the 
Association. 

A  communication  from  Mr.  Fred.  H.  Tibbetts,  suggesting  that 
the  Association  undertake  to  express  some  opinion  on  the  propriety 
of  contingent  engineering  fees,  was  read  and  referred  to  the  Board 
of  Directors  for  report  at  the  February  meeting. 

The  report  of  the  Secretary  showed  that  six  regular  meetings 
had  been  held  during  the  year,  at  which  the  average  attendance  had 
been  63,  and  that  there  had  been  one  special  meeting  for  the  purpose 
of  discussing  proposed  amendments  to  the  Constitution  of  the  parent 
Society,  attended  by  about  30  members.  There  had  also  been  a  dinner 
in  honor  of  Secretary  Charles  Warren  Hunt,  an  excursion  of  some  30 
members  on  June  22d  to  inspect  the  construction  of  the  Twin-Peaks 
Tunnel  and  Ocean  Esplanade  and  Sea  Wall,  San  Francisco,  and  an 
excursion  of  57  members  and  guests,  on  October  31st,  to  inspect  the 
construction  of  Calaveras  Dam  of  the  Spring  Valley  Water  Company. 
The  regular  weekly  luncheons  had  been  held  in  both  Oakland  and 
San  Francisco. 

The  total  additions  to  the  membership  of  the  Association  have  been 
17  and  the  losses  7,  leaving  a  total  membership  of  195.  Of  the  mem- 
bership of  the  Society  resident  within  the  district  surrounding  San 
Francisco  Bay,  the  Association  has  72%  of  the  Members,  50%  of  the 
Associate  Members,  75%  of  the  Associates,  and  28%_of  the  Juniors. 

The  year's  work  of  the  Association  has  been  distinguished  by  very 
active  committee  work  having  to  do  with  the  public  welfare  and  the 
general  good  of  the  Engineering  Profession. 

The  Treasurer's  report  showed  total  receipts  of  $952.11,  disburse- 
ments of  $853.09,  and  a  total  treasury  balance  of  $3  852.77. 

Mr.  Jerome  Newman,  for  the  Committee  on  Civil  Service,  reported 
progress. 
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Mr.  J.  D.  Galloway,  for  the  Committee  on  Military  Preparedness, 
reported  securing  the  co-operation  of  the  local  branch  of  the  Army 
and  an  offer  of  the  assistance  of  five  local  army  officers  in  conducting 
a  course  of  study  to  prepare  for  examinations  for  entrance  to  the 
Officers  Reserve  Corps. 

Professor  Charles  D.  Marx,  for  the  Committee  appointed  to  investi- 
gate and  report  on  the  removal  of  Mr.  Frickstad  from  a  Civil  Service 
position  in  Oakland,  reported  progress. 

Mr.  E.  T.  Thurston,  for  the  Committee  on  Building  Construction 
Safety  Orders,  reported  that  the  first  meeting  of  the  committee  was 
set  for  the  coming  week. 

The  Secretary  announced  that  the  proposed  amendments  to  the 
Constitution  of  the  Association,  consolidating  the  offices  of  Secretary 
and  Treasurer,  reducing  the  number  of  Directors  to  five,  and  changing 
the  date  of  the  Annual  Meeting  to  the  third  Tuesday  of  December, 
had  carried. 

The  following  officers  for  the  ensuing  year  were  elected:  President, 
J.  D.  Galloway;  Vice-Presdent,  H.  J.  Brunnier;  Secretary-Treasurer, 
E.  T.  Thurston. 

The  meeting  was  entertained  with  two  reels  of  moving  pictures. 

Messrs.  Hawley,  Clark,  and  Whitney  were  appointed  as  the  Enter- 
tainment Conunittee  for  the  February  Meeting. 

The  address  of  the  evening,  delivered  by  Mr.  J.  W.  Swarin,  con- 
sisted of  a  general  talk  on  the  personal  side  of  engineering  work,  espe- 
cially in  foreign  countries,  and  was  illustrated  with  lantern  slides. 

Adjourned. 

Colorado  Association,  Organized  1908. 

President,  Thomas  W.  Jaycox;  Secretary-Treasurer,  L.  R.  Hinman, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

December  9th,  1916.— The  meeting  was  called  to  order  at  the 
Denver  Athletic  Club;  President  Jaycox  in  the  chair;  L.  R.  Hinman, 
Secretary;  and  present,  also,  15  members  and  guests. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  Secretary  read  a  letter  from  Mr.  Roger  W.  Toll  stating  that 
he  had  resigned  from  the  American  Society  of  Civil  Engineers  and 
thereby  forfeited  his  membership  in  the  Colorado  Association.  The 
Secretary  was  instructed  to  inform  Mr.  Toll  of  the  regret  of  the 
Association  in  losing  him  as  a  member,  and  urge  him  still  to  attend 
the  meetings  and  luncheons. 
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The  Secretary  announced  a  deficit  of  $8  in  the  entertainment  fund 
at  the  close  of  the  year.  It  was  ordered  that  this  sum  be  transferred 
from  the  general  fund. 

The  President  placed  before  the  Association  a  plan  for  the  review 
of  papers  published  in  the  Proceedings,  by  placing  abstracts  of  these 
papers  before  the  regular  meetings  by  committees  appointed  to  accord 
with  a  classification  of  engineering  subjects,  each,  committee  to  review 
any  published  papers  within  the  scope  of  its  subject  or  subdivisions 
thereof.  The  President  was  authorized  to  make  a  classification  and 
appoint  committees,  each  to  consist  of  a  chairman  and  two  members, 
to  abstract  papers  published  in  the  Proceedings  and  present  such 
abstracts  at  meetings  designated  by  the  Executive  Committee. 

In  connection  with  non-technical  committees  which  would  also  be 
appointed,  the  President  raised  the  question  of  an  employment  bureau, 
in  connection  with  the  Association.  Pending  receipt  of  information 
from  a  committee  of  the  Parent  Society  now  investigating  this  subject, 
the  matter  was  dropped. 

The  Committee  appointed  to  confer  with  Governor  Gunter,  in  the 
matter  of  the  appointment  of  an  engineer  to  fill  the  vacancy  in  the 
membership  of  the  State  Public  Utilities  Commission,  reported 
progress. 

Adjourned. 

Atlanta  Association,  Organized  1912. 

President,  Paul  H.  Norcross;  Secretary-Treasurer,  Thomas  P. 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Eegular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  \g\4- 

President,  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Jolms  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

President,  W.  J.  Watson;  Secretary-Treasurer,  George  H.  Tinker, 
Hickox  Building,  Cleveland,  Ohio. 

(Abstract  of  Minutes  of  Meeting) 

January  6th,  1917. — The  meeting  was  called  to  order;  President 
Robert  Hoffmann  in  the  chair;  George  H.  Tinker,  Secretary;  and 
present,  also,  22  members. 

The  following  officers  were  elected  for  1917:  President,  W.  J. 
Watson;  Vice-President,  Harry  Fuller;  and  Secretary-Treasurer, 
George  H.  Tinker. 

The  report  of  the  Secretary-Treasurer  for  1916  was  read. 

Mr.  Robert  Hoffmann,  the  Retiring  President,  summarized  briefly 
the  activities  of  the  Association  during  the  past  year. 

Mr.  A.  J.  Himes  called  attention  to  the  reports  of  the  Special 
Committees  of  the  Society,  published  in  December,  1916,  Proceedings, 
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and   commended   the   work   which   the    Society    is   doing   through   its 
Special  Committees. 
Adjourned. 

Detroit  Association,  Organized  1916. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1916. 

President,  Onward  Bates;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

President,  W.  B.  Gregory;  Secretary,  Charles  W.  Okey,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

President,  Frank  T.  Darrow;  Secretary-Treasurer,  Homer  V. 
Knouse,  115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
welcomed.  The  place  of  meeting  may  be  ascertained  by  communicating 
with  the  Secretary. 

(Abstract  of  Minutes  of  Meetings) 

January  5th,  1917. — A  meeting  of  members  of  the  American 
Society  of  Civil  Engineers  was  held  at  Lincoln,  Nebr. ;  William  Grant, 
temporary  Chairman,  Clark  E.  Mickey,  temporary  Secretary,  and 
present,  also,  12  members. 

The  Secretary  read  communications  from  several  members  and 
also  a  letter  from  Chas.  Warren  Hunt,  Secretary  of  the  Society. 

The  question  of  the  establishment  of  the  Nebraska  Association  was 
discussed. 

Hon.  C.  W.  Bryan,  Mayor  of  Lincoln,  addressed  the  meeting  on 
the  Relation  of  the  Engineer  to  all  Public  Works  and  to  the  Public, 
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describing  the  public  park  system  of  Lincoln  and  welcoming  the  mem- 
bers to  the  city. 

At  the  conclusion  of  the  address  the  members  were  entertained  at 
lunch  by  the  Lincoln  members  at  the  Commercial  Club.  Following 
the  luncheon,  an  automobile  trip  was  made  to  Antelope  Park,  the 
Water  and  Light  Station,  the  University  of  Nebraska,  and  other  points 
of  interest. 

The  meeting  was  again  called  to  order  at  3.50  p.  m.,  with  7  addi- 
tional members  present. 

A  Constitution  was  adopted,  for  submission  to  the  Board  of  Direc- 
tion, and  a  committee  was  appointed  to  draft  by-laws. 

The  following  officers  were  elected:  President,  Frank  T.  Darrow; 
Senior  Vice-President,  Adna  Dobson;  Junior  Vice-President,  George 
L.  Campen;  Secretary-Treasurer,  Homer  V.  Knouse. 

The  following  Legislative  Committee  was  appointed:  William 
Grant,  Chairman,  John  L.  Hershey,  H.  H.  Tracy,  D.  D.  Price,  John 
A.  Bruce,  H.  A.  Holdrege,  and  R.  A.  Swartwout. 

The  meeting  adjourned  for  dinner. 

The  meeting  was  reconvened  at  8  p.  m.;  President  Darrow  in  the 
chair. 

Following  a  brief  address  by  the  President,  J.  C.  Wonders,  Esq., 
District  Engineer  of  the  Department  of  Public  Roads  of  the  Depart- 
ment of  Agriculture,  addressed  the  meeting  on  the  Federal  Aid  Law, 
and  explained  its  requirements  with  regard  to  existing  Nebraska  laws. 
He  called  attention  to  the  probable  need  of  additional  legislation  to 
make  the  Federal  appropriation  available,  and  urged  the  Association 
to  make  every  effort  to  further  the  passage  of  a  desirable  measure. 
The  Federal  Aid  Law  and  State  aid  in  building  roads  was  discussed. 

Mr.  Grant  suggested  the  desirability  of  having  a  paper  presented  at 
a  later  meeting  of  the  Association  on  the  Alignment  of  Highways  on 
topographic  rather  than  on  section  lines. 

Mr.  Bruce  called  attention  to  a  bill  to  be  presented  to  the  coming 
session  of  the  Nebraska  Legislature  regarding  sewerage  systems  in 
cities  of  less  than  25  000  population. 

Mr.  Bruce  also  stated  that  he  understood  that  a  Licence  Law  for 
Architects  would  be  presented  to  the  coming  session  of  the  Nebraska 
Legislature,  and  urged  action  by  the  Legislative  Committee  if  such 
a  bill  was  not  for  the  best  interests  of  engineers. 

The  Secretary  was  instructed  to  thank  L.  W.  Page,  M.  Am.  Soc. 
C.  E.,  Director  of  the  Office  of  Public  Roads,  for  his  courtesy  in  arrang- 
ing for  Mr.  Wonders'  address. 

By-laws  were  adopted. 

The  President  announced  the  appointment  of  a  Membership  Com- 
mittee consisting  of  Messrs.  George  T.  Prince,  Homer  V.  Knouse, 
W.  S.  Wills,  and  A.  Dobson. 

The  President  appointed  Messrs.  William  Grant  and  C.  E.  Mickey 
as  a  committee  to  make  arrangements  for  the  next  meeting,  the  sub- 
ject to  be  discussed  being  the  location  of  highways  on  section  lines  or 
according  to  topographic  conditions. 

The  President  appointed  a  Publicity  Committee  consisting  of 
Messrs.  George  L.  Campen  and  D.  D.  Price. 

Adjourned. 
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Northwestern  Association,  Organized  1914. 

Presidont,  Georpre  L.  Wilson;  Secretary,  Ralph  D.  Thomas,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized  I9i3> 

President,  Samuel  T.  Wagner;  Secretary,  C.  W.  Thorn,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  ref2:ular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson ;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

President,  W.  J.  Gough;  Secretary-Treasurer,  J.  R.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

President,  Joseph  Jacobs;  Secretary-Treasurer,  Carl  H.  Reeves,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

(Abstract  of  Minutes  of  Meetings) 

December  i8th,  1916. — The  meeting  was  called  to  order  at  12.15 
p.  M.,  at  the  Arctic  Club;  President  Powell  in  the  chair;  Carl  H. 
Reeves,  Secretary;  and  present,  also,  15  members. 

The  minutes  of  the  meeting  of  November  27th,  1916,  were  read 
and,  with  certain  corrections,  approved. 

Owing  to  the  fact  that,  at  the  time  of  the  election  of  Messrs.  Robert 
Howes  and  John  L.  Hall  as  councilors  in  the  Associated  Engineering 
Societies  of  Seattle,  their  terms  of  ofiice  had  not  been  designated,  it 
was  ordered  that  Mr.  Howe's  term  end  on  January  28th,  1917,  and 
Mr.  Hall's  term  on  January  28th,  1918. 

The  Legislative  Committee  reported  on  the  bill  proposed  to  regulate 
water  supply  and  sewage  disjwsal  within  the  State.  The  committee 
recommended  the  approval  of  the  bill  as  to  plan  and  scope.  After 
striking  out  the  reference  to  a  member  of  the  faculty  of  the  University 
of  Washington  as  the  sanitary  engineer  of  the  State  Board  of  Health, 
the  report  of  the  committee  was  adopted. 

The  Legislative  Committee  reported  on  the  matter  of  the  licensing 
of  engineers.      The  committee's  report  on  the  bill   for  the  licensing 
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of  land  surveyors  was  adopted.  The  Legislative  Committee  reported 
on  the  registration  bill  for  architects.  The  Committee  reported  that 
it  had  found  nothing  objectionable  in  the  bill,  but  believed  that  the 
word  "exclusively",  as  applied  to  architectural  practice,  might  lead 
to  unpleasant  complications.     The  report  was  adopted. 

The  President  was  requested  to  appoint  three  members  of  the  Asso- 
ciation to  arrange  for  the  Annual  Meeting  to  be  held  on  January 
29th,  1917. 

Adjourned. 

January  29th,  1917 — The  Annual  Meeting  was  called  to  order  at 
7  p.  M.,  at  the  Arctic  Club;  President  Powell  in  the  chair;  Carl  H. 
Reeves,  Secretary;  and  present,  also,  49  members  and  guests. 

The  Secretary-Treasurer  presented  his  report,  which  was  adopted. 
The  auditing  of  the  accounts  of  the  Secretary-Treasurer  was  waived. 

The  President  delivered  his  Annual  Address,  dealing  largely  with 
the  ethics  of  the  Profession. 

A  moving  picture  film  entitled  "King  of  the  Rails",  and  illustrating 
the  early  history  of  transportation  and  its  development,  up  to  the 
present  electrification  of  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way in  Montana,  was  presented  through  the  courtesy  of  the  General 
Electric  Company.  A  vote  of  thanks  was  extended  to  Mr.  J.  F.  Pinson, 
the  General  Electric  Company,  and  the  Chicago,  Milwaukee  and  St. 
Paul  Railway  Company. 

The  minutes  of  the  meeting  of  December  18th,  1916,  were  read 
and  approved. 

The  resignation  of  Mr.  H.  F.  Elynn,  who  had  removed  to  Phila- 
delphia, was  presented  and  accepted. 

The  Secretary  presented  a  letter  from  the  Associated  Engineering 
Societies  of  Seattle,  giving  notification  of  the  leasing  of  quarters  for 
library  and  committee  purposes,  and  of  an  arrangement  with  the 
Chamber  of  Commerce  for  the  use  of  its  auditorium  for  the  larger 
meetings. 

The  Secretary  presented  a  letter  from  the  Associated  Engineering 
Societies  of  Seattle  notifying  the  Association  of  the  action  of  that  body 
relative  to  the  Land  Surveyors  Licensing  Bill. 

A  note  of  greeting  from  Mr.  T.  W.  Jaycox,  President  of  the  Colo- 
rado Association,  was  read. 

An  amendment  to  the  By-laws  increasing  the  dues  from  $2  to  $3 
per  annum,  in  order  to  meet  the  increased  expenses  of  the  Association 
in  connection  with  its  affiliation  with  the  Associated  Engineering 
Societies  of  Seattle,  was  presented  and  will  be  voted  on  at  the  meeting 
of  February  26th,  1917. 

The  following  officers  for  the  ensuing  year  were  elected:  President, 
Joseph  Jacobs;  Vice-President,  F.  F.  Sinks;  Secretary-Treasurer,  Carl 
H.  Reeves. 

The  term  of  Mr.  Robert  Howes,  as  a  Councilor  from  this  Associa- 
tion to  the  Joint  Council  of  The  Associated  Engineering  Societies  of 
Seattle,  having  expired,  he  was  imanimously  re-elected  for  the  term 
of  two  years. 
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In  reference  to  the  second  Architects  Bill,  Mr.  Hussey  stated  that 
it  was  modeled  after  the  Illinois  Architects  Bill,  and  stated  some  of 
its  objectionable  features. 

Mr.  Downey  explained  the  bill,  now  before  the  Legislature,  to 
make  the  office  of  County  Engineer  appointive  by  Boards  of  County 
Commissioners,  instead  of  an  elective  office. 

It  was  ordered  that  The  Associated  Engineering  Societies  of 
Seattle  be  requested  to  appropriate  the  necessary  funds  to  represent 
the  Engineering  Profession  properly  before  the  present  Legislature, 
in  order  to  insure  the  passage  or  defeat  of  bills,  as  may  seem  best. 

The  subject  of  the  inter-relations  between  the  Parent  Society  and 
Local  Associations  was  discussed  informally. 

On  the  question  as  to  whether  the  regular  monthly  meetings  should 
be  held  at  noon  or  in  the  evening,  it  was  decided  to  take  an  informal 
vote  of  the  members  present  and  lay  the  result  before  the  Executive 
Committee  for  its  guidance.  The  informal  vote  showed  that  23  were 
in  favor  of  evening  meetings  and  10  in  favor  of  noon  meetings. 

It  was  ordered  that  the  Joint  Council  of  The  Associated  Engineering. 
Societies  of  Seattle  be  requested  to  appoint  three  persons  from  each 
of  the  signatory  bodies  making  up  the  Joint  Council  to  visit  Olympia, 
if  necessary,  and  press  such  matters  as  may  be  required  by  the  Pro- 
fession and  by  the  Joint  Council. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

President,  II.  Hawgood;  Secretary,  W.  K.  Barnard,  1105  Central 
Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  P.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914. 

President,  J.  C.  Kalston;  Secretary,  B.  J.  Garnett,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

January  sth,  191 7. — The  adjourned  Annual  Meeting  was  called 
to  order  at  12  M.,  at  the  University  Club;  President  E.  G.  Taber  in 
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the  chair;  B.  J.  Garnett,  Secretary;  and  present,  also,  members  and 
guests. 

The  report  of  the  Secretary  and  Treasurer,  the  latter  showing  a 
balance  of  $59.25,  was  read  and  accepted. 

The  following  officers  were  elected :  President,  J.  C.  Ealston ;  and 
Vice-President,  Peter  Mogensen. 
Adjourned. 

Texas  Association,  Organized  1913. 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witts,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

President,  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Kleinschmidt, 
306  Dooley  Building,  Salt  Lake  City,  Utah. 


MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Steel   Columns  and  Struts 

January  18th,  191 7. — The  meeting  was  called  to  order  at  11  a.  m., 
on  board  the  Municipal  Ferryboat  Brooklyn  on  the  Boat  Excursion 
of  the  Society.  Present,  Messrs.  James  H.  Edwards,  C.  W.  Hudson, 
Charles  F.  Loweth,  George  H.  Pegram,  and  Lewis  D.  Rights.  Dr. 
Olshausen  and  Professor  Nelson,  of  the  Bureau  of  Standards,  were  also 
present. 

Mr.  Pegram,  President  of  the  Society,  stated  that  he,  as  ex  officio 
member  of  all  special  committees,  did  not  feel  that  he  should  serve 
longer  as  Chairman  of  the  Committee.  He  had  presented  his  resig- 
nation, as  Chairman  of  the  Committee,  to  the  Board  of  Direction,  and 
was  authorized  to  appoint  a  new  chairman.  He  then  appointed  Mr. 
Lewis  D.  Rights  as  Chairman.  Mr.  C.  W.  Hudson  was  elected  to 
succeed  Mr.  Rights  as  Secretary. 

Dr.  Olshausen  reported  that  102  specimen  tests  had  been  made  from 
the  material  of  the  tested  columns.  The  specimens  tested  were  all 
taken  from  the  light  and  extra  heavy  material. 

On  motion,  duly  seconded,  Mr.  Rights  was  appointed  a  committee 
of  one  to  go  to  Washington  and  arrange  with  the  Director  of  the 
Bureau  of  Standards  a  programme  for  completing  tests  representing 
all  the  column  material. 

On  motion,  duly  seconded,  it  was  ordered  that,  for  the  purpose  of 
comparing  the  results  of  the  tests  of  the  specimen  with  the  results 
of  the  tests  for  the  full-sized  columns,  the  so-called  yield  point  be 
arbitrarily  fixed  at  the  unit  stress  having  a  tangent  modulus  of  one- 
half  the  amount  of  the  tangent  modulus  to  the  stress-strain  curve  near 
the  origin. 

The  meeting  adjourned  at  12.30  p.  M. 
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PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

Architekten=Verein  zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 
German^'. 

Associagao   dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 
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Engineers'    Society    of    Pennsylvania,    31    South    Front    Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,   The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 
S.  W.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands, 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland   Institute   of  Mining,   Civil   and   Mechanical   Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont.     • 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer    Ingenieur=    und    Architekten=Verein,    Eschen- 
bachgasse  9,  Vienna,  Austria. 

Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 

Pacific   Northwest   Society   of   Engineers,   312   Central  Building, 
Seattle.  Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer    Ingenieur=   und    Architekten=Verein,    Dresden,   Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
France. 

Society    of    Engineers,    17  Victoria   Street,   Westminster,    S.   W., 
London,  England. 

Svenska    Teknologforeningen,    Brunkebergstorg    18,    Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont    Society    of    Engineers,    George    A.    Reed,    Secretary, 
Montpelier,  Vt. 

Western    Society    of    Engineers,    1737    Monadnock    Block,    Chi- 
cago, m. 
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ACCESSIONS    TO    THE    LIBRARY 

(From  January  1st  to  February  6th,  1917) 

DONATIONS* 

STEEL  RAILWAY  BRIDGES: 

Designs  and  Weights.  By  Edward  C.  Dilworth,  Assoc.  M.  Am. 
Soc.  C.  E.  Colth,  9^  X  12|  in.,  illus.,  8  +  185  pp.  New  York,  D. 
Van  Nostrand,  1916.     (Donated  by  the  Author.)     $4.00. 

This  volume  was  written,  the  preface  states,  to  supply  practical  data  for  the- 
design  and  weight  of  steel  for  railway  bridges.  Weight  curves  have  been  plotted  for 
all  types  of  bridges,  except  arch,  cantilever,  and  suspension,  using  the  specifications 
for  railway  bridges  of  the  American  Railway  Engineering  Association  of  1912  and 
Cooper's  Standard  loadings,  E  40,  B  50,  and  E  60.  Stress  sheets  also  can  be  used  by 
the  designing  engineer  as  a  reference  in  determining  the  size,  make-up  of  sections,  and 
general  features  of  design.  All  the  designs,  computations,  and  drawings  were  made 
especially  for  this  volume.  Many  points  of  the  general  design  and  details  are 
covered  by  the  specifications,  which  are  reprinted  by  permission.  It  is  believed  that 
this  book  will  be  in  the  nature  of  a  supplement  to  modern  textbooks  on  bridge 
design.  The  general  drawing  and  notes  for  drawbridge,  containing  many  interesting 
features,  were  prepared  from  data  furnished  by  C.  P.  Loweth,  M.  Am.  Soc.  C.  B.  A 
partial  list  of  Contents  is  :  Designing  ;  Centrifugal  Force  ;  Draw  Spans  ;  Turntables  ; 
Detailing ;  Specifications  for  Railway  Bridges,  Am.  Ry.  Bng.  Assoc.  ;  Deck  Plate 
Girders  ;  Double-Track  Through  Plate  Girders  ;  Single-Track  and  Double-Track  Pony 
Riveted  Spans — Weight  Curves  ;  Single-Track  and  Double-Track  Through  Riveted 
Spans — Weight  Curves  ;  Single-Track  and  Double-Track  Viaducts — Weight  Curves  ; 
Turntables,   etc.,   etc. 

UNDERGROUND  TRANSMISSION  AND  DISTRIBUTION: 

For  Electric  Light  and  Power.  By  E.  B.  Meyer.  Cloth,  9^  x  6^  in., 
illus.,  8  +  312  pp.  New  York,  McGraw-Hill  Book  Company;  London, 
Hill  Publishing  Company,  1916.    $3.00. 

The  preface  states  that  the  aim  of  this  book  is  to  deal  with  the  construction  and 
operation  of  underground  systems  and  details  of  this  branch  of  central  station  work. 
It  does  not  include  such  data  as  can  be  obtained  from  handbooks  or  the  fundamentals 
of  electrical  theory,  The  subject-matter  is  treated  from  the  American  point  of  view. 
A  part  of  the  material  contained  in  this  volume  originally  appeared  in  the  various 
reports  of  the  National  Electric  Light  Association  Committee  on  Underground  Con- 
struction. The  Contents  are  :  Historical  ;  Preliminary  Survey ;  Conduits  and  Man- 
hole Construction  ;  Methods  of  Distribution  ;  Cables  ;  Installation  of  Cables  ;  Testing 
Cables;  Distribution  Systems  and  Auxiliary  Equipment;  Electrolysis;  Operation  and 
Maintenance  ;    Index. 

PRACTICAL  STREET  CONSTRUCTION: 

Planning  Streets  and  Designing  and  Constructing  the  Details  of 
Street  Surface,  Subsurface  and  Supersurface  Structures.  Reprinted 
from  a  Series  of  Articles  Which  Appeared  in  Municipal  Journal  During 
1916.  Cloth,  H  X  6  in.,  illus.,  8  +  248  pp.  New  York,  Municipal 
Journal  and  Engineer,  1916.     $2.00. 

The  preface  states  that  the  aim  of  this  book  has  been  to  take  up  the  discussion 
of  complex  modern  city  street  construction,  such  as  alignment,  grade  and  cross- 
section,  the  location  of  sewers  and  other  underground  constructions,  and  their  above- 
ground  appurtenances  such  as  manholes  and  fire  hydrants,  fire  alarm  boxes,  shade 
trees  and  street  signs,  and  a  score  of  other  features.  The  twenty-eight  chapters  herein 
contained  appeared  as  so  many  installments  in  the  Mumcvpal  Journal  during  1916, 
and  with  few  exceptions,  were  written  by  the  Editorial  Department.  A  partial  list 
of  Contents  is:  What  Streets  are  Used  For;  Planning  Street  Alignments;  Diagonal 
Thoroughfares;  Planning  Thoroughfares;  Street  Planning;  Street  Widths;  Minor 
Residence  Streets  ;  Local  and  Elastic  Streets  ;  Street  Cross-Section  ;  Motor  Trucks  and 
Street  Grades  ;  Planning  Grades  ;  Intersection  Grades  ;  Gutters  ;  Sidewalks  and  Side- 
walk Construction  ;  etc.,  etc.    • 

•Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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STANDARD  SPECIFICATIONS: 

Steel  for  Bridges,  Buildings,  Locomotives,  Cars,  and  Ships,  Boilers 
and  Rivets,  Concrete  Reinforcement,  Wheels  and  Gear  Blanks,  Axles 
and  Shafts.  Sixth  Edition.  Paper,  7|  x  5  in.,  illus.,  170  pp.  Pitts- 
burgh, Carnegie  Steel  Company,  1917. 

This  book  contains  the  specifications  adopted  by  the  Association  of  American 
Steel  Manufacturers ;  the  American  Society  for  Testing  Materials ;  Carnegie  Steel 
Company  ;  Master  Car  Builders'  Association  ;  American  Railway  Engineering  Associa- 
tion ;   and  the  American   Bridge  Company. 

POCKET  COMPANION  FOR  ENGINEERS,  ARCHITECTS.  AND  BUILDERS: 

Containing  Useful  Information  and  Tables  Appertaining  to  the  Use 
of  Steel  Manufactured  by  the  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
Nineteenth  Edition,  Revised.  Morocco,  7|  x  5  in.,  illus.,  440  pp. 
Pittsburgh,  Carnegie  Steel  Company.    $1.50. 

This  nineteenth  edition  contains  the  revised  data  of  the  sixteenth  edition.  The 
preface  states  that  since  1903,  the  date  of  the  fifteenth  edition,  there  have  been  many 
changes  in  the  art  of  bridge  and  building  construction  with  the  extension  of  the  use 
of  steel  into  other  lines  than  those  covered  by.  that  edition.  The  endeavor  in  the 
sixteenth  and  subsequent  issues  has  been  to  eliminate  obsolete  forms  of  construc- 
tion and  to  revise  the  forms  retained  from  the  fifteenth  edition  in  order  to  make 
them  conformable  to  present  standard  practice.  This  book  differs  from  the  sixteenth 
edition  in  the  addition  of  tables  of  standard  punching  in  flanges  of  beams  and 
channels  and  in  the  extension  of  the  tables  of  extreme  sizes  of  plates  to  include 
nickel  steel.  The  sizes  of  channels,  bulb  angles,  checkered  plates,  merchant  bars, 
etc.,  have  also  been  revised.  The  American  Society  for  Testing  Materials  Specifica- 
tions appear  in  the  forms  adopted  at  their  late.st  revision.  The  volume  contains 
illustrations  selected  from  a  large  number  of  rolled  shapes  in  profiles  and  tables 
most  suitable  for  use  in  bridge,  building,  locomotive,  car,  and  ship  construction. 


Gifts  have  also  been  received  from  the  following: 


Alaska-Board  of  Road  Commrs.     1  pam. 
Am.    Inst,   of   Elec.    Engrs.      2   bound   vol. 
Am.  Telephone  &  Telegraph  Co.     1  vol. 
Am.    Wood    Preservers'    Assoc. 


Illinois,   Univ.  of-Agri.  Exper.  Station.     3 

pam. 
Iowa-Auditor  of  State.     1  bound  vol. 
1    bound    Kansas-State  Board  of  Health.      1   bound 


vol 


Arizona-Corporation  Comm.  1 
Breithut,  Frederick  E.  2  pam. 
California-State    Board    of    Equalization. 

1  pam. 
California,   Univ.   of.      1   vol. 
Canada-Mines  Branch.     1  pam. 
Canada-Water  Power  Branch. 
Canadian  Northern  Ry.  System. 
Carnegie  Steel  Co.     1  pam. 
Case  School  of  Applied  Science. 


pam. 


1   pam. 
1  pam. 


1  vol. 


Colorado  School  of  Mines.     1  pam. 

Cornell  Univ.     1  pam. 

Dartmouth  Coll.     1  vol. 

Dist.  of  Columbia-Engr.  Dept.      1  pam. 

Dist.      of      Columbia-Health      Ofllcer.        1 

bound  vol. 
East  Indian  Ry.  Co.     1  pam. 
Eng.  Soc.  of  Wisconsin.     1  pam. 
Great  Indian  Peninsula  Ry.  Co.     1  pam. 
Hawaii-Board  of  Health.     1  pam. 
Hawaii-Governor.      1  pam. 
Hawaii-Public  Utilities  Comm.     4  pam. 
Hawaii-Supt.  of  Public  Works.     2  pam. 
Hawaii  College.     1  pam. 
Houston,   Tex. -Chamber  of  Commerce.      3 

pam. 
Idaho-State  Engr.     1  pam. 
Illinois-State  Geological  Survey.     1  bound 

vol.,  1  pam. 
Illinois-State  Min.  Board.     1  bound  vol. 
Illinois-State    Public    Utilities    Comm.      1 

pam. 


Kansas-Tax  Comm.     1  pam. 
Kansas,  University  of.     2  pam. 
Kluegel,  Charles  H.     1  pam. 
Mass.  Inst.  Tech.     1  vol.,  2  pam. 
Merchants'  Assoc,  of  New  York.      2  pam. 
Min.  Inst,  of  Scotland.     1  pam. 
Missouri,  Univ.  of.     3  pam. 
Montana-R.   R.  Comm.      1  bound  vol. 
Montana  Inst,  of  Municipal  Engrs.      1  pam. 
Moore,  J.  Hampton.     1  pam. 
National  Elec.  Light  Assoc.     5  bound  vol. 
Nevada-State  Insp.  of  Mines.     1  pam. 
New     Hampshire-State     Tax     Comm.       1 

bound    vol. 
New      Jersey-Board      of      Public      Utility 

Commrs.     1  pam. 
New    Jersey-Dept.     of    Conservation    and 

Development.     1  bound  vol. 
New  Mexico-State  Engr.     1  bound  vol. 
New  South  Wales-Water  Conservation  and 

Irrigation  Comm.     1  pam. 
New  York  City-Dept.  of  Docks  and  Ferries. 

1  bound  vol. 
New    York    State-Bronx    Parkway    Comm. 

1  pam. 
New     York     State-Civ.      Service     Comm., 

1  bound  vol. 
New    York    State-Public    Service    Comm., 

Second   Dist.      1    bound   vol.,    6   pam. 
Ohio-Auditor  of  State.      1  pam. 
Ohio-Geological    Survey.      1    bound   vol. 
Oregon-State  Forester.      1   pam. 
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Philippine     Islands-Weather    Bureau.       1 

pam. 
Portland  Cement  Assoc.     4  pam. 
Presidents'  Conference  Committee.     3  pam. 
Rand,  Charles  F.     1  bound  vol. 
Randolph,  Isham.     1  pam. 
Reichardt,   W.   F.      1  pam. 
Richardson,  Clifford.     2  pam. 
Root,  Joseph  E.     3  pam. 
Seattle,  Wash. -Lighting  Dept.     1  pam. 
South    Australia-Public    Works    Dept.      1 

vol. 
Tasmania-Geol.   Survey,  1  pam. 
Texas,    Agricultural    and    Mech.    Coll.    of. 

2  pam. 
Throop  Coll.  of  Technology.     1  pam. 
U.  S. -Bureau  of  Mines.     11  pam. 
U.  S. -Bureau  of  Standards.     1  vol.,  5  pam. 
U.  S. -Civil    Service   Comm.      1    bound   vol. 
U.  S. -Coast  and  Geodetic  Survey.     1  bound 

vol.,  1  pam. 
U.  S.-Commr.  of  Navigation.     1  pam. 
U.  S.-Dept.  of  Agriculture.     6  pam. 
U.  S.-Dept.   of  the  Interior.     2  pam. 
U.  S.-Engr.  Corps.     1  bound  vol. 
U.  S.-Engr.  Office,  Dallas,  Tex.       1    pam. 
U.  S.-Engr.  Office,  Jacksonville,  Fla.  1  pam. 
U.  S.-Engr.  Office,  New  Liondon,  Conn.        1 

pam. 
U.  S.-Engr.  Office,  New  York  City.    1  pam. 


U.  S.-Engr.  Office,  Pittsburgh,  Pa.       2  pam. 
U.  S.-Engr.  Office,   San   Francisco,   Cal.      1 

pam. 
U.  S.-Engr.  Office,  Savannah,  Ga.     1  pam. 
U.  S.-Engr.  Office,  Wheeling,  W.  Va.  2  pam. 
U.  S.-Engr.  Office,  Wilmington,  Del.   3  pam. 
U.  S.-Engr.  School.     1  pam. 
U.  S.-Geol.  Surv.     5  vol.,  27  pam. 
U.  S. -House   Committee  on   Naval   Affairs. 

1  pam. 
U.  S. -Interstate      Commerce       Comm.       1 

bound  vol. 
U.  S. -Library  of  Congress.    1  bound  vol.,  1 

pam. 
U.  S. -Naval  Observatory.     1  pam. 
U.  S.-Navy  Dept.       9  pam. 
U.  S.-Supt.    of    National    Parks.      1    pam. 
Universidad  de  la  Habana.     1  pam. 
Universidad     Nacional     de     la     Plata.       1 

pam. 
Victoria-State   Rivers    and    Water    Supply 

Comm.     1  pam. 
Western  Australia-Dept.  of  Mines.     1  pam. 
Western   Australia-Rys.   Commr.      1   pam. 
Wisconsin-State   Superv.   of   Inspectors  of 

Illuminating  Oils.      1  pam. 
Woolson,   Ira  H.       1  pam. 
Worcester  Polytechnic  Inst.      1   pam. 
Wyoming-State  Engr.     1  bound  vol. 
Wyoming-State  Geologist.     1  pam. 
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MEMBERSHIP 

(From  January  5th  to  February  8th,  1917) 

ADDITIONS 

MEMBEBS  Date  of 

Membership. 

Amiot,  Pierre  Edmond.     Dist.  Engr.,  Dept.  of  Public  Works 

of  Canada,  Chicoutimi,  Que.,   Canada Nov.  28,  1916 

Arend,  Albert  Cornelius.     Cons.  Engr.,  Bran-   i   Assoc.  M.  Feb.  2,  1909 

deis  Bldg.,  Omaha,  Nebr j   M.  Jan.  16,1917 

AVERY     CHARLES    DwiGHT^     ^^''\'''\-  ^^^f?'   )  Assoc.  M.  Jan.  2,   1912 

Gen.  Land  Ornce,  Dept.  of  the  Interior,   \.  ^^  ^  ,„    ,^,™ 

P.  O.  Box  336,  Cheyenne,  Wyo J  ^^  ''^''-  '''  '''' 

Banks,    John    Edwin.     Asst.    to    Div.    Mgr.,  S  Assoc.  M.  June  4,  1902 

Am.  Bridge  Co.,  Ambridge,  Pa j  M.  Jan.  16,  1917 

Brower,  John  Lafayette.     Mgr.,  Bridge  Dept.,  Canadian 

AUis-Chalmers,  Ltd.,  Toronto,  Ont.,  Canada Sept.  12,   1916 

Buck,  Fred.     P.  0.  Box  161,  Rockledge,  Fla Jan.  15,  1917 

Burke,    John    Ryan.     Engr.-Contr.,     78    Devonshire    St., 

Boston,    Mass Sept.  12,   1916 

^          ^            r.         ^          ».  ^      ■,-      \  Jun.  Mar.  1,   1904 

BURRAGE,  JOHN  Otis.     Cons.  Engr.,  24  Presidio    )  ^^^^^    ^^  ^^^  ^^  ^^^3 

Ave.,    San   Francisco,    Cal ^  ^^  ^^^  ^^^  ^^^^ 

Collins,  Charles  Dickey.     In  Chg.  of  Design  and  Draft- 
ing Dept.,  Aetna  Explosives  Co.,  20  West  84th  St., 

New  York   City Jan.  15 

Cunningham,   Max   Le:e.     State   Engr.,    State  )   Assoc.  M.  May  6 

Capitol,  Oklahoma,  Okla [  M.  Oct.  10 

Dixon,    George    Gale.     Civ.    Engr.,    Div.    of  )   Assoc.  M.  July  9 

Water,  102  East  Mill  St.,  Akron,  Ohio,    f  M.  Jan.  16 

Fleming,   Burton   Percivax.     Prof,   of   Steam  "^    .           ,r  t.^  no 

,   .^     ,     ,  ^     .      ,  n.,    ,     T.          r   Assoc.  M.  May  28 

Eng.,  and  Head  of  Dept.  of  Mech.  Eng.,   >  t  Ifi 

State  Univ.  of  Iowa,  Iowa  City,  Iowa.  .    )       ' 

,  ^        ,,         rr,           ,    )  Jun.  May  3 

Kahn,  Julius.     Pres.  and  Gen.  Mgr.,  Trussed   f    .           ,,  ^  x  o 

\^          X     ox     ,    ^       -.T           ^            /^,  •        >  Assoc.  M.  Oct.  3 
Concrete   Steel   Co.,   Youngstown,   Ohio.    I 

Moore,  Clifford  Bennett.     Cons.  Engr.,  Bor-   )    .           ,,  .  „, 

,       r    ^              T,           ,     TT  f,     T          f  Assoc.  M.  Aug.  31 

ough    of    Queens,    Borough    Hall,    Long   V  ^^^  ^g 

Island    City,    N.    Y )       " 

Pratt,  Henry  Blanch ard.     Asst.  Engr.,  J.  R.   )     .           ,,  t  i 

'                      „    ^        ^         -r      .      ,        I   Assoc.  M.  June  1 

Worcester   &   Co.;    Res.,    750   Lexington   V 

St.,  Waltham,  Mass ) 

QuiNLAN,    George    Austin.     Supt.    of    High-   '\              m  O  t  1 

ways,   Cook   County,   325   County   Court   v            '       '  _    "  .„ 

House,  Chicago,  HI ) 

Taylor,  William  Thomas.     Capt.,   R.   F.   C,   26   Harling 

St.,  Burnley,  Lancashire,  England Nov.  28,  1916 


1917 
1914 
1916 
1912 
1917 

1912 
1917 

1898 
1900 
1917 

1915 
1916 

1909 
1917 

1912 
1917 
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MEMBERS    {Continued) 

Tefft,   William   Wolcott.     In   Gen.    Chg.    of  > 
Economics    and    Reports    Dept.,    Fargo 
Eng.  Co.,  722  West  Main   St.,  Jackson,   f  T^^^'^' 
Mich j        • 

ToTTEN,   Robert  Lyle.     1603   Empire   Bldg.,   Birmingham, 

Ala Nov 


Date  of 
Membership. 


Mar.  31,  1908 
Jan.  2,  1912 
Oct.      10,   1916 


28,   1916 


associate  members 

Alderman,    Ernest    Samuel.     U.    S.    Junior  "\    ^ 

Tj-u  T-  TTOT^ifA-r  J""-  Oct.       3,  1911 

Highway    Engr.,    U.    S.    Dept.    of   Agri-   I 

1^          1-.     ^-L        T  C  Assoc.  M.     Jan.     15,   1917 

culture,   De  Ridder,   La J 

Ardery,  Edward  Dahl.     Capt.,  Corps  of  Engrs.,  U.  S.  A., 

39  Whitehall  St.,  New  York  City Jan.     15,   1917 

Armstrong,     Harry     Arthur.     Asst.     Engr.,  \ 

State  Reclamation  Board,    15   Parkview   (••,,,  ' 

,        ,         ,      „                i.      /^  1  C  Assoc.  M.     Jan.     15,   1917 

Apartments,  Sacramento,  Cal ) 

Armstrong,  Merwin.     Witli  R.  H.  &  G.  A.  Williams,  510 

Exchange   Bldg.,   Memphis,    Tenn Jan.     15,   1917 

Bartlett,    William    Andrews.     Res.     Engr.,   ^    , 

T,           ^        ^-To    -KT         X     .      ,  r   Jun.  Jan.     31,  1911 

Am.    Brass    Co.,    573    Naugatuck    Ave.,   I     .  ,,      -, 

^             ^                                  *  (     Assoc  M.     Jan.     15,  1917 

Devon,   Conn \ 

Benkert,  Harry  Newton.     Prof,  of  Civ.  Eng.,  Drexel  Inst., 

5901    Christian   St.,   Philadelphia,   Pa Nov.     28,   1916 

Bennett,  Charles  Roberts.     Dist.  Engr.,  Bureau  of  Public 

Works,  Manila,   Philippine   Islands Nov.     28,   1916 

Bonner,   John   Pollock.     Res.   Engr.,  C.  &  0.  Ry.,   Seth, 

W.   Va Jan.     15,  1917 

Bornefeld,     Charles     Fowxer.     Res.     Engr.,  ]   ^  ,,  „,     ,    , 

r.  X     ox    ,   T.        ^      T,  on    r,^x  /  J"n-  May  31,   1910 

Concrete  Steel  Eng.  Co.  Room  30,  City  l^  ,,  ^    •'  ,^'^,„ 

^^  „    ,,.  ,.      ,,.  C  Assoc.  M.  Jan.  15,   1917 

Hall,  Minneapolis,   Minn j 

Burns,  Howard  Edward.     Chf.   Engr.,   C.  F.  Massey  Co., 

840  Sunnyside  Ave.,  Chicago,   III Sept.    12,   1916 

Carpenter,  Harry  Kerbaugh.  Chf.  Engr.,  Concrete 
Steel  Bridge  Co.,  709  Union  Bank  Bldg.,  Clarks- 
burg,   W.    Va Jan.     15,  1917 

Clifford.     Walter     Woodbridge.     Structural  ^    ^  -kt  ^    , ^ 

TA  ,      T         r^^  T>  r«     /    J^^.  NoV.  8,     1909 

Engr.,   Densmore   &   Le   Clear:    Res.    52   l.  ^^r      ^  ,,    

TVTMx        A          TT  J     T,     .     TVf  C  Assoc.  M.     Jau.     15,   1917 

Milton  Ave.,  Hyde  Park,  Mass ) 

Colgan,    Robert    Joseph.     Asst.    Superv.,    P.  )   Jun.  Sept.      1,  1908 

R.  R.,  Y.  M.  C.  A.,  Room  508,  Erie,  Pa.    f  Assoc.  M.     Jan.     15,   1917 

Dakin,    Robert    Edward.     Asst.    Engr.,    The    \    ^ 

Connecticut   Co.,   330   Alden   Ave.,   New    v.      '      __      ^     *     ,„'„,_ 
^^            ^  C  Assoc.  M.     Jan.     15,  1917 

Haven,  Conn ) 

Danforth,  Richard  Stevens.     Mgr.,  Pacific  Coast  Branch, 

Kinney  Mfg.  Co.,  316  Rialto  Bldg.,  San  Francisco,  Cal.     Jan.     15,  1917 


Jun.  June      6,  1911 

Assoc.  M.     Jan.     15,  1917 


158  MEMBEESHIP — ADDITIONS  [Society  Affairs. 

ASSOCIATE  MEMBERS    ( Continued )  Date  of 

Membership. 
DiNGMAN,  Charles  Francis.     In  Chg.,  Eng.  Dept.,  Flynt 

Bldg.  &  Constr.  Co.,  15  Grove  St.,  Palmer,  Mass....      Nov.    28,  1916 
Donnelly,  Albert  Lee.     Asst.  Engr.,  The  Connecticut  Co., 

Box  50,  New  Haven,  Conn Jan.     15,  1917 

Eberly,  Virgil  Allen.     Engr.  Draftsman  and 

Computer  with  War  Dept.,  Office  of  Key 

Bridge,    2728    Pennsylvania    Ave.    (Res.,    )^ 

1014  Douglas   St.,   N.  E.),   Washington, 

D.    C 

EcKERT,  Otto  Elis.  Asst.  City  Engr.,  1229  South  Wash- 
ington  Ave.,    Saginaw,   Mich Oct.      10,   1916 

Elder,  James  Harby.     Engr.  in  Chg.  of  Squad,  Am.  Bridge 

Co.,   716   Parkroad,   Ambridge,   Pa Oct.      10,   1916 

Gale,  Leland  Isaac.     6053  Chabot  Rd.,  Oakland,  Cal .  .  .  .      Jan.     15,   1917 

Gebhardt,  John  Frederick  William.     Estudio  "^  ^                    _,  ,  -  ir.io 

/  Jun.               Feb.  4,  1913 

Tecnico    Norrone,    Casilla    Correo    334,    v  .  ,,      „  r,o  ,«■■/, 

f  Assoc.  M.     Nov.  28,  1916 

Asuncion,    Paraguay j 

Gelwix,  Daniel  Edmund.  Valuation  Engr.,  Kansa.s  City, 
Clinton  &  Springfield  Ry.,  713  Woodruff  Bldg., 
Springfield,    Mo Oct.      10,   1916 

Gordon,  John  Gardner,  Jr.  Chf.  Engr.,  Layne  &  Bowler 
Corporation,  900  Santa  Fe  Ave.,  Los  Angeles,  Cal. 

Harrah,   Orin  Wilson.     Junior  Engr.,  U.   S.   | 
Reclamation   Service,   Poplar,   Mont.  ...    C 

Haun,  George  Cleveland.  Designer,  Chicago 
Office,  Am.  Bridge  Co.,  208  South 
La  Salle  St.,  Room  1329,  Chicago,  111.. 

Heatley,  Thomas.  Engr.  Insp.,  Bureau  of  Bldgs.,  Bronx 
Borough,  Borough  Hall,  Third  Ave.  and  177th  St., 
New  York  City Jan.     15,   1917 

Hynds,   Harold   Devillo.     Secy.,   Am.    Concrete    Inst.,   30 

Broad  St.,  New  York  City Jan.     15,  1917 

Ingham,     Edwin     Ambler.     Asst.     Supt.     of  ")    ^  ^  „    ,„,, 

.                                  '  /   Jun.  Jan.  6,  1915 

Constr.,     Phoenix     Constr.     Co.,     Grace,  y    .            ,,  ^  ,,    ,^,„ 

^,  ,  r  Assoc.  M.  Jan.  15,   1917 

Idaho     ) 

Jones,  Edward  Lindley.  Engr.,  Hoeffer  &  Co.,  2811  Har- 
rison   St.,    Evanston,   111 Sept.    12,   1916 

Lynde,   Clifford.     Asst.   Engr.,    Cranford   Co.  )  ,.  t-.  i     inr>o 

'                                          ^  f  Jun.  Dec.  1,   1908 

(Res.,    359    St.    Johns    PI.),    Brooklyn  V  .            ^.t  -nt  no    ^r^^t' 

^         '  (  Assoc.  M.  Nov.  28,  1916 

N.   Y \ 

Metcalf,  Bradley  Revere.  With  Los  Angeles  County 
Board  of  Flood  Control,  1423  Curson  Ave.,  Los 
Angeles,  Cal Oct.      10,   1916 

Robinson,  John  Harvey.  Eng.  Mgr.,  Sharon  Coal  &  Lime- 
stone Co.,  245  South  Pitt  St.,  Mercer,  Pa Jan.     15,   1917 


es,  Cal .  . . 

Jan. 

15, 

1917 

Jun. 

June 

24, 

1914 

Assoc.  M. 

Jan. 

15, 

1917 

Jun. 

Oct. 

1, 

1912 

Assoc.  M. 

Jan. 

15, 

1917 
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ASSOCIATE  MEMBERS   ( Continued )  Date  of 

Membership. 
RoHN,   Ralph   Earle.     With   E.  J.  Landor,   964  McKinley 

Ave.,  N.  W.,  Canton,  Ohio Nov.     28,   1916 

Sessler,  G rover  CCeveland.     Asst.  to  Plant  Engr.,  Midvale 

Steel  Co.,  Nicetown,  Philadelphia,  Pa Jan.     15,   1917 

Sloane,  Fred  Mathews.     4049  Sheridan  Rd.,  Chicago,  111.  .     Jan.     15,  1917 

Smyth,   Arthur   Porter.     Asst.   Engr.,   U.    S.   )   Jun.  Jan.       3,  1911 

Reclamation  Service,  Dixon,  Mont j   Assoc.  M.     Jan.     15,   1917 

Sniggs,  Ci.ark  Dee.     Care,  U.  S.  Engrs.,  815  Witherspoon 

Bldg.,    Philadelphia,    Pa Sept.    12,   1916 

T.'SKAHASHi,  Seisuke.     Asst.  Designing  Engr.,  Bridge  Dept., 

Kansas  City  Terminal  Ry.,  Kansas  City,  Mo Jan.     15,   1917 

Thomson,  Fred  Morton.     Div.  Engr.,  M.,  K.     )  Jiin.  Oct.       6,  1908 

&  T.  Ry.,  Parsons,  Kans \  Assoc.  M.     Nov.     28,   1916 

Tourtellot,   Edward   Boyington.     County   Engr.,   Clayton 

County,    Elkader,    Iowa Oct.      10,1916 

Watson,  Carl  Hawley.     Great  Neck  Station,  N.  Y Jan.     15,  1917 

Watson,  George  Linton.  Chf.  Engr.  and  Gen.  Supt.,  Con- 
tinental Public  Works  Co.  of  New  York,  Giddens 
Bldg.,   Tampa,   Fla Jan.     15,   1917 

Wig,  Rudolph  James.  Engr.  Physicist,  Bureau  of  Stand- 
ards, 2952  Newark  St.,  Washington,  D.  C Sept.    12,  1916 

WiLLARD,   George  Thompson.     Insp.,   The  Rail  Joint  Co., 

408   Commonwealth   Bldg.,   St.   Louis,   Mo Nov.     28,   1916 

WiLMOT,  James.     In.  Chg.,  Section  5,  Routes  > 

4   and   36,   Broadway-Fourth   Ave.   Rap.   !   Jun.  Sept.      1,   1908 

Trans.    R.    R.,     1711     University    Ave.,   f  Assoc.  M.     Nov.     28,   1916 
New   York   City J 

associates 
Bent,  Arthur  Samuel.      (Bent  Bros.),  825  Central  Bldg., 

Los  Angeles,  Cal Nov.     28.   1916 

Whitney,  Parker  Richards.     Draftsman,  Am.  Bridge  Co., 

510  Park  Rd.,  Ambridge,  Pa Jan.     15,   19^7 

JUNIORS 

Andrews,  Harry  Samuel.     514  Cherokee  St.,  South  Beth- 

leham.   Pa Sept.    12,   1916 

AsHKiNS,  Nathan  Thomas.     Gen.  Mgr.,  Jefferson  Cement 

Tile  Co.,  539  Franklin  St.,  Louisville,  Ky Jan.     15,   1917 

Gardner,   George  Washington.     P.  O.   Box   92,  Madison, 

N.   J Jan.     15,   1917 

Grigsby,   Walter  Berton.     Engr.,   Trussed   Concrete   Steel 

Co.,   16  Tacoma  Ave.,  Youngstown,   Ohio Oct.      10,  1916 

Kane,  Daniel  Coughlin.  Asst.  to  Prof.  James  S.  Mac- 
gregor,  Columbia  Univ.  Testing  Laboratory,  469 
Forty-seventh  St.,  Brooklyn,  N.  Y Jan.     15,   1917 


IGO  MEMBERSHIP — ADDITIONS,  KESIGNATIONS,  DEATHS  [Society  Aflfairs. 

JUNIOBS    (Continued)  Date  of 

Membership. 
Maslen,  Harold  Carpendale.     2312  University  Ave.,  New 

York   City Jan.     15,   1917 

MiLHAN,    David    Nelson.     Div.    Engr.,    Portland    Cement 

Assoc,   1123  Hurt  Bldg.,  Atlanta,  Ga Jan.     15,  1917 

Pfabce,  Rufus  Burleson.     319  North  Park  St.,  Madison, 

Wis Nov.     28,   1916 

Reeves,  Glenn  Stanton.     Draftsman,  Pennsylvania  Steel 

Co.,  1524  North  2d  St.,  Harrisburg,  Pa Nov.     28,  1916 

Stephens,  Uel.     Box  404,  Vicksburg,  Miss Jan.     15,  1917 

Turner,  Daniel  Norman.     16  MacPherson  St.,  Mount  Airy, 

Philadelphia,    Pa Nov.     28,  1916 

VAN  BuREN,  Maurice  Pelham.     The  Cedars,  New  Brighton, 

N.  Y Jan.     15,   1917 

Van    Sise,    Andrew    Jackson.     County    Engr.,    Audubon 

County,    Audubon,    Iowa Jan.     15,   1917 

Whalen,  William  Edward.     Asst.  to  Gen.  Supt.  of  Bldg. 

Constr.,  Willys  Overland  Co.  (Res.,  2309  Fulton  St.), 

Toledo,  Ohio Nov.     28,  1916 

White,  David  Ewing.     Draftsman,  Chf.  Engr.'s  Office,  L. 

&  N.  R.  R.,   Louisville,  Ky Nov.     28,   1916 


REINSTATEMENTS 

members  d  .  ^^^f  '''    . 

Reinstatement. 

Neilson,    Charles Jan.     15,  1917 


RESIGNATIONS 

associate  members  Resfg*^atL. 

McDargh,   Harry  John Dec.  31,  1916 

Quirk,  James  Francis Jan.  15,  1917 

juniors 

Bradstreet,  Herbert  Neal Dec.  31,  1916 

OsBORN,   Jesse   Thomas Jan.  15,  1917 

Stanford,  James  Leland Dec.  31,  1916 


DEATHS 

Cunningham,  Andrew  Chase.  Elected  Associate  Member,  September  2d, 
1891;  Member,  October  3d,  1894;  died  January  13th,  1917. 

Evans,  Richard.  .Elected  Member,  June  7th,  1893;  died  December  30th, 
1916. 

McCollom,  Thomas  Chalmers.  Elected  Member,  May  3d,  1882;  died  Jan- 
uary 4th,   1917. 
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Maxim,  Sir  Hiram  Stevens.  Elected  Member,  October  7th,  1885;  died 
November  24th,  1916. 

Mould,  George  Alexander  Hutchings.  Elected  Associate  Member,  Decem- 
ber 7th,   1904;  died  January  21st,  1917. 

Smith,  William  Stuart.  Elected  Associate  Member,  January  8th,  1902; 
died  November  5th,  1916. 

Stott,  Henry  Gordon.  Elected  Member,  July  1st,  1908;  died  January 
15th,  1917. 

Thomson,  Samuel  Forsythe.  Elected  Associate  Member,  January  3d, 
1906;  died  January  30th,  1917. 


Total  Membership  of  the  Society,  February  8th,  1917, 
8  221. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 
INTEREST 

(January  2d  to  February  1st,  1917) 
Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  tlie  titles  of  current  engineering  articles, 
which,  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  tlie  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OP  PUBLICATIONS 

In  tlie  subjoined  list  of  articles,  references  are  given  by  the  iinmber 
prefixed  to  each  journal  in  this  list: 
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(14 
(15 
(16 

(17 

(18 
(19 

(20 

(21 

(22 
(23 
(24 
(25 
(26 
(27 
(28 
(29 


Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Frankliu  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Eugrs., 
Chicago,  III.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,  Que..  Canada. 

School  of  Mines  Quarterhi,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundhcits  Ingenieur,  Munchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,  N.  J.,  50c. 

Industrial  Management,  New  York 
City,  25c. 

Enqineering  (London),  W.  H.  Wiley, 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Enqineering  Nexcs,  New  York  City, 
i5c. 

Engineering  Record,  New  York 
City,    15c. 

Railioay  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City.  10c. 

Railway  Revieio,   Chicago,   111.,   15c. 

Scientific  Atnerican  Supplement,  New 
York  City,  10c. 

Iron  Age,  New  York  City,  20c. 

Railway  Engineer,  London,  Eng- 
land." Is.  2d. 

Iron  and  Coal  Trades  Revieio,  Lon- 
don, England,  6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Engineering  Journal, 
New  York  City,  10c. 

Railway  Mechanical  Engineer,  New 
York  City,  20c. 

Electrical  Revieio,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water-Works 
Assoc,   Boston,   Mass..   .$1. 

Journal,  Royal  Society  of  Arts, 
London,   England,    6d. 


(30 
(31 

(32 


(34 

(35 

(36 
(37 
(38 


(39 
(40 

(41 
(42 
(43 
(44 

(45 
(46 

(47 

(48 

(49 
(50 

(51 
(52 
(53 

(54 
(55 
(56 


Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annales  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,   4  fr. 

Menioires  et  Conipte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de  France, 
Paris,   France. 

Le  Genie  Civil,  Paris,  France,   1  fr. 

Portefeuille  Eco7iomiques  des  Ma- 
chines, Paris,  France. 

Nouvelles  Annales  de  la  Construc- 
tion, Paris,   France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generale  des  Chemins  de 
Per  et  des  Tramways,  Paris, 
France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,  0,  70m. 

Zentralblatt  der  Bauverwaltung, 
Berlin,   Germany,   60   pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Ponts  et  Chaussees, 
Paris,    France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,   50c. 

Coal  Age,  New  York  City,   10c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60m. 

Zeitschrift  fiir  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung ,  Riga, 
Russia,  25  kop. 

Zeitschrift,  Oesterrelchischer  In- 
genieur und  Architekten  Verein, 
Vienna,  Austria,  70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,   $12. 

Transactions,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 

Transactions,  Am.  Inst.  Min.  Engrs., 
New  York  City,  $6. 
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(59 
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(61 

(62 

(63 

(64 
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(71 
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(72 
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(74 

(75 
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(77 

(78 

(79 
(80 

(81 

(82 

(83 

(84 
(85 

(86 

(87 


Collier)/  Guardian,  London,  Eng- 
land.  5d. 

Procccdinas,  Engrs.'  Soc.  W.  Pa., 
2511  Oliver  Bldg..  Pittsburgh, 
Pa.,  50c. 

Proceedings,  American  Water- 
Works   Assoc,   Troy,    N.   Y. 

Municipal  Enqineering ,  Indianapolis. 
Ind.,   25c. 

Proceedings,  Western  Railway  Club, 
225  Dearborn  St.,  Chicago,  111., 
25c. 

American  Drop  Forger,  Thaw 
Bldg.,    Pittsburgh,    Pa.,    10c. 

Minutes  of  Proceedings,  Inst.  C.  E., 
London,  England. 

Power,  New  York  City,  5c. 

Official  Proceedings,  New  York  Rail- 
road  Club,    Brooklyn,   N.  Y.,    15c. 

Jownal  of  Gas  Lighting,  London, 
England,   6d. 

Cement  and  Enoineering  Neics, 
Chicago,  111.,  25c. 

Mining  Journal,  London,  England, 
6d. 

Der  Eisenl)au,  Leipzig,  Germany. 

Journal.   Iron   and   Steel   Inst.,   Lon- 
don,  England. 
)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

American  Machinist,  New  York 
City,   15c. 

Electrician,    London,    England,    18c. 

Transactions,  Inst,  of  Min.  and 
Metal.,  London,  England. 

Proceedings,  Inst,  of  Mech.  Engrs., 
London,  England. 

Brich,   Chicago,   111.,    20c. 

Journal.  Inst.  Elec.  Engrs.,  Lon- 
don, England,  5s. 

Beton  und  Eisen,  Vienna,  Austria, 
1,   50m. 

Forscherarheiten,    "Vienna,     Austria. 

Tonindustrie  Zeitung,  Berlin,  Ger- 
many. 

Zeitschrift  filr  Architektur  und  In- 
genteurwesen,  Wiesbaden,  Ger- 
many. 

Mining  and  Enoineering  World, 
Chicago,  111.,  l()c. 

Gas  Age,  New  York  City,  15c. 

Le  Ciment,  Paris,  France. 

Proceedings,  Am.  Ry.  Eng.  Assoc, 
Chicago,    111. 

Enqineerino -Contracting,  Chicago, 
ill.,  10c. 

Railway  Engineering  and  Mainte- 
nance of  Way,  Chicago,   111.,   10c. 
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(89 
(90 
(91 

(92 

(93 
(95 
(96 
(98 
(99 
(100 


101 
102 


103 
104 

105 

106 

107 

108 
109 

110 

111 

112 

113 
114 

115 
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Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
glum. 

Proceedings,  Am.  Soc.  for  Testing 
Materials,  Philadelphia,  Pa.,  .fS. 

Transactions,  Inst.  of  Naval 
Archts.,    London,    England. 

Transactions,  Soc.  Naval'  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bulletin,  Soc.  d'Encouragement 
pour  rindustrie  Nationale,  Paris, 
France. 

Revue  de  M^tallurgie,  Paris, 
France,  4  fr.  50. 

Interyiational  Marine  Engineering. 
New  York  City,   20c. 

Canadian  Enqineer,  Toronto,  Ont., 
Canada,  10c. 

Journal,  Engrs.  Soc.  Pa.,  Harris- 
burg,   Pa.,   30c. 

Proceedinqs.  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.  C,  50c. 

Metal  Worker.  New  York  City,  10c. 

Orqan  filr  die  Fortschritte  des 
Eisenbahnivesens.  Wiesbaden,  Ger- 
many. 

Mining  and  Scientific  Press,  San 
Francisco,   Cal.,   10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land, 6d. 

Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,  6s. 

Schiceizerische  Bauzeitung,  Ziirlch, 
Switzerland. 

Iron  Tradesman,  Atlanta,  Ga.,  10c. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal,  Am.  Concrete  lust.,  Phil- 
adelphia,  Pa.,   50c. 

Journal  of  Electricity,  Power  and 
Gas.  San  Francisco,  Cal.,  25c. 

Internationale  Zeitschrift  filr 
Wasser-Versorgung,  Leipzig,  Ger- 
many. 

Proceedinqs.  Am.  Wood  Preservers' 
Assoc,    Baltimore,    Md. 

Journal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England,  Is.  6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.    Louis,    Mo.,    35c. 

Blast  Furnace  and  Steel  .  Plant, 
Pittsburgh,   Pa.,   15c. 


LIST  OF  ARTICLES 
Bridges. 

Notes  on  the  Clifton  Suspension  Bridge.*      L.  S.  McKenzie.      (114)      Jan. 

Large   Bridge   Struts    (Tests   and   Failures).*      (21)      Jan. 

Sciotoville   Bridge   Erection    Is  Well   Started.*      (13)      Jan.   4. 

University     Bridge,     Saskatoon  :     Ten-Span     Concrete     Bridge,     Summary     of     Costs, 

Specifications  "and  Construction   Methods.*      C.    J.   Yorath.      (96)      Jan.   4. 
Harrisburg    Bridge    Centers    Moved    in    Average    Time    of    Six    Hours.*      Frank    P. 

Kernon.      (14)      Jan.   6. 
Arch    Design    Adopted    for    Galveston    Causeway    Reconstruction.*      (14)      Jan.    6. 
Portable  Timber-Framing  Machine  Used  on  Keokuk  Bridge.*      (13)      Jan.   11. 

•  Illustrated. 
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Bridges— (Continued ). 

Cold  Bituminous  Mixtures  for  Plank  Floors  of  Highway  Bridges.*      B.  H.  Piepmeier. 

(13)      Jan.    11. 
A   New  Bridge  over  the  Mississippi   River.*      (IS)      Jan.   12. 

Concreting  the  Footings  and  Piers  of  a  Viaduct   196  Ft.  High.      (13)      Jan.  18. 
Four    Spans    of    Union    Pacific's    Omaha    Bridge    Rolled    to    Place.      (13)     Jan.    18; 

(IS)   Jan.  19  ;   (46)   Jan.  13. 
Three   Washed-Out   Steel    Spans   Replaced   in   Ten   Days.*      (14)      Jan.    20. 
Lead-Lined   Expansion  Joints  in  Floor  of  Concrete  Arch   Bridge.*      (14)      Jan.   20. 
Straightening  Bent  I -Beams  by  Hanging  over  Fire.*      (86)      Jan.  24. 
The    St.    Charles    Bridge    Fire.*      (86)      Jan.    24. 
Method    of    Erecting    Large    Concrete    Arch     Bridge    Without    False    Work.      (86) 

Jan.    24. 
Outside    Template    for    Building    Lackawanna    Steel    Sheet    Pile    Cofferdams.      (86) 

Jan.   24. 
Concrete  Pile  Trestle  Bridge  with  Cellular  Slabs.      C.  E.  Nagel.      (Abstract  of  paper 

read    before   Northwestern    Road    Congress.)       (86)      Jan.    24. 
One-Span   Concrete  Arches  on   Sides  Widen  Two-Arch   Stone  Bridge.*    (13)    Jan.   25. 
Extending    Cincinnati    Approach    to    the    Covington    Bridge    Over    the    Ohio.*      (13) 

Jan.    25. 
Le    Pont    en    Arc    de    Old  T -Rails,    sur    le    Colorado.      (Californie,    E.-U.)*      (33) 

Dec.   30,   1916. 
Etude  sur  un  Nouveau  Systdme  de  Pont  Suspendu  Rigide  k  Arcs  Doubles.      G.  Leine- 

kugel   le   Cocq.      (.33)      Serial   beginning   Jan.    6. 

Electrical. 

Direct-Current    Motors    in    the    Steel    Mill.*      H.    F.    Stratton.      (Paper    read    before 

Am.  Assoc,  of  Iron  and  Steel  Electrical  Engrs.)    (47)      Dec.  22,  1916. 
Air    Analysis    of    Electric    Cooking.      H.    O.     Swoboda.      (Abstract    of    article    from 

Electrical  Review  and  Western  Electrician.)       (73)   Dec.  22,  1916;   (26)  Jan.  12. 
British    Thomson-Houston    Rotary    Converters.*      (73)      Serial    beginning    Dec.    22, 

1916. 
Electricity    Supply.     J.    A.    Robertson.      (Abstract    from    the    British    Westinghouse 

Club  News.)      (26)      Dec.  22,  1916. 
Some   Notes   on   the   Theory  of  Iron-Cored   High  Frequency   Current  Transformers.* 

N.  W.  McLachlan.      (73)      Dec.  22,  1916. 
Some    Characteristics    of    Crystal     Detectors.*      Victor    A.    Hunt    and    Laurens    E. 

Whittemorc.      (From    Physical   Review.)      (73)      Dec.      29,    1916. 
A     Universal     Resistance    Standardising     Bridge.*      C.     V.     Drysdale.      (73)      Serial 

beginning  Dec.   29,   1916. 
Polyphase    Alternating    Current    Commutator    Motors    with    Shunt    Characteristics.* 

(12)    Dec.   29,   1916:    (26)    Jan.  12. 
Some  Sources  of  Error  in  Thermometry.*      E.  B.  Pausey.      (26)      Dec.  29,   1916. 
Controllers    for    Various    Industrial    Motors.      H.    D.    James.      (From    The    Electric 

Journal.)       (62)      Serial    beginning    Jan. 
Regenerative  Braking  of  Electric  Vehicles.*      R.   E.   Hellmund.      (42)      Jan. 
The   Luminous   Efficiency   of   the   Radiation   from   the   Electric    Arc.      Enoch   Karrer. 

(3)      Jan. 
The    Characteristics    of    Iron    in    High    Frequency    Magnetic    Fields.     Ralph    Bown. 

(3)      Jan. 
Experiments   on   Porcelain    Suspension   Insulator   Units.*      J.   Cameron    Clark.      (42) 

Jan. 
Ceramics     in     Relation     to     the     Durability     of     Porcelain     Suspension     Insulators.* 

Harris    J.    Ryan.      (42)      Jan. 
Investigation    of    Suspension     Insulator    Deterioration.     J.     E.     Woodbridge.       (42) 

Jan. 
"Present   Worth"    Methods    As    Applied   to    Telephone   Engineering    Studies.*      A.    P. 

Godsho.      (2)      Jan. 
The  Traffic   Department  of  a  Telephone   Company.     A.   L.   Gracey.      (2)      Jan. 
Alternating   Current    Motor   Troubles.      George   A.    Schneider.      (Ill)      Jan.    1. 
Recent   Electrochemical    Developments.*      J.    W.    Beekman.      (Ill)      Jan.    1. 
The   Electrical    Study   Course.*      (64)      Serial   beginning   Jan.    2. 
The   Installation   of   Motors.*      R.   Thistlewhite.      (64)      Serial   beginning   Jan.    2. 
Baking   by    Electricity.      G.    Basil    Barham.      (26)      Jan.    5. 
Electric    Trucks    and    Tractors.*      (26)      Jan.    5. 
The    Sale    of    Electric    Service    in    Larger    Quantities.*      Peter    Junkersfeld.      (27) 

Jan.    6. 
The    Future    Opportunities    for    American    Electrochemistry.*      E.    F.    Roeber.      (27) 

Jan.    6. 
The  Outlook  in   Illumination   at  an   Important  Period   of  Development.*      Preston    S. 

Millar.      (27)      Jan.   6. 
Sensibility  of  the  Eye  to  Varying  Degrees  of  Light.*      (27)      Jan.  6. 
Commutation    in    Continuous-Current   Machines.*      A.    M.    Bennett.      (64)      Jan.    9. 
Building  Telephone  Conduits.      (13)      Jan.   11. 

*  Illustrated. 
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Electrical— (Continued). 

Cable   Junction   Boxes.*      S.   G.      (26)      Serial  beginning  Jan.   12. 

Design    of    Overhead    Power    Transmission    Lines.*      A.    F.    W.    Richards.      (Paper 

read  before  Assoc,   of  Mining  Electrical   Engrs.)       (22)      Jan.   12. 
Joint  Use  of  Central  Station  Service  and  an  Isolated  Plant.*      (27)      Jan.  13. 
Automatic   Substations   Permit   Large   Saving   in   Des   Moines.      (17)      Jan.   13. 
Factors    that   Determine   Economical    Life    of   Transformers.*      Theodore   B.    Morgan. 

(27)      Jan.    13. 
Electric  Furnaces.*      E.  A.  Wilcox.      (Ill)      Jan.  15. 
Reconnecting    Induction    Motors — Rotating    Magnetic    Field.*      A.    M.    Dudley.      (64) 

Serial    beginning  Jan.   16. 
Safety-First   Switchboard.*      (64)      Jan.    16. 

Heating  Domestic   Water  Supply   by   Electricity.      (101)      Jan.   19. 
Volcanic  Heat   Drives   Electric-Power  Plant  in   Italy.      (14)      Jan.   20. 
The  Heaviest  Submarine  Telephone  Cable.*      (46)      Jan.  20. 
Features  of  New  Jersey  Company's  Latest  Station    (Essex   Station  of   Public  Service 

Electric  Company).*      P.   H.   Chase.      (27)      Serial  beginning  Jan.   20. 
Fundamental    Principles   of    Present-Day   Transformer   Design.*      W.    M.    McConahey 

and    J.    F.    Peters.      (27)      Jan.    20. 
A  Rotary  Interrupter  for  Large  Induction  Coils.*      Louis  B.  Laruncet.    (19)   Jan.  20. 
A   Peculiar  Transformer  Trouble.      Leonard  Kennedy.      (64)      Jan.   23. 
Method    of   Erecting   Radio   Towers.      A.    C.    Cunningham.      (From   Public    Works    of 

the    Navy.)       (86)      Jan.    24. 
The  210  000-Kw.  Buffalo  Steam  Station.*      (27)      Jan.   27. 
Central     Station     Growth     and     Rate     Reductions :     Principles     Underlying     Method 

Adopted   at   Milwaukee   and   St.    Louis.      (27)      Jan.    27. 
A   Central   Station  Viewpoint  of  an   Isolated  Power  Plant.      Julius  G.   Berger.      (64) 

Jan.    30. 
The    Electrical    Power    Industry    in    China    and    Indo-China.      Ludwig    W.    Schmidt. 

(64)      Jan.    30. 
Bemerkungen    zu    den    "Richtlinien    fiir    Hochspannungsapparate".*      Probst.      (41) 

Dec.   21,    1916. 
Das    neue    Elektrizitatswerk    der    Stadt    Chur    an    der    Plessur   bei   Liien.*      L.    Kiir- 

steiner.      (107)      Serial    beginning    Jan.    6. 
Queeksilberdampf-Gleicbrichter,     Bauart    Brown,     Boveri     &    Cle.*       (107)       Serial 

beginning  Jan.    13. 

Marine. 

Trial    of    a    600-B.    H.    P.,    Two-Stroke.    Direct    Reversible    Nobel    Diesel    Engine.* 

Baron   G.    Steinheil.      (11)      Dec.   22,    1916. 
Design    of    Submarines.     W.    L.    Rodgers.      (Paper    read    before   Am.    Sec.    of    Naval 

Archts.    and   Marine  Engrs.)       (47)      Dec.    22,   1916. 
Reinforced   Concrete  Floating   Structures.      (12)      Dec.    29,    1916. 
A   New   Status   of  American   Shipbuilding.     W.    L.    Crounse.      (20)      Jan.   4. 
The    Advance    in    American    Shipbuilding :    Plant    and    Methods    Brought    to    a    High 

Standard — Labor  Situation  Not  in  Line  with  Improvement  in   Other  Respects.* 

(20)      Jan.  4. 
Recent  American  Warships.      (12)      Serial  beginning  Jan.  5. 
Advantages    and    Future    of    Electric    Ship    Propulsion.*     W.    L.    R.    Emmet.      (27) 

Jan.    6. 
The    Power-Forging   of   Chain    Cables.     Frederick    G.    Coburn.      (Paper    read    before 

Am.   Soc.   of  Naval   Archts.   and   Marine   Engrs.)      (47)      Jan.    12. 
A  Working  Model   of  the  North  Dakota:    Description   of  a  Model   of  a   Dreadnought 

1-lOOth  of  Full  Size.*      C.  A.  Myers,  Jr.      (46)      Jan.  20. 
Torpilleurs  allemands  et  Destroyers  anglais.*      (33)      Jan.  6. 

Mechanical. 

Vapors  for  Heat  Engines.     William  D.  Ennis.      (8)      Oct.,  1916. 

The   Action    of   Solvents   on    Coal.      (From   Journal   of    Soc.    of   Chemical    Industry.) 

(22)      Dec.    15,    1916. 
Oxy-Acetylene   Welding.     W.   L.    Brown.      (Abstract  of  paper  read  before  Assoc,   of 

Mining  Electrical   Engrs.)      (22)      Dec.   15,   1916. 
Modern    Friction    Surfaces.*      John    Oswald.      (Paper    read   before    Assoc,   of    Mining 

Electrical  Engrs.)       (22)   Dec.  15,  1916;    (47)   Jan.  19. 
The    Control    of    Gas    Producers.*      A.    C.    Edmiston.      (Paper    read    before    Scottish 

Junior  Gas  Assoc.)       (66)      Dec.    19,   1916. 
War-Time  Lighting  Economy   and   Restrictions.     Leon   Gaster.      (Paper  read  before 

Illuminating  Eng.  Soc.)       (66)   Dec.  19,  1916;    (104)   Dec.  29.  1916;    (73)    Dec. 

22,    1916. 
Graphite  Cylinder  Lubrication.     E.   W.    Johnston.      (Abstract  of  paper   read   before 

the   Birmingham  Assoc,  of  Mech.   Engrs.)       (47)      Dec.   22,   1916. 
Boiler  Explosion   at  Paisley.      (11)      Dec.   22,    1916. 

•  Illustrated. 
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Mechanical— (Continued) . 

Cast  Iron :  With  Special  Reference  to  Engine  Cylinders.*  J.  Edgar  Hurst. 
(Paper  read  before  Manchester  Assoc,  of  Bngrs.)  (11)  Serial  beginning 
Jan.   12;      (12)      Dec.   22,   1916. 

Fuel  Economy,  with  Special  Reference  to  Briquetting.*  F.  C.  A.  Lautsberry  and 
J.  Drummond  Paton.  (Paper  read  before  Manchester  Geological  and  Mining 
Soc.)       (57)   Dec.  22,  1916;   (22)   Dec.  22,  1916. 

A  National  Fuel  and  Power  Policy.  H.  B.  Armstrong.  (Paper  read  before  Soc. 
of  Chemical  Industry.)       (57)  Dec.  22,  1916;   (66)  Dec.  19,  1916. 

Recent  Researches  on  the  Constitution  of  Coal.  R.  V.  Wheeler,  D.  T.  Jones,  and 
E.  Teves.  (From  papers  read  before  Chemical  Soc.  and  Chemical  Technical 
Inst.      (66)      Dec.   26,    1916. 

Hydrocarbons  Contained  in  Coal.  Aime  Pictet,  L.  Ramseyer  and  O.  Kaiser.  (Ab- 
stract of  paper  read  before  French  Academy  of  Sciences.)  (66)  Dec.  26, 
1916. 

Reorganization  of  a  Paper  Mill   Power  Plant.*      (12)      Dec.   29,   1916. 

The   Prache   and    Bouillon    Evaporating    Plants.*      (11)      Dec.    29,    1916. 

A  Method  of  Determining  the  Density  of  Flue  Gases.*  James  Alexander  Smith. 
(Paper  read  before  the  Victorian   Institute  of  Engrs.)       (47)      Dec.  29,   1916. 

Aluminum  Castings  and  Forgings.  P.  B.  McKinney.  (Paper  read  before  Am. 
Institute  of  Metals.)       (47)      Dec.    29,    1916. 

Liquid  Measuring  Pumps.  F.  J.  Schlink.  (From  Technologic  Paper  No.  81  of 
the  United    States   Bureau  of   Standards.)       (47)      Dec.    29,    1916. 

Indicating   Gear    for    Internal    Combustion    Engines.*      (12)      Dec.    29,    1916. 

Rotary   Shaping  Machines   for  Aeroplane   Propellers.*      (12)      Dec.   29,    1916. 

Davey's    Compound    Condensing    Pumping    Engine.*      (47)      Dec.    29,    1916. 

Some  Notes  on  Hardening  Screw  Gauges.*     J.  H.  Lavender.      (11)      Dec.  29,   1916. 

Efficiency  in  Coke-Oven  Practice.  G.  B.  Foxwell.  (Paper  read  before  Sheffleld 
University  Gas   and   Coke-Oven   Assoc.)       (22)    Dec.   29,   1916;    (57)    Jan.    12. 

Abrasive   Paper  and  Cloth.     F.   B.   Jacobs.      (108)      Jan. 

The  Electric  Welding  Process.  (From  Report  read  before  Assoc,  of  Railway  Elec- 
trical  Engrs.)       (25)      Jan. 

The  Story  of  Abrasives.      (108)      Jan. 

Selecting  Abrasives  for  Specific  Uses.*      R.  G.  Williams.      (9)      Jan. 

Scientific  Research  for  National  Defense  as  Illustrated  by  the  Problems  of  Aero- 
nautics. (Abstract  of  paper  read  before  National  Academy  of  Sciences.)  (3) 
Jan. 

Cement   Products   Factory.      (67)      Jan. 

Progress  in  Aeronautics.  H.  Bannerman  Phillips.  (From  United  Service  Maga- 
zine.)      (44)'    Jan. 

Comparison  Basis  for  Auto  Performance.*  Walter  T.  Fishleigh.  (Paper  read 
before   Society   of   Automobile   Engrs.,    Detroit   Section.)       (62)      Jan. 

What   is  the  Matter  with  the  Belt  Theory?     W.  F.   Schaphorst.      (108)      Jan. 

The  Plants  of  the  Dolomite  Products  Company    (Stone  Quarrying).*      (67)      Jan. 

By-Product  Plant  at  Sheet  &  Tube  Works  ( Youngstown,  Ohio).*  Charles  C.  Lynde. 
(116)      Jan. 

Measuring  Gases  by   a  Standard   Orifice.*      Thomas   G.   Estep.      (116)      Jan. 

Power  Equipment  for  Steam  Plants :  Part  5,  Superheater.*  Robert  L.  Streeter. 
(9)      Jan. 

A  Shutter  Testing  Machine.*      Alfred  B.  Hitchins  and  F.  B.  Gilbert.      (3)      Jan. 

Highly  Efficient  Truck  and  Trailer  Operation  Rises  to  Emergency  of  Rush  Work.* 
(67)      Jan. 

EfRcency  To  and   From  the  Shop.      Rollin   W.   Hutchinson,   Jr.      (9)      Jan. 

Accurate  Appraisal  through  Short  Methods.  (Machine  Shops.)  John  G.  Morse. 
(Extract  of  paper  read  before  the  Faraday  Soc.)       (62)      Jan. 

The  Modern  Power  Plant  for  Fuel  Oil  Consumption.*  Robert  Sibley.  (Ill) 
Jan.    1. 

Where  Requirements  Occur  Intermittently,  Gas  for  Heating  Is  an  Economical  Fuel. 
Rossiter  S.   Scott.      (24)      Jan.   1. 

Points  Out  Advantages  to  be  Derived  in  Regulating  Operations  of  Water  Gas  Sets 
by  Measuring  Flow  of  Gases  at  Superheater  Outlet.  J.  M.  Spitzglass.  (Paper 
read  before  Am.  Gas  Institute.)       (24)      Jan.   1. 

Influence  of  Gas  Standards  on  the  Prosperity  of  the  Industry.  W.  R.  Addicks. 
(Paper   read   before   the   Illuminating   Eng.    Soc.)      (83)      Jan.   1. 

Continuous  Meter  Reading  Plan  Eliminates  Peaks  in  Rochester  Company's  Book- 
keeping Department.  F.  H.  Patterson.  (Paper  read  before  Am.  Gas  Insti- 
tute.)      (24)      Jan.    1. 

Would  Relieve  Commercial  Consumer  of  Necessity  of  Paying  Directly  for  Lighting 
Units.      J.   P.   Conroy.      (24)      Jan.    1. 

Low  Temperature  Compression  System.  Harry  Sloan.  (Paper  read  before  Am. 
Soc.   of   Refrigeration   Engrs.)       (64)      Jan.   2. 

The  Gasoline  Situation.  Vannoy  H.  Manning.  (Abstract  of  paper  read  before 
Washington    Retail    Merchants'    Assoc.)       (64)      Jan.    2. 

Oil  Coolers  for  Steam  Turbines.     A.   G.   Christie.      (64)      Jan.   2. 

•  Illustrated. 
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Mechanical— (Continued). 

Steam   Engine   Troubles.*      H.   Hamkens.      (64)      Serial   beginning   Jan.   2. 
Production   and   Cost   System    for   the    Foundry :     Obtaining   the   Costs   of   Individual 

Lots  of  Castings  in  the  New  Jobbing  Plant  of  the  Parsons  Foundry  Company.* 

(20)      Jan.   4. 
Nash  Motors   Company  Foundry   at   Kenosha.*      Oliver   J.   Abell.      (20)      Jan.   4. 
Increasing  Use  of   Secondary   Machine  Tools.*      C.   A.   Tupper.      (20)      Jan.   4. 
Waste  Heat  Boilers  Make  Good  Record  :    Experimental  Battery  of  Fire-Tube  Boilers 

at  South   Chicago   to  be  Augmented  by   Large   Installation — Description   of   the 

Boiler.*      (20)      Jan.    4. 
Tractive  Resistance  Tests  with  an  Electric  Motor  Truck.*    (From  Report  to  Research 

Division    of    Electrical    Engineering    Department   of    Massachusetts    Institute    of 

Technology.)       (96)      Jan.  4. 
Code  for  Testing  House  Heating  Boilers.      (From  Report  of  Committee  to  Am.   Soc. 

of    Heating    and    Ventilating    Engrs.)       (101)      Jan.    5. 
Belt  Conveyor  Coal  Loading  Plant  In  New  South  Wales.*      E.  M.  de  Burgh.      (Paper 

read  before   Northern   Eng.    Institute  of  New   South  Wales.)       (12)      Jan.   5. 
New   Blowing   Plant   at   Millom   Works.*      (22)      Jan.    5. 
The  Manufacture  of  Manganese  Steel   Castings.     W.   S.   McKee.      (Abstract  of  paper 

read   before  Am.   Foundrymen's   Assoc.)      (22)      Jan.    5. 
Gas-Fired  Kilns  at  Glenboig  Works.*      (22)      Jan.   5. 
High-Pressure    Steam    Stop    Valves.*      D.    MacNicoll.      (Paper    read    before    Institute 

of    Marine    Engrs.)       (11)      Jan.    5. 
Ancestors    of    the    Automobile :      Development    of    the    Present    Day    Car    from    the 

Earliest    Types,    as    Revealed    in    the    Files    of   the   Scientific    American.*      (46) 

Jan.   6. 
Attacking    the    Motor's    Mightiest    Enemy:      Methods    of    Preventing    and    Removing 

Carbon    Accumulations.*      John    S.    Harwhite.      (46)      Jan.    6. 
Trend  of   1917    Passenger   Car  Design.*      (46)      Jan.    6. 

Pulverized    Coal    as    a    Power-House   Fuel.*      Reginald    Trautschold.      (45)      Jan.    6. 
The  Elusive   Measuring  Pump  :     How  the  Purchasers  of  Gasoline  May  be   Protected 

Against    Intentional    and    Unintentional    Fraud.*      Herbert    W.    Hoffman.      (46) 

Jan.   6. 
Progress   and   Outlook   in    Prime   Movfers.*      W.    F.    Durand.      (27)      Jan.    6. 
The   Motor   Trucks   of    1917.*      Victor   W.    Page.      (46)      Jan.    6. 
What  Motor  Trucks  Offer  to   Contractors.*      Arthur  J.   Slade.      (14)      Jan.   6. 
In  Future  Rochester  Company's  Gas  will  be  all  Coal  Gas.     Herman  Russell.      (24) 

Jan.   8. 
Results   of   Tests   of  Gas-Burning   Systems   in   Oil   Cracking   Installation    Show    Need 

of   Careful   Study   of   Industrial  Fuel   Tasks.*      Henry   L.    Read.      (24)      Jan.    8. 
Steam    Engineers'    License    Examination.*      H.    F.    Gauss.      (64)      Serial    beginning 

Jan.   9. 
Hand-Firing    Soft    Coal.*      Charles    H.    Bromley.      (64)      Jan.    9. 
Design   of   Oil   Ring   Bearings.     William   Knight.      (64)      Jan.    9. 
Mono  CO;,   SO2,   and  O   Recorders.*      (64)      Jan.   9. 
Safety  Devices  for  Elevators.*      Jacob  Gentz,  Jr.      (64)      Jan.   9. 
Pipe-Bending    Machine.*      Charles    Wilde.      (Abstract    of    paper     read     before     Am. 

Gas    Institute.)       (86)      Jan.    10. 
Cost   of   Welding   Joints   of   Gas    Mains    by    Oxy-Acetylene    Process.      Chester    Wilde. 

(Abstract  of   paper   read  before   Am.    Gas   Institute.)       (86)      Jan.    10. 
Plants  of  New  Merger  at  Buchanan,  Michigan.      (Clark  Equipment  Company,  Making 

Drills,    Axles   and   Electric   Furnace    Castings.)*      (20)      Jan.   11. 
Adapting  the  Motor  Truck  to   Its  Work.      Clarence  B.  Montgomery.      (13)      Jan.   11. 
Rates  of  Depreciation  and  Their  Treatment   (Machine  Tools).      Charles   Plez.      (20) 

Jan.  11. 
Solid   Fuels.      S.   G.   Martlew.      (Abstract   of   paper   read   before   Assoc,   of   Engrs. -in- 

Charge.)       (47)      Jan.   12. 
Making   Thin    Wall    Ornamental   Brass    Castings.      R.    S.    B.    Wallace.      (Paper    read 

before   Am.    Institute   of   Metals.)       (47)      Jan.    12. 
How    to    Save    Fuel    in    Heating    a    House.      L.    P.    Breckenridge    and    S.    B.    Flagg. 

(101)      Serial  beginning  Jan.  12. 
Internal    Combustion    Engine   Tests.     W.    A.   Tookey.      (12)      Jan.    12.    ' 
Worm   Gear   and   Worm   Gear   Mounting.*      F.    W.    Lanchester.      (Paper    read   before 

Institution    of   Automobile   Engrs.)       (11)      Serial    beginning   Jan.    12. 
The   Universal  Gravity   Bucket   Conveyor.*      George   Frederick   Zimmer.      (11)      Jan. 

12. 
Engine    Lubrication.     W.    H.    Reay.      (Abstract    of    paper    read    before    Institute    of 

Marine    Engrs.)       (22)      Jan.    12;      (47)      Jan.    19. 
Use    of    Peat    in    Gas-Producing    Plants.      E.    C.    C.    Baly.      (Abstract   of   paper    read 

before    Soc.    of   Chemical    Indu.stry.)       (22)      Jan.    12. 
The    Condensation    Pump.*     Irving    Langmuir.      (From    General    Electric    Review.) 

(26)      Jan.   12. 
Notes   on    an    Old    Colliery    Pumping    Engine    (1791).     W.    T.    Anderson.      (Abstract 

of  paper  read  before  Manchester  Geological  and  Mining  Soc.)       (22)      Jan.   12. 

•  Illustrated. 


February,  If)]?.]     CURRENT   ENGINEERING   LITERATURE  173 

Mechanical— (Continued). 

Changes  in   Boiler   Piping  That  Improved   Steam  Heating  Service.*      (27)      Jan.    13. 
Oxide   Purification — For   and  Against  the  Calorific   Standard. — Oxide    Experiences   of 

Gas   Managers- — Size  of   Purifiers.      W.   C.    Jones.      (Paper   read   before   Midland 

Assoc,   of  Gas   Managers.)       (24)      Jan.   13. 
Home-Made  Pipe   Burners  of  Blast  Type  Used  for   Singeing  Cloth  at  Concord,   N.   C. 

John    S.    Palmer.       (24)      Jan.    13. 
Tests  Demonstrate  Adaptability  of  Gas  to  Melting  of  Soft  Metals.*      Henry  L.  Read. 

(24)      Jan.  13. 
Simplified   Use   of   the   Calorimeter.*      (83)      Jan.    15. 
Fundamental    Laws    Involved    in    Fuel    Oil    Practice.*      Robert    Sibley.      (Ill)      Jan. 

15. 
Data  on  the  Methods  and  Cost  of  Running  Gas  Services.      D.  E.  Keppelmann.      (Ex- 
tract from   paper  read  before   Pacific  Coast   Gas  Assoc.)       (83)      Jan.   15. 
EflBciency    Methods    in    Public    Utilities.      E.    L.    Hall.      (Paper    read    before    Pacific 

Coast   Gas    Assoc.)       (83)      Jan.    15. 
Care  of  Water  Tube  Boilers.     A.   C.   McHugh.      (64)      Jan.   16. 
Condenser   Efliciencies.*      John    D.    Morgan.      (64)      Jan.    16. 
Percentage   Distribution  of   Power   Costs.      J.   D.    Morgan.      (64)      Jan.    16. 
Correct  Pressures  to   use   in   Fan   Testing.*      John   L.   Alden.      (64)      Jan.    16. 
The    Ford    Engine   Room.*      Thomas   Wilson.      (64)      Jan.    16. 
Factors  Controlling  Maximum  Overall  Dimensions  of  Motor  Trucks.      A.   F.  Masury. 

(Paper  read  before  Am.  Assoc,  for  Advancement  of  Science.)       (86)      Jan.  17. 
Relocating    Equipment    in    a    Machine    Shop.      Frederic    Schreibman.      (20)      Serial 

beginning  Jan.   IS. 
Manufacture  of  Steel  Castings.      Ernest  F.   Lange.      (Abstract  of   paper   read   before 

Manchester  Assoc,   of   Engrs.)       (47)      Serial   beginning   Jan.    19. 
Gas   Piping   for  Various   Types   of  Buildings.*      (101)      Serial  beginning   Jan.   19. 
Lubrication    and   Lubricating   Oils.      F.    W.    Mann.      (Abstract   of   paper    read   before 

Am.   Petroleum   Soc.)       (47)      Jan.    19. 
Thermo-Physics  of  Cast  Iron.     Richard   Moldenke.      (Abstract  of  paper  read  before 

New  England   Foundrymen's   Assoc.)       (47)      Jan.   19. 
Briquetting   of   Lignites    and    Coals.     G.    J.    Mashek.      (45)      Jan.    20. 
Coal  Trade  in  New  York  in   1916.      (45)      Jan.   20. 
Carbon  Residue  from  Oil-Gas  Manufacture  Used  for  Every  Purpose  for  Which  Coal 

is   Utilized.      E.   L.  Hall.      (Abstract   of   paper   read   before  Am.   Gas   Institute.) 

(24)      Jan.   20. 
Grooved    Trap    in    Which    Foreign     Matter    Invariably    Accumulates    Eliminated    in 

Improved  Valve.*      D.   E.   Keppelmann.      (24)    Jan.   20;    (83)    Feb.   1. 
Weighing    Coal    at    Power    Plants.*      Henry    J.    Edsall.      (64)      Jan.    23. 
Boiler  Furnace  Temperatures.      George   C.   Cook.      (64)      Jan.   23. 
CO2  Recorders  and  Their  Value.*      Victor  J.  Azbe.      (64)      Jan.   23. 
California   Air  Tank   Orders.      (Issued   by    Industrial   Accident  Commission   of   Cali- 
fornia.)      (64)      Jan.  23. 
Friction    of    Bronze   on    Bronze    (Results    of   Tests).      (From    Beclamation   Record.) 

(86)      Jan.   24;      (14)      Jan.   27. 
Tests  on  Surfacing  Condensing  Plant.*      (96)      Jan.   25. 
Two   Year's   Growth   of   an   Abrasive   Industry :      The  Expansion   of   Grinding   Wheel 

Plants.      (20)      Jan.    25. 
Muscle  Shoals,  Tenn.,  as  the  Site  for  the  Government  Nitrate  Plant.      (13)      Jan.  25. 
Test   of  a  Four-Inch   Single-Stage  Turbine  Pump.*      J.   A.   Parkin.      (96)      Jan.   25. 
Adapting  Motor  Trucks  to  Desert  Work.      Edwin  H.  Warner.      (13)      Jan.   25. 
Recovery    of    Benzol    from    Coke-Oven    Gas :      Operating    Details    of    the    Process — 

Benzol    after   the   War — Use   as    Motor   Fuel — Loss    in    Calorific    Value    of   Gas. 

F.   W.    Sperr,    Jr.      (Abstract   of   paper   read   before   Am.    Institute   of   Chemical 

Engrs.)      (20)   Jan.  25;   (24)   Jan.  20;   (83)   Feb.  1. 
Opportunity   for   Drying  by   Evaporation.      Fred.    R.   Still.      (Paper   read   before   Am. 

Soc.  of  Heating  and   Ventilating  Engr.)       (101)      Jan.    26. 
A  Storehouse  of  Sleeping  Energy;  The  Unique  Chemical  Advantage  Which  Acetylene 

Possesses  Over  Other  Fuels.     J.  M.  Morehead.      (Paper  read  before  International 

Acetylene    Assoc.)       (46)      Jan.    27. 
Camden  Benzol  Plant  Will  Take  Care  of  All  Gas  Drip  from  Southern  New  Jersey.* 

(24)      Jan.   27. 
Latest    Improvements    for   the   Preparation    of    Bituminous    Coal — A    Discussion.     H. 

Reisser.      (45)      Jan.   27. 
Open  Pit  Steam-Shovel  Costs.     J.  M.  Anderson.      (16)      Jan.  27. 
Artificial   Drying   an   Almo.st  Limitless  Field   for  Use  of   Gas.      Gilbert   C.    Shadwell. 

(Paper  read  before  Am.   Soc.   of  Heating  and   Ventilating   Engrs.)       (24)      Jan. 

27. 
A    New    Condensation    Hygrometer.*      A    Breton.      (From    La    Nature.)       (19)      Jan. 

27. 
Adoption  of  New  Rate  Schedule  Brings  Many  Advantages  to  Martinsburg  Gas  Com- 
pany.     Leon   H.   Ware.      (24)      Jan.   27. 
Perpetual  Motion  Analyses*   (Three  prize  papers).      Paul  Hoffman,  Otto  M.  Foernsler 

Joseph   E.   Bissell.      (64)      Jan.   30. 

*  Illustrated. 
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Mechanical— (Continued.) 

Saving  Fuel   iu  a  Large  Industrial   Boiler  Plant.*      David  Moffat  Myers.      (9)      Feb. 

Grinding   Wheels   and   Grinding   Machines.*      C.    W.    Blakeslee.      (9)      Feb. 

How   to    Set   Shop    Standards.*      George   H.    Shepard.      (9)      Feb. 

The   Appraisal   of  Manufacturing   Plants.     Charles   W.   McKay.      (9)      Feb. 

Scales    and    Weighing    Methods    in    Industrial    Establishments.*      Herbert    T.    Wade. 

(9)      Serial  beginning  Feb. 
Effective  Coke  Loading  Machine.*      LeRoy  Allison.      (83)      Feb.  1. 
Santa  Barbara's  New  Gas  Works*    (California).      Joseph  M.  Berkley.      (83)      Feb.  1. 
Erfahrungen      im      Bau      und      Betriebhochbeanspruchter      Dampfkessel.*      Priedrich 

Miinzinger.      (48)      Nov.  11,  191G. 
Das  Zusammenarbeiten  von  Arzt  und  Ingenieur  in  der  Priifstelle  fiir  Ersatzglieder.* 

G.    Schlesinger.      (48)      Nov.    11,    1916. 
Ueber  Roholfeuerungen   in  Huttenwerken.*      L.   Schweitzer.      (50)      Dec.  7,   1916. 

Metallurgical. 

Modernising    a    Basic-Bessemer    Plant.*       (22)      Dec.     22,    191C. 

Smelting  New  Zealand  Iron   Sand.*      (12)      Dec.   29,   1916. 

Fuels   Available  for   Metallurgical   Furnaces.      (116)      Jan. 

Characteristic   Edges  of  Pig   Iron   Samples.*      Wallace   G.   Imhoff.      (116)      Jan. 

The  Future  of  the  Iron   Blast  Furnace.*      J.  E.  Johnson,  Jr.      (105)      Jan.   1. 

Current    Efflciency    in    Copper    Refining.     Lawrence    Addicks.      (105)      Jan.     1. 

The    Electrolytic    Behavior    of   Tungsten.     Walter    E.    Koerner.      (Paper    read    before 

Am.    Electro-chemical    Soc.)       (105)      Jan.    1. 
Modern  Works   Buildings    (Youngstowu   Sheet  and  Tube  Company).*      (20)      Jan.   4. 
United  Alloy  Steel  Corporation's  Work.*      (20)      Jan.  '4. 

Metals   and  Alloys   in   the   Steel    Industry.*      De   Courcy   Browne.      (20)      Jan.    4. 
Flotation    in    1916.*      (103)      Jan.    6. 

A  New  British  Electric  Steel  Furnace.*  (20)  Jan.  11. 
Chromium  and  Chromiferous  Iron  Ores.  (11)  Jan.  12. 
Analysis    of    Babbitt    Metal  ;    Alloys    of    Tin,    Antimony,    Lead    and    Copper.      E.    W 

Hagmaier.      (105)      Jan.    15. 
V'aporization    of    Metallic    Copper    in    Wirebar    Furnaces.*      Allison     Butts.      (105) 

Jan.   15. 
An    Investigation    of    the    Brittleness    Produced    in    Steel    Springs    by    Electroplating. 

M.    De   Kay    Thompson    and    C.    N.    Richardson.      (105)      Jan.    15. 
The  Calculation  of  Lead  Blast  Furnace  Charges  for  Students  of  Metallurgy.     Boyd 

Dudley,    Jr.      (105)      Serial    beginning   Jan.    15. 
Progress  in  Hot-Blast  Stove  Design.*      Arthur  J.  Boynton.     "(Paper  read  before  Am. 

Iron   and  Steel   Institute.)       (20)      Jan.   18. 
The  Rochester  Cyanide  Mill.*      A.  C.  Daman.      (16)      Jan.  20. 
Notes  on  the  Metallurgy  of  Copper.      David  H.  Browne.      (From  BuUetin  of  Canadian 

Mining  Institute.)       (103)      Jan.  27. 
A  New  Method  of  Zinc  Precipitation.*      H.  R.  Conklin.      (16)      Jan.  27. 
Flotation  of  Stibnite  Ores.      Joseph  Daniels  and  C.  R.  Corey.      (16)      Jan.  27. 
Metallurgy  of  Cadmium — Raw  Materials,  Technique  and  Economies.      Franz  Juretzka. 

(Translated   from  Metal   und  Erz  by  Oliver  C.   Ralston.)       (105)      Feb.   1. 
A  New  Electric  Zinc  Smelting  Process.*      (105)      Feb.   1. 

Volatility   of    Gold    at   High   Temperature    in    Atmospheres   of   Air   and    Other   Gases. 
W.    Mostowitsch    and    W.    Pletneff.      (Translated    in    abstract    from    Journal    of 

Russian    Metallurgical    Soc.)       (105)      Feb.    1. 
Sur  le  Dosage  du  Carbone  par  la  Methode  Eggertz.*      H.  Le  Chatelier  et  F.  Bogitch. 

(93)      July,  1916. 
Etudes  Comparatives  des  Metallurgies  Francaises  et  Etrangeres.      (92)      Sept.,  1916. 

Military. 

Trinitrotoluene  Poisoning.      (From   Report   to   Ministry  of  Munitions   iu   the  Lancet.) 

(66)      Dec.   26,   1916. 
Landing  Operations   and   the   Value   of  Mobile   Defense.      Giovanni   Marietti.      (From 

Revisla    Militare    Italiana.)      (44)      Jan. 
Shell   Manufacture  from  Cast   Steel.*      Edwin   F.   Cone.      (20)      Jan.   4. 
Armored  Automobiles:   A  War  Machine  that  has  Undergone  Many  Changes.*      (19) 

Jan.  6. 
.Machine  Guns  by  the  Thousands  :  How  a  Gigantic  Industry  was   Conceived,   Planned 

and    Realized    in    Less    than    a    Year's    Time.*      Austin    C.    Lescarboura.      (46) 

Jan.   13. 
On    the   Mexican   Border  with   the   22d   Engineers :    Drainage — Bridges — Water   Sup- 

p]y__]V[exican   Labor.*      C.   E.   Bregenzer.      (14)      Serial   beginning   Jan.   13. 
Government   Report  on  Munition    Making.      (From    Report  of  Special    Board   to   Sec- 
retary   of    War.)       (20)      Jan.    18. 
The   Question   of  the   Steel  for  Rifle  Barrels.      C.    B.   Langstroth.      (20)      Jan.    18. 

•  Illustrated. 
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Mining. 

Electrical  Experience  at  Collieries.*      Chris.  Jones.      (Paper  read  before  Joint  Meet- 
ing  of   National   Assoc,    of   Colliery    Managers    and    Assoc,    of    Mining    Electrical 

Engrs.)       (22)      Serial   beginning   Dec.    15,    1916. 
Goaf  Packing  at  the  Mohpani  Mines.*     F.   L.   G.   Simpson.      (From  Transactions  of 

Mining    and    Geological    Institute   of    India.)       (57j      Dec.    22,    1916. 
Mineral  Requirements  of  Our  Iron  and  Steel  Industries.      W.  G.  Fearnsides.      (Paper 

read    before   Soc.    of   Engrs.)       (57)      Dec.    22,    1916. 
Non-Ferrous  Metal  Resources  of  the  Empire.     C.  Gilbert  Cullis.      (Abstract  of  paper 

read  before   Soc.   of  Engrs.)       (57)      Dec.   22,    1916. 
Approved   Safety   Lamps    (Mining).*      (57)      Dec.    22,    1916;    (22)    Dec.   22,    1916. 
Electric    Safety   Lamps    in    Mines.      (Discussion   by   the    National    Assoc,    of   Colliery 

Managers,   Yorkshire   Branch.)  .    (22)      Dec.   22,   1916. 
The  "Summerlee"  Visual   Indicator.*      D.   M.   Mowat.      (57)      Dec.   22,   1916. 
The   "Kek"   Mill   for   the   Production    of   Stone   Dust.*      (22)      Dec.    22,    1916. 
Mechanical  Coal  Cutting.      (57)      Dec.  29,  1916. 
The  Weathering  of  Coal.      J.   B.   Porter.      (From   Canadian  Mining  Journal.)      (57) 

Dec.    29,    1916. 
Gas    Analysis    in    Mine    Fires.     George    A.    Burreli    and   Prank    M.    Seibert.      (From 

Coal    Trade    Bulletin.)       (57)      Dec.    29,    1916. 
The  Stresses   in   Cast   Iron   Tubbing  Segments.*      (57)      Dec.   29,    1916. 
Saving  Effected  with  New  and  Modern   Rock  Drills  Over  Obsolete    (Buckeye  Mines 

of   Tonopah).      Letson    Balliet.      (82)      Dec.    30,    1916. 
The    Nature    and    Origin    of    Petroleum    and    Asphalt.     Clifford    Richardson.      (105) 

Jan.    1. 
The   Production   of   Salt    in    Szechuen    Province,    Western    China.*     H.    K.    Richard- 
son.     (105)      Jan.   1. 
The  Iron-Ore  Reserves  of  the  World.     H.   H.  Campbell.      (20)      Jan.  4. 
Roosevelt  Drainage  Tunnel  of  the  Cripple  Creek   District.*      (13)      Jan.   4. 
Coal  and  Its  Economic  Utilization.      (Howard  Lectures.)      John  S.  S.   Brame.      (29) 

Serial  beginning  Jan.  5. 
Specific    Gravity    Studies    in    Coal.     M.    L.    Nebel.      (From    University    of    Illinois 

Bulletin  No.  89.)       (22)      Jan.  5. 
Coal-Cutting  as  Affected  by  Conditions.*     M.  Gunnls.      (Paper  read  before  National 

Assoc,   of   Colliery   Managers.)      (22)      Jan.   5. 
The  Baillieston  Pits  of  the  Mount  Vernon  Colliery  Company.*      (22)      Jan.  5. 
New  Fire  Prevention  Rules  for  Colliery  Brigades.      (22)      Jan.  5. 
Protection   of  Mining  Cables.*      Chris.  Jones.      (22)      Jan.   5. 
The   Movement   of   Mine  Gas   in   Coal    and    Surrounding   Rocks.     M.    N.    Charnitzyn. 

(22)      Jan.     5. 
Latest    Improvements    for   the    Preparation    of    Bituminous    Coal.*      Warren    Roberts. 

(Paper   read    before   West   Virginia   Mining   Institute.)       (45)      Jan.    6. 
Use    of    Permissible    Explosives.      (Extract    of    discussion    before    Mine    Inspectors' 

Institute.)      (45)      Jan.   6. 
The  Iron   Pyrite  Found  in  Coal.*      C.   M.   Young.      (45)      Jan.   6. 
Blackdamp   in   Mines.      G.   A.   Burreli,   I.   W.   Robertson   and   G.   G.   Oberfell.      (From 

United  States  Mines  Bureau  Bulletin  No.  105.)      (57)      Jan.  12. 
Market  and  Shipping  Conditions  on  Atlantic  Coast  in  1916    (Coal).      G.  G.  Wolkins. 

(45)      Jan.    13. 
The  Anthracite   Industry  in  1916.      (45)      Jan.   13. 

Business  Aspects  of  the  Coal  Industry  in  1916.     A.  T.  Shurick.      (45)      Jan.  13. 
Idaho   Placer  Operations    (Placer  Mining).*      Julius  Hornbein.      (16)      Jan.   13. 
Mining  Increasing  in  Oregon.      Henry  W.  Parks.      (16)      Jan.  13. 
Mining   in    Idaho   in    1916.      Robert   N.    Bell.      (16)      Jan.    13. 

Operating  a  Steel-Sharpening  Shop   (For  Mines).     J.  E.  O'Rourke.      (13)      Jan.  18. 
Coal  Cutting  in  Western  Kentucky  Mines.     H.  M.  Ernst.      (Paper  read  before  Ken- 
tucky  Mining   Institute.)       (45)      Jan.   20. 
Coal    Trade    in    Baltimore,    Hampton    Roads,    Detroit,    Buffalo,    Toledo,    Cincinnati, 

Louisville,     Birmingham:     Th«     Middle     West,     Milwaukee,     Southwest.      (45) 

Jan.    20. 
An   Accounting  System  for  Coal    Mines.     R.   J.   Maxwell.      (From   Canadian    Mining 

Institute  Bulletin.)      (45)      Serial  beginning  Jan.  20. 
Filing  Survey  Data  at  Mines.*      R.  S.  Schultz.      ( 16)      Serial  beginning  Jan.   20. 
Mining  in  Utah  in  1916.      Edward  R.  Zalinski.      (16)      Jan.  20. 
Mining  in  Colorado  in  1916.     George  E.  Collins.      (16)      Jan.  20. 
Alaska   Treadwell-Mexican-United    Report    (Gold    Mining).      F.    W.    Bradley.      (From 

Report  of  President.)       (16)      Jan.  20. 
Power    Plant    at    the    Brushy    Mountain    Coal    Mine,    Petros,    Tenn.     A.    W.    Evans. 

(45)      Jan.  27. 
Sub-Aqueous  Mining  of  Anthracite  Coal.      P.  A.   Roche.      (46)      Jan.  27. 
Line    and    Return    Troubles    in    the    Haulage    Systems    of    Coal    Mines.     I.    Rowland 

Brown.      (Paper    read    before    Kentucky    Mining    Institute.)       (45)      Jan.    27. 
Tipple   and    Mining    Methods    at    Hisylvania    Mine   No.    22.*      Wilbur   G.    Burroughs. 

(45)      Jan.   27. 

*  Illustrated. 
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Miscellaneous. 

The  Engineer  and  Public  Service.      Clarence  T.  Johnston.      (4)      Nov.,  1916. 

The  Estimation  of  Carbolic  Acid  in  Crude  Coal — Tar  Phenols.*  Rene  Masse. 
(Paper  read  before  the  Paris  Academy  of  Sciences.)      (66)      Dec.  19,  1916. 

Literature  and   Science  in  Education.      A.  C.   Benson.      (29)      Dec.   22,  1916. 

Industrial  Engineering  :  Present  Position  and  Post-War  Outlook.  F.  W.  Lanchester. 
(Abstract  of  paper  read  before  Junior  Assoc,  of  Engrs.)      (73)      Dec.   22,   1916. 

The   Rowan   Premium    System.      (12)      Dec.   22,    1916. 

Scientific  Research  at  the  Universities.      (12)      Dec.   22,   1916. 

A  Decimal  Money  System.     G.  O.  Parsons.      (73)      Dec.  29.  1916. 

Some  Aspects  of  Recent  High  Pressure  Investigation  (Chemistry).*  John  John- 
ston.     (3)      Jan. 

Education  in  Engineering  (Presidential  Address,  1916).  D.  S.  Jacobus.  (55) 
Jan. 

The  Duty  of  the  Engineer  to  His  Client  and  Himself.  Stewart  A.  Jellett.  (2) 
Jan. 

Adapting   Conditions   and   Worlc  to   Each   Other.      George   H.    Shepard.      (9)      Jan. 

Measuring  the  Worlcman's  Physical  Fitness  for  His  Job.*  Magnus  W.  Alexander. 
(9)      Jan. 

A    Bureau    of    Governmental    Research.      Bruce    Cornwall.      (HI)      Jan.    1. 

Stability  of  ParaflBn  Hydrocarbons.  Gustav  Egloft  and  Robert  J.  Moore.  (105) 
Jan.  1. 

Unit  Method  Used   in   Operating  Plant.*      F.   L.   Prentiss.      (20)      Jan.   4. 

Analyzing  Every-Day  Cost  Records.      E.    Stern.      (101)      Jan.   5. 

The  Claims  of  Labour  in  the  Engineering  Industry.  J.  R.  Richmond.  (Paper  read 
before  Glasgow  University  Eng.  Soc.)       (11)      Jan.  5. 

The    Commercial    Production    of    Hydrogen.      (12)      Jan.    5. 

The  Constructive  Movement  for  Scientific  Cost  Accounting.*  Edward  N.  Hurley. 
(27)      Jan.   6. 

Material    Prices    Reflect    Labor    Conditions.*      Henry    D.    Hammond.      (14)      Jan.    6. 

The  Relation  of  Engineering  Education  to  National  Development.*  A.  E.  Kennelly. 
(27)      Jan.   6. 

Engineer's    Relation   to    Foreign    Expansion.      Charles   A.    Stone.      (14)      Jan.    6. 

Professional   Unity   Among  Engineers.      Gano   Dunn.      (14)      Jan.   6. 

Contractors  Meet  Labor  Shortage  with  More  Plant  and  Better  Organization.* 
Henry  D.  Hammond.      (14)      Jan.  6. 

Problems  in  Rate  Regulation  Accentuated  by  Higher  Operating  Costs.  Halford 
Erickson.      (27)      Jan.     6. 

Welding  Glass  in  Optical  Contact.*  G.  R.  Parker  and  A.  J.  Dalladay.  (Paper 
read   before   Faraday   Soc.)       (11)      Jan.    12. 

Systetms  of  Payment  in  Factories  :  A  Study  of  Their  Needs.  (From  London  Times 
Engineering  Supplement.)       (19)      Jan.  13. 

The  Human  Side  of  the  Development  of  Chemical  Industry.  G.  W.  Thompson. 
(Paper  read  before  Am.  Institute  of  Chemical  Engrs.)  (105)  Serial  begin- 
ning Jan.   15. 

The    Rubber    Situation.     Andrew   H.    King.      (105)      Jan.    15. 

How  Can  the  Engineer  Improve  His  Public  Standing?  F.  W.  Hanna.  (13) 
Jan.   18. 

Depreciation    and    Value    of    Public    Utilities.     Charles    C.    James.      (IS)      Jan.    19. 

Electrolytic    Hydrogen    and    Oxygen    Generation.     L.    V.    Curran.      (16)      Jan.    20. 

The  Chemistry  of  Manganese.  M.  L.  Hartmann.  (Abstract  from  Pahasapa  Quar- 
terly.)     (103)      Jan.   20. 

Value  of  a  Training  in  the  Humanities  for  Engineers.  Nelson  P.  Lewis.  (Paper 
read   before   Am.   Assoc,    for   Advancement   of    Science.)       (96)      Jan.    25. 

Profession  Defined — Wage-Earning  Engineers  Not  Yet  Members.  F.  H.  Newell. 
(Extract  from  paper  read  before  Cleveland  Engineering  Soc.)       (14)      Jan.  27. 

Trench  Construction  Now  Governed  by  "Safety  Orders".  (From  Report  of  Califor- 
nia Industrial   Accident  Commission.)       (14)      Jan.   27. 

Development  in  Chemical  Engineering  Equipment.*  H.  D.  Miles.  (Paper  read 
before  Am.   Institute  of  Chemical  Engrs.)       (105)      Feb.   1. 

L'   Enseignement  Technique  Superieur.      Leon   Guillet.      (32)      Oct.,    1916. 

iMunicipal. 

Brief   Notes   on   the   Public   Works    of   Worthing.*      Frank    Worthing.      (114)      Dec. 

1916. 
Municipal  Light  and  Power  Plant :   Operating  Costs  at  Miles  City,  Montana.      G.   C. 

Pruett.      (60)      Dec,   1916. 
Housing  and  Town  Planning  after  the  War.      Harrison  Barrow.      (Paper  read  before 

the    Town   Planning    Institute.)       (104)      Dec.    29,    1916. 
City   Planning    for    Bridgeport,    Conn.      John    Nolen    and    Frank   B.    Williams.      (60) 

Jan. 
Methods  and  Cost  of  Maintaining  30  Acres  of  Parks  and  Boulevards.*      H.  R.  Ferris. 

(86)      Jan.*3.  •  ^ 

*  Illustrated. 


February,  1917.]     CUKRENT  ENGINEERING  LITERATURE  181 

Mnnicipal.— (Continued). 

Fundamental    Considerations    in   the   Making  of   Plats.      Arthur   H.   Dimock.      (From 

paper   read   before  the   League  of  Washington    Municipalities.)      (86)      Jan.   3; 

(96)      Jan.    11. 
Concrete  Curb  of  Park  Ponds  Uninjured  After  Ten  Years.*     Howard  Lathrop.      (13) 

Jan.   4. 
Urban  Housing  Emergency  Schemes.      (From  Report  of  Committee  to  the  Surveyors' 

Institution.)       (22)      Jan.     5. 
Legal  Obstacles  to  Street  Widening  and  City  Planning.*      Charles  K.   Mohler.      (13) 

Jan.  25. 
La  Cite  Reconstitute.     G.  Espitallier.      (92)      Sept.,   1916. 

Railroads. 

Construction  of  a  Narrow  Gauge   Railway   in   the   Republic   of   Panama.*      Aaron    S. 

Zinn.      (4)      Nov.,    1916. 
Railway  Safety.*      H.  J.  Bell.      (61)      Nov.  20,  1916. 
Highway  Crossing  Accidents — Their  Cause,  and  How  They  can  be  Reduced.      John  S. 

Rockwell.      (Paper  read  before  National  Safety  Council.)       (23)      Dec.  22,  1916. 
Canvassing  for  Traffic  in  India.      Jowala  Prasad  Sinha.      (23)      Dec.  22,  1916. 
Heavy   Swedish   Tank  Locomotive.*      (23)      Dec.   22,    1916. 
Power   Signalling   Installation    at  Flemington,    New    South   Wales.*      (12)      Dec.    22, 

1916;      (23)      Dec.   22,    1916;      (15)      Jan.    12. 
Stresses  in  Locomotive  Crank  Axles.*      (23)      Dec.   29,  1916. 

B'uel   Instruction  Car  on  the  Northern   Pacific   Railway.*      (23)      Dec.   29,    1916. 
Battery-operated    Distant   Signals,    Great   Western    Railway.      (23)      Dec.    29,    1916. 
Protective    Devices    at    Highway    Crossings,    Southern    Pacific    Co.      (18)      Dec.    30, 

1916. 
Retardation    (of  Cars).     John  Younger.      (2)      Jan. 
The  Use  of  Compressed  Air  in   Railroad   Shops.*      (From  paper   read   before  Assoc. 

of   Railway   Electrical   Engrs.)       (25)      Jan.;      (47)      Jan.   19. 
Gasoline  Locomotives  in  Contract  Work.*      (60)      Jan. 
Details    of    4-4-0    Passenger    Engine;    Philadelphia    and    Reading    Railroad.*      (21) 

Jan. 
Practical    Tests    of    Freight    Car    Paint.*      G.    S.    Evans.      (25)      Jan. 
Construction  and  Working  of  Railways  in  South  West  Africa  During  Military  Opera- 
tions  and   Since    Surrender   of   German   Forces.*      W.    W.    Hay.      (Extract    from 

Report  of  Railways  and  Harbours  of  Union  of  South  Africa.)       (21)      Jan. 
Influence  of  Cooling  on   Service  of   Rails.*      P.   H.   Dudley.      (116)      Jan. 
Reclaiming     Scrap     Maintenance     Materials :     Six     Discussions     of     this     Important 

Problem;   Statements  of  Some  of  the  Results  Actually  Secured.*      (87)      Jan. 
Timber   Protection  on   the  Santa   Fe :   A   Description   of   the   Methods  by   Which   the 

Tie   Requirements  of  This   Line  have  been   Reduced  650  000    Per   Year.*      (87) 

Jan. ;      (15)      Jan.   5. 
Recent    Development   in    Railway   Signalling.*      (Ill)      Jan.    1. 
Concrete  Ties  in  Holland.*      (13)      Jan.  4. 
Dispatcher's    Selective-Control    Railway    Signal    System.*     John    B.    Harlow.      (13) 

Jan.  4. 
Suggestions   for   Improving  the  System  of   Station   Accounts,   with   Special   Reference 

to   their   Check  in   Audit  Offices.     A.   P.   Webb.      (23)      Jan.    5. 
The    Electrification    of    the    Pennsylvania    Railroad,    Philadelphia    to    PaoU.*      (23) 

Serial  beginning  Jan.   5. 
Fire    Extinguishers    on    Passenger    Cars.     T.    S.    Potts.      (From    paper    read    before 

Railway  Fire  Prevention  Assoc.)       (15)      Jan.  5. 
A   Standard   Lamp    (Canadian   Pacific  Railroad).*      (15)      Jan.   5. 
60-Ton   Petrol-Electric   Locomotive.*      (23)      Jan.   5. 

British    Locomotive    Design    and    Performance.      (23)      Serial    beginning   Jan.    5. 
Railway    Scrap    or    Salvage.      E.    J.    McVeigh.      (From   paper    read    before   Canadian 

Railway    Club.)       (15)      Jan.    5. 
Washing    Locomotive    Smoke.*      M.    D.    Franey.      (Abstract    of    paper    read    before 

International   Assoc,   for  Prevention  of  Smoke.)       (23)      Jan.   5. 
Some  of  the  Very  Pressing  Transportation   Problems.     Winthrop   M.   Daniels.      (15) 

Jan.   5. 
Settling  for  Destroyed  Cars  Under  1916  M.  C.  B.   Rules.      (18)      Jan.   6. 
The   Mechanical  Firing  of  Locomotives.*     W.   S.   Bartholomew.      (Abstract  of  paper 

read  before  St.   Louis   Railway   Club.)       (18)      Jan.   6. 
Mikado  Type  Locomotives   for  the  Great  Northern   Railway.*      (18)      Jan.   6. 
The   Unit   Steam    Railway    Motor    Car.*      (18)      Jan.    6. 
The    Rectangular    Exhaust    Nozzle.*      D.    R.    MacBain.      (From    paper    read    before 

Central   Railway   Club.)       (18)      Jan.   6. 
Reclamation    of   Metal    Scrap    in    a    Large    Industrial    Plant    (Western    Electric    Co., 

Chicago).     J.     M.     Bateman.      (From     paper     read     before     Am.     Institute    of 

Metals.)       (18)      Jan.   6. 
Willamette    Pacific    Railroad  ;    A    New    Line    Through    the    Coast    Range.*      W.    P. 

Hardesty.      (13)      Jan.    11. 

*  Illustrated. 
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Railroads—  (Continued). 

I'he  Ratho  Disaster    (Edinburgh  and  Glasgow  Main  Line  of  the  North  British  Rail- 
way).*     (23)   Jan.  12;    (12)    Jan.  12. 
Wigan    Railway    Accident     (London    and    Northwestern     R.     R.).*      (23)     Jan.     12; 

(12)    Jan.    12. 
Revision  of  Billing  at  Large  Terminal  Points.      A.  P.  Ottarson.      (Paper  read  before 

Am.   Assoc,  of  Freight  Agents.)       (15)      Jan.   12. 
Italy's   New   and    Better   Railroad   Organization.*      (15)      Jan.    12. 
Analysis  of  Steam  Train  Resistance.*      H.  A.  Houston.      (23)      Jan.  12. 
Railway  Coaches  Equipped  as  Camp   Buildings   for  Lumber  Crew.*      (14)      Jan.    13. 
Water   Treatment   on    the   Missouri    Pacific    Railway.*      (18)      Jan.    13. 
Duplex  Locomotives  on  the  Southern   Railway.*      (18)      Jan.   13. 
Report   on    Safety   Appliance    Inspection.*      H.    W.    Belnap.      (Extracts    from    Report 

of  Division   of  Safety  to   Interstate  Commerce  Commission.)       (18)      Jan.   13. 
Automatic    Train    Control.     H.    W.    Belnap.      (Prom    Annual    Report    of    Division    of 

Safety   to    Interstate   Commerce   Commission.)       (18)      Jan.    13. 
Timber   Treating    Plant    of    the    Boston    Elevated    Railway.*      E.    W.    Bright.      (18) 

Jan.    13. 
A  Proposed  Highway  Tunnel  Beneath  the  Hudson  River.*      (46)      Jan.  13. 
Steam     Railroad    Electrification.      J.     A.     Shaw.      (Abstract    of    paper     read     before 

Canadian   Railway    Club.)       (86)      Jan.    17. 
Driving  a  River  Tunnel   Through  a   Mixed   Face  of   Earth   and   Rock.*      Clifford   M. 

Holland.      (From  PiiUic  Service  Record.)       (86)    Jan.   17;    (18)    Dec.  30,   1916. 
The    First    Steam    Railroad    Appraisal    by   the    Illinois    Public    Utilities    Commission. 

(From  State  Public  Utilities  Commission  of  Illinois  Bulletin.)       (86)      Jan.   17. 
Car  Inspection  a  Vital  Factor  in  Operation.     Hiram  W.  Belnap.      (From  paper  read 

before  Central  Railway  Club.)      (15)      Jan.   19. 
Reinforced    Concrete    Coaling    Stations    on    the    St.    Louis-San    Francisco    Railway.* 

(18)      Jan.   20. 
Housing    of    Better-Class    Railroad    Gangs    Needs    More    Attention.*      J.    T.    Bowser. 

(14)      Jan.    20. 
The   Railway   Problem :   The   Unsatisfactory   Situation   To-day   Largely   Due  to   Com- 
mon    Misapprehensions     with     Respect     to     Railway     Questions.     Frederic     A. 

Delano.      (Paper  read  before  Railway  Business  Assoc.)       (18)      Jan.   20. 
Huge  Chicago   Freight   Station   for   Pennsylvania  Lines.*      (13)      Jan.   25. 
Car  Derricks  for  Handling  Rails,   Pipe  and  Timbers.*      (13)      Jan.   25. 
The    Maintenance    of    Electric    Locomotives :    Methods    used    on    the    New    Haven    to 

Secure   Maximum    Service   from    Its    Electrical    Equipment.*      (15)      Jan.    26. 
Virginian   Triplex    Type   Pusher   Locomotive.*      (15)    Jan.    26;    (18)    Jan.    27. 
Louisville   &   Nashville    Extends   Absolute-Permissive   Signaling.*      (15)      Jan.    26. 
Kansas  City   Southern   Protests  Against  Tentative  Valuation.      (15)      Jan.   26. 
Reinforced    Concrete    Successful    for    Railroad    Culverts.*      Joseph    S.    Lambie.      (14) 

Jan.   27. 
Grouping   of   Ties   for   Treatment.*      Carlile    P.    Winslow.      (Abstract   of   paper    read 

before  Am.  Wood  Preservers'  Assoc.)   •  (18)      Jan.   27. 
I.,ocomotive  Weighing  Scales.*     A.  W.  Thompson.      (From  General  Electric  Rieview.) 

(18)      Jan.    27. 
Treated    Wood    for    Ties    and    Paving.      (From    Report    to    Am.    Wood    Preservers' 

Assoc.)       (17)      Jan.   27. 
Energetische   Koeffizienten   der  virtuellen    Lange   von   Bahnen,    inbesondere  bei    elek- 

trischem    Betrieb.     W.    Kummer.      (107)      Dec.    16,    1916. 

Railroads,  Street. 

How  the  Car  Doors  of  the   New  York  Municipal   Railway   are   Operated.*     Herbert 

T.  Wade.      (46)      Jan.  6. 
Soldered  Bonds  Reinstalled  at  Low  Cost.*      W.   H.  Evans.      (17)      Jan.   6. 
A    Combination    Snowplow    for    City    and    Interurban    Use.*      R.    A.    Wilson.      (17) 

Jan.    6. 
Rail   Fillers  and  Key  Blocks   Prolong  Special  Work  Life   in  New  York  City.*      (17) 

Jan.   6. 
"Straight-Talk"  Publicity  (Illinois  Traction  System).*      E.  E.  Soules.      (17)      Jan.  6. 
Special  Ideas  in  Publicity  Work   (Kansas  City  Railways  Company).*      E.  B.  Atchley. 

(17)      Jan.    6. 
Publicity    Pays     (Georgia    Railway    &    Power    Company).*     W.    T.    Waters.      (17) 

Jan.   6. 
A  Public  Relations  Department  (Mahoning  &  Shenango  Railway  &  LighJ,  Company.)* 

Frank    Wert.      (17)      Jan.    6. 
Advertising  the  Twin  City  Lines.*      A.  W.  Warnock.      (17)      Jan.   6. 
The  Technique  of   Publicity    (For   St.   Railroads).*      Ivy   L.    Lee.      (17)      Jan.    6. 
Street  Railway   Advertising:   When,   How  and   Why    (Milwaukee  Electric   Railway  & 

Light    Company).*      Frank   Putnam.      (17)      Jan.    6. 
Unit   Costs  of   Construction   for  Permanent   Way.      H.   W.   Hayes.      (From   Report   to 

Massachusetts   Public   Service   Commission.)      (17)      Jan.    13. 

*  Illustrated. 
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Railroads.  Street~( Continued). 

Build  Concrete  Slab  Under  Busy  Railroad  Station  to  Expedite  Subway  Construction  : 
Long  Island  Railroad  Underpins  Flatbush  Terminal  Below  Track  Level  by  Con- 
structing  Heavy   Slab   in   Sections.*      (14)      Jan.   13. 

Old  Cars  Remodeled  at  Portland,  Maine.*      (17)      Jan.  20. 

Cost  of  Erecting  Overhead  Work.*      (17)      Serial   beginning  Jan.   20. 

Maintaining  a  Continuous   Property   Inventory.      Harold   Bates.      (17)      Jan.   20. 

Locating  Trolley  Wires  and  Hangers.*      R.  Fingado.      (17)      Jan.  20. 

Economical  Car  Lighting  (Washington-Virginia  Railway).*  W.  A.  Armstrong,  Jr. 
(17)      Jan.  27. 

Effect  of  Low  Voltage  on  Railway  Motors.*  G.  M.  Woods.  (Paper  read  before 
niinois  Electric  Railway  Assoc.)       (17)      Jan.  27. 

How  Construction  Materials  Are  Stored  and  Handled  in  San  Francisco  (United  Rail- 
roads).*     B.  P.  Legare.      (17)      Jan.  27. 

Handling  Way  Materials  Economically  (Kansas  City  Railways).*  A.  E.  Harvey. 
(17)      Jan.  27. 

Roads  and  Pavements. 

The  Design  of  Stone  Block  Pavements.      Charles  Carroll   Brown.      (60)      Dec,  1916. 
The  Highway  Situation  in  Maine.*      Irwin  W.  Barbour.      (36)      Dec,   1916. 
New  Paving  Scheme  in  Georgia.*      J.  B.  Ansley.      (60)      Dec,  1916. 
Efficiency  and  Economy  in  Road  Construction.     W.  H.  Reed.      (60)      Dec,  1916. 
Slipperiness  Test  Pavements.      (From  Report  to  State  Highway  Commission  of  Mas- 
sachusetts.)      (13)      Dec.  21,  1916. 
Traffic  Census  and   Pavement  Maintenance :   A  Study  of  Their   Relations.      Harry  F. 

Harris.      (60)      Jan. 
The  Construction  and  Maintenance  of   Stone  Block  Pavements.*      R.  Keith  Compton. 

(60)      Jan. 
The  Asphalt  Industry.*      (From  an  interview  with  James  L.   Rake.)       (2)      Jan. 
Labor  Costs  of  Laying  Curved  Granite  Curbs  at  Street  Intersections.*      H.  R.  Ferris. 

(86)      Jan.  3. 
Porous   Tile    in    Sub-Surface   Drainage.      W.    F.    Childs,    Jr.      (Abstract   of    paper    in 

Cornell  Civil  Engineer.)       (86)      Jan.  3. 
Gravel  Road  Construction  in  Iowa.      (86)      Jan.  3. 
Gravel  Road  Construction  and  Maintenance  in  Wisconsin.    J.  T.  Donaghey.     (Abstract 

of  paper  read  before  Northwestern  Road  Congress.)       (86)  Jan.  3;   (14)   Jan.  20. 
Road   Building    in    Kane   County,    Illinois,    with    County   Outfits.*      George    N.    Lamb. 

(86)      Jan.  3. 
Cost  of  Hauling  and  Spreading  Gravel  with  Motor  Trucks.      (86)      Jan.  3. 
Experimental    Oil-Limestone    and    Sand    Asphalt    Road    Constructed    at    Ocala,    Fla. 

(From  Professional  Paper  issued  by   the  U.    S.   Office  of   Public   Roads.)       (86) 

Jan.  3. 
Federal   Participation   in   Road   Work.     James  T.  Voshell.      (Abstract  of  paper   read 

before  Northwestern  Road  Congress.)       (86)      Jan.  3. 
Concentration  of  Traffic  on  Highways.     Frederick  A.   Reimer.      (Abstract  of  Report 

of  County  Engineer.)       (86)      Jan.  3. 
Detailed  Cost  of  Surfacing  Highway  with  Caliche.*      (86)      Jan.  3. 
Steel  Plate  Surfaced  Pavement.*      (86)      Jan.  3. 
Suggestions  on   Maintaining  Concrete  Roads  and  Streets.      (From  Circular  issued  by 

Portland  Cement  Assoc.)       (86)      Jan.  3. 
Maintenance  Costs  of  Concrete  Roads  in  Illinois.      (86)      Jan.  3. 
Paving  Equipment  for  Cuba.*      (86)      Jan.  3. 

Bituminous  Sand-Grout  Pavement   (Specifications).     J.  A.  Brodie.      (96)      Jan.  4. 
Hudson  River  Road  Built  on  Mountain  Side.*      Eugene  Geduldiger.      (13)      Jan.  4. 
Rebuilding  with   Permanent   Surface   Old   Macadam   Roadways.      Charles   A.   Carruth. 

(13)      Jan.  4. 
Road    Material    Surveys.*      L.    Reinecke.      (From   Memoir    85    of   the    Department    of 

Mines,  Ottawa.)       (96)      Jan.  4. 
Making  a  Success  of  Road  Contracting.     H.  Eltinge  Breed.      (14)      Jan.  6. 
Success  in  Earth-Road  Contracting.      W.  S.  Keller.      (14)      Jan.  6. 
The  Motor  Truck  and  the  Road.      Nelson  P.  Lewis.      (14)      Jan.  6. 
Influence  of  Federal-Aid  Road  Law  on  Highway  Development.     A.  B.  Fletcher.      (14) 

Jan.  6. 
Rebuilding   with    Permanent   Surface    Old    Macadam    Roadways.     Theron    M.    Ripley. 

(13)      Jan.   11. 
Some    Advantages    of    Refined    Coal    Tar    for    Road    Construction    and    Maintenance. 

Philip   P.  Sharpies.      (Abstract  of  paper  read  before  Am.  Assoc,  of  State  High- 
way Officials.)       (96)      Jan.  11. 
Oiled  Road   Through  Mojave  Desert   Built  for  $950   per  Mile.*      J.   S.   Bright.      (14) 

Jan.  13. 
Portage   Avenue  Improvement,   Edmonton  :   Description   Covering  Three  Years'   Work 

on  a  Western   Thoroughfare — Construction   Methods.*     C.   C.  Sutherland.      (96) 

Jan.   18. 
Road  Construction  at  Camp  Borden.*      R.  T.  Bell.      (96)      Jan.  18. 
Paving  Alley  Returns  in  Chicago.*      (13)      Jan.  18. 

*  Illustrated. 
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Roads  and  Pavements     (Continued). 

BulUHng  au  S-In.  Macadam  Pavement  with  a  Tar  and  Gravel  Top.*  Henry  Marshall 
Olmstead.      (13)      Jan.   25. 

Causes  of  Cracks  in  Cement  Concrete  Pavements.  A.  T.  Goldbeck.  (Paper  read 
before  Am.  Assoc,  for  Advancement  of  Science.)       (96)      Jan.  25. 

Limitations  of  Field  and  Laboratory  Work  in  Highway  Engineering  in  Civil  Engineer- 
ing Curricula.  C.  S.  Farnum.  (Paper  read  before  Am.  Assoc,  for  Advance- 
ment of  Science.)       (96)      Jan.  25. 

Gives  Instructions  on  Care  of  Earth  Roads  in  Winter.  Frank  T.  Sheets.  (From 
Illinois   Highways.)      (14)      Jan.   27. 

Build  Philippine  Roads  in  Seven  Years  at  Half  Estimated  Cost.      (14)      Jan.  27. 

Resurface  Water-Bound  Macadam  with  Asphalt  Macadam.*      (14)      Jan.   27. 

Prepares  Maps  to  Help  Road  Contractors  in  Bidding  (Cook  County,  Illinois,  High- 
way Department).*      (14)      Jan.  27. 

Etude  sur  le  Profil  en  Travers  des  Chaussees  de  Paris.*  Louis  Girard.  (43) 
July,  1916. 

Sanitation. 

The  Garbage  Dispo.sal.      F.  E.  Young.      (60)      Dec,  1916. 

Segmental  Block  Sewers.*      J.  F.  Springer.      (60)      Dec,  1916. 

Pumping  Station  and  Sewage  Disposal  Plant,  Warren,  R.   I.*      (60)      Dec,  1916. 

Can   Explosives  be  Made  at  Sewage  Works?     S.   Rideal.      (Paper  read  before  Assoc 

of  Managers  of  Sewage  Disposal  Works.)       (104)      Dec.  22,  1916. 
Description  of  Barton   Hill   Baths,    Bristol.*      H.   W.   Harding.      (114)      Jan. 
Catch-Basin  Construction  and  Maintenance   (Discussion).*      (109)      Jan. 
Notes   on   the  Eastville  Refuse  Destructor,   Bristol,   Eng.*      A.  H.   Claypoole.      (114) 

Jan. 
Transporting  a  City's  Garbage.      Felix  J.  Koch.      (108)      Jan. 
The  Mill  Creek  Sewer :   Tunnel   Construction   on   the  Great  St.   Louis  Drain.*      E.   J. 

Rossback.      (60)      Jan. 
Dutch-Oven    Garbage    Incinerators,    Mason    City,    Iowa.      Robert    F.    Gayton.      (13) 

Jan.   4. 
Activated-Sludge  Power   Costs.*      Gustav   J.   Requardt.      (13)      Jan.   4. 
Small   Sewer  Tunnel  Makes  Rapid  Progress  by  Shield  'Work.      (13)      Jan.  4. 
Japanese  Public  Bath  House  Arrangement.*      (101)      Jan.  5. 
Estimating  Quantities  in  Plumbing  Work.*      (101)      Jan.  5. 

A  New  Type  of  Trickling  Filter.*      G.  G.   Nasmith.      (From  Journal  of   Royal   Sani- 
tary Institute.)       (104)      Jan.  5. 
A  Recirculation  Trunk  Line  Furnace  Plant.*      (101)      Jan.  5. 
How  Steam  Heating  Requirements  are  Figured.*      (101)      Jan.   5. 
Sanitation  in  a  Bridgeport  Munitions   Plant.*      (101)      Jan.   5. 
Activated-Sludge    Process    of    Sewage    Disposal    Firmly    Established.     T.     Ohalkley 

Hatton.      (14)      Jan.   6. 
The   Municipality   in    Industrial    Hygiene.     Louis   I.    Harris.      (From   Annual   Report 

of  Division  of  Industrial  Hygiene  read  before  Am.  Public  Health  Assoc.)       (19) 

Jan.   6. 
The  Sterilization  of  Tannery  Waste.      D.  D.  Jackson  and   A.   M.   Buswell.      (Abstract 

of  paper  read  before  Am.  Assoc,  for  Advancement  of  Science.)  (86)  Jan.  10. 
Sewage  Flow  Measurements,  Austin,  Texas.  Julian  Montgomery.  (13)  Jan.  11. 
Evolution  of  Warm-Air  Heating  Systems  :   A  Historical   Review  of  the   Development 

of    Warm-Air    Furnace    Equipment    in    European    Countries.      Herman    Vetter. 

(Abstract  of  paper  from  Gesundheits-lngenieur.)       (101)      Jan.  12. 
Prof.   Whipple  Reports  on  New  York's  Proposed   Garbage-Reduction  Works.     George 

C.   Whipple.      (From  Report  to  New  York  State  Department  of  Health.)       (14) 

Jan.  13. 
Results    Given    for    Field    Tests    of    Reinforced-Concrete    Pipe     (Storm- Water    Sewer 

Pipe  at  Winnetka,  111.)      J.  T.  Child.      (14)      Jan.  13. 
Manufactured  Gas   for  Heating  Houses.*      F.   R.   Hutchinson.      (83)      Jan.   15. 
Studies    of    Dredged    Drainage    Ditches    Before    and    After    Clearing.*     Charles    E. 

Ramser.      (13)      Jan.   18. 
Travis    Tank    and    Sprinkling    Sewage    Filters,    Paqueta    Island,    Rio    de    Janeiro.* 

Charles  J.  Seiber.      (13)      Jan.  18.  • 

Some    Notes    on    Warm    Air    Furnace    Heating.     Jesse    M.    McHenry.      (Paper    read 

before  Am.  Soc  of  Heating  and  Ventilating  Engrs.)       (101)      Jan.  19. 
Fuels  and  the  Economics  of  House  Heating.*      (101)      Jan.   19. 
Engineers  Guide  Sewage-Disposal  Inspection  Trip.      (14)      Jan.  20. 
Harrisonburg  Imhoff  Tanks.*      William  G.  Myers.      (13)      Jan.  25. 
Nitrogen   from  Sewage.      S.   Rideal.      (Abstract  of  paper  read  before  Assoc,   of  Man- 
agers of  Sewage  Disposal  Works.)       (96)      Jan.   25. 
Two  Sewers  Laid  in  One  Trench  (Ann  Arbor,  Mich).*      Manly  Osgood     (14)    Jan.  27. 
Cave  Over  Mine  Complicates  City's  Sewerage  Problem   (Iron  Mountain,  Mich.).     (14) 

Jan.  27. 
Utilization  of  Lumber  Mill  Waste.*      R.   L.  Watts.      (64)      Jan.   30. 


*  Illustrated. 
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Sanitation-  (Continued). 

Mains   Artificielles   pour  Amput§s  ;    Ideal   St.  R6allser   au   Point  de   Vue  Chlrurglcal.* 

(33)      Dec.  30,   1916. 
Das  Zusammenarbeiten  von  Arzt  und  Ingenieur  in  der  Priifstelle  fiir  Ersatzglieder.* 

G.   Schlesinger.      (48)      Nov.   1],   1916. 

Structural. 

Design   of  Steel  and  Reinforced  Concrete  Domes.*      C.   S.   Whitney.      (Abstract  from 

Master's    Thesis,    191.5.)       (36)      Dec,    1916. 
The  Pyrene  Fire  Extinguisher.*      (II)      Dec.  29,   1916. 
Pile    Driving    and    the    Supporting    Power    of    Piles.*      Henry    Adams.      (Paper    read 

before   Concrete  Institute.)       (104)      Dec.   29,    1916. 
Density   in   Concrete.      (67)      Jan. 
Concrete    Surfaces.*      (67)      Jan. 
Concreting  in  Cold  Weather.      (67)      Jan. 

The  Strength  of  Bolted  Joints  of  Timber  Work.*      (21)      Jan. 
Screens  for  Gravel  Washing  and  Screening.*      Arthur  F.  Kretzer.      (67)      Jan. 
Drag  Line  Plant  Transformed  into  a  Washery.*      (67)      Jan. 
Ottawa   Stone   and   Sand  Co.   Erecting   New   Plant.*      (67)      Jan. 
Notes     on     Preservation     of    Wood — Some     Microscopical     Features.*      James     Scott. 

(21)      Jan. 
Heating  Concrete  in  the  Drum  with  an  Oil  Burner.*      (86)      Jan.   3. 
Column   Sections  Quickly  Found  by  Novel   Diagram.*      H.  G.  Nevitt.      (13)      Jan.  4. 
Placing  Ornamental  Concrete  on  Steel  Frames.*      Harry  L.  Dlyn.      (13)      Jan.  4. 
Recommended    Specifications    for    Reinforced    Concrete    Design.      (From    Report    to 

Portland   Cement  Assoc.)       (96)      Jan.   4. 
Taking  Care  of  the  Water  from  Roofs.*      (101)      Jan.  5. 
Woolworth    Building,     New    York.*      Frank    W.     Skinner.      (11)      Serial     beginning 

Jan.  5. 
Pouring  Concrete   in   Zero  Weather.*      O.   P.   Geyer.      (46)      Jan.   6. 
No    Rust    in    Galvanized    Steel    Tower    at    Iloilo    After    12    Years.*      J.    L.    Harrison. 

(14)      Jan.    6. 
Built-Up  Sections  of  Redwood  Forms  Used  Repeatedly.*      (14)      Jan.  6. 
Adding  Three    Stories   to   Engineering   Societies   Building.*      (13)      Jan.    11. 
Quartz-Gravel    Aggregate   Main    Cause   of   Fire    Damage    to    Concrete    Building.      Ira 

H.   Woolson.      (From   Report   to    National    Board    of   Fire   Underwriters.)       (13) 

Jan.  11;    (14)   Jan.  20. 
Concrete  Piles  Not  Affected  by  Deep  Foundations  Sunk  Alongside.*      (13)      Jan.  11. 
Lightning   Rods   as   a    Protection   to    Buildings.      W.    H.    Day.      (Extract   from    paper 

read  before  Ontario  Agricultural  College.)  (101)  Jan.  12. 
Prevention  of  Vibration  in  an  Apartment  House.*  (64)  Jan.  2. 
Bolted    Timber    Joints.*      William    Alexander.      (Paper    read    before    South    African 

Institution   of  Engrs.)      (47)      Jan.   12. 
Gravel  Dipping:   An  Opportunity  for  Small  Contractors.*      (86)      Jan.    17. 
Analysis    of    Chicago    By-Law    for    Flat    Slabs     (Building    Construction).     William 

Worth   Pearse.      (96)      Jan.   18. 
Nonflreproof   Institutional    Buildings    in    New    York   City    Made   Safe   Against   Fire.* 

(13)  Jan.  18. 

A    Graphic    Method    of    Determining    Centre    of    Gravity    and    Moment    of    Inertia.* 

H.   B.  Wrigley.      (96)      Jan.  18. 
Architecture   and   the   Grand   Stand.*      C.   V.    Johnson.      (96)      Jan.    18. 
Red  Lead  Paints  for  Metal   Surfaces.      G.  W.  Thompson.      (101)      Jan.  19. 
Concrete   Adapted   to    Storage    and    Industrial    Uses.     J.    E.   Freeman.      (Abstract   of 

paper   read   before   Portland    Cement   Assoc.)       (14)      Jan.    20. 
Removing    Concrete   Foundations.*      H.    G.    Burrill.      (64)      Jan.    23. 
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UNUSUAL  COFFER-DAM 
FOR  1  000-FOOT  PIER,  NEW  YORK  CITY 


Bv  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  March  7th,  1917. 


Synopsis. 

This  paper  is  descriptive  of  the  design  and  construction  of  a  steel 
sheet-pile  coffer-dam  of  unusual  type;  and,  so  far  as  known,  it  is  the 
highest  on  record. 

In  outline  the  coffer-dam  is  a  cellular  steel  sheet-pile  structure, 
designed  for  a  pressure  head,  of  soft  mud  and  water,  of  about  65  ft., 
having  the  cellular  spaces  filled  with  earth  and  clay  to  form  the  water 
seal,  and  held  against  the  external  pressure  by  an  embankment  of 
rip-rap  or  broken  rock.  All  the  steel  sheet-piling  forming  the  cellular 
spaces  or  "pockets"  is  in  single  pieces,  many  of  which  are  more  than 
70  ft.  long. 


Descriptive  and  Historical. 
On  the  refusal  of  the  Secretary  of  War  to  grant  any  further  exten- 
sion of  the  pierhead  line  in  the  Chelsea  District,  thereby  preventing 
permanent  additions  to  the  present  piers  and  thus  making  it  impossible 
to  dock  the  new  large  transatlantic  liners — more  than  900  ft.  long — at 
that  locality,  the  City  of  New  York  was  obliged  to  secure  another  site 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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which  would  permit  the  construction  of  piers  long  enough  for  such 
vessels;  and  on  April  10th,  1913,  the  Commissioner  of  Docks,  Mr. 
R.  A.  C.  Smith,  presented  a  plan  providing  for  a  pier  150  ft.  wide, 
at  the  foot  of  West  46th  Street,  extending  1  000  ft.  inshore  from  the 
established  pierhead  line,  and  a  half-pier  at  the  foot  of  West  44th 
Street,  with  a  slip  room  of  360  ft.  between  them,  and  a  temporary 
slip,  on  the  north  side  of  the  West  46th  Street  pier,  237  ft.  6  in.  wide. 
This  plan  was  adopted  by  the  Commissioners  of  the  Sinking  Fund  on 
April  30th,  1913,  and  steps  were  immediately  taken  to  acquire  the 
necessary  property. 

It  was  apparent  from  the  general  configuration  of  Manhattan 
Island  in  this  vicinity  that  rock  would  be  encountered  over  the  inshore 
portion  of  the  site  of  the  proposed  pier  and  slips.  This  rock  surface 
was  developed  inshore  from  the  existing  bulkheads  by  wash-borings, 
and  outshore  from  the  bulkheads  in  the  then  existing  slips  by  shod 
test  piles.  The  development  over  the  entire  pier  site  out  to  the  pier- 
head line,  by  these  means  and  the  usual  test  piles,  indicated  that  the 
character  of  the  river  bottom  varied  from  rock  at  an  average  depth 
of  about  20  ft.  below  mean  low  water  at  the  inshore  end  to  a  very  soft 
mud  at  the  outshore  end,  where  it  would  be  necessary  to  use  fully 
lagged  piles,  from  85  to  89  ft.  long. 

In  order  to  make  proper  depth  of  water  for  the  giant  liners,  drawing, 
when  loaded,  about  38  ft.,  it  was  determined  to  provide  for  a  depth 
in  the  slips  of  44  ft.  below  mean  low  water,  as  records  show  that 
extreme  low  water  has  occurred  4  ft.  below  mean  low  water,  and  it 
was  decided  that  there  should  be  a  clearance  of  at  least  2  ft.  between 
the  ship's  keel  and  the  bottom  of  the  slip,  especially  in  that  portion 
where  rock  forms  the  floor  of  the  slip. 

The  sub-surface  conditions  thus  developed  and  the  decision  to 
secure  a  depth  of  44  ft.  below  mean  low  water  in  the  slips  plainly 
indicated  the  necessity  for  adopting  a  type  of  pier  which  would  reduce 
to  a  minimum  the  quantity  of  submarine  work  to  be  done,  and  a 
method  of  procedure  which  would  insure  safe,  workmanlike,  and 
'^.conomical  construction.  Accordingly,  a  solid  filled  type  was  adopted 
for  the  inshore  portion,  about  220  ft.  long,  consisting  of  concrete 
retaining  walls,  to  retain  the  filling  and  provide  wharfage  face,  founded 
on  bed-rock,  thus  utilizing  the  rock  bottom  over  this  portion  of  the 
pier  area. 
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Holland  American 
North  German  Lloyd 
Hamburg  American 


-Pierhead  Line  approved  by  Secretary  of  War  March  2ud  1897 

DETAILED  LAYOUT 
WEST  46th  STREET  IMPROVEMENT 
FOR  LONG  STEAMSHIP   PIERS 
Fig.  1. 
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The  larger  quantity  of  rock  excavation  necessary  with  submarine 
blasting  over  that  within  the  coffer-dam,  in  order  to  make  certain 
that  the  excavation  would  be  carried  to  the  lines  and  grades  required; 
the  advantage  of  being  able  to  control  the  surfacing  of  the  rock  for 
the  pier  and  slip  walls,  and  to  prepare  the  rock  surface  for  the 
foundation  of  these  walls;  and  the  desirability  of  building  these  walls 
"in  air";  all  indicated  the  wisdom  of  prosecuting  the  work  within 
a  coffer-dam  to  be  built  so  as  to  enclose  the  entire  site  of  the  work, 
extending  from  the  center  line  of  West  44th  Street  northward  to  the 
center  line  of  West  47th  Street,  a  distance  of  780  ft. 

Design. 

Having  decided  on  the  coffer-dam  method  of  construction,  the  type 
to  be  used  was  made  the  subject  of  careful  consideration.  The  area 
to  be  enclosed  prohibited  the  use  of  bracing,  and  the  unbraced  steel 
sheet-pile  type  of  coffer-dam  was  naturally  suggested.  Ooffer-dams 
of  this  type  had  been  used  previously  by  the  United  States  Govern- 
ment, at  Black  Rock  and  at  Havana.  There  it  was  expected  that 
the  filling  within  the  pockets  would  make  them  stable  against  the 
external  pressure,  unaided,  but  in  both  cases  it  was  found  necessary 
to  place  an  embankment  of  stone  against  the  pockets,  and  in  the 
case  at  Havana,  extensive  bracing  to  the  Maine  was  also  placed,  in 
order  to  stop  the  continuous  inward  movement  of  the  coffer-dam. 

In  a  coffer-dam  of  this  type  the  internal  frictional  resistance 
of  the  filling  takes  the  place  of  the  cohesion  in  a  solid,  and  analysis 
would  show  that,  with  material  having  a  natural  slope  of  not  more 
than  3  to  1,  failure  would  occur  in  vertical  as  well  as  horizontal  shear, 
though  the  resultant  passes  through  the  middle  third  of  the  base. 

The  material  overlying  the  rock  at  West  46th  Street  is  a  clayey 
mud,  the  natural  slope  of  which  is  probably  not  as  good  as  3  to  1, 
thus  prohibiting  its  use  to  obtain  stability. 

It  had  been  decided  to  dredge  over  the  site  of  the  coffer-dam  to 
30  ft.  below  mean  low  water,  leaving  the  remaining  material  to  furnish 
support  for  the  sheet-piles.  The  difficulty  of  removing  the  material 
from  within  the  pockets  and  substituting  better,  as  well  as  the  greater 
cost  of  a  coffer-dam  of  this  tyi^e,  due  to  the  larger  quantity  of  steel 
sheet-piling  required,  led  to  the  adoption  of  the  type  shown  by  Fig.  2. 
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It  should  be  noted  that,-  where  no  embankment  is  placed  against 
the  pockets,  the  sheet-piles  will  be  subjected  to  the  pressure  of  the 
entire  depth  of  filling  at  all  times,  and  as  the  water  after  pumping 
may  be  expected  to  remain  in  these  pockets  for  at  least  one-half  their 
depth,  if  not  more,  as  was  the  case  at  Havana,  these  sheet-piles  will 
also  be  subjected  to  this  hydrostatic  pressure,  necessitating  a  closer 
spacing  of  the  diaphragms  than  where  embankments  are  used. 


PLAN  OF  SHEET-PILE  POCKETS 
Fig.  2. 

In  the  type  of  coffer-dam  adopted,  the  sheet-pile  pockets  are  used 
merely  as  a  water  seal,  being  supported  against  the  external  hydro- 
static pressure  by  an  embankment  of  rip-rap  inside,  and  against  the 
pressure  of  the  rip-rap,  during  construction  and  before  pumping,  by 
a  smaller  embankment  of  earth  outside. 
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This  type  of  coffer-dam  was  adhered  to,  except  along  the  crib  bulk- 
head at  West  47th  Street,  where,  in  place  of  the  sheet-pile  pockets,  a 
single  line  of  steel  sheet-piling  was  driven,  with  an  embankment  of 
rip-rap  in  front,  the  space  between  the  sheet-piles  and  the  crib  being- 
filled  with  earth.  Also,  because  of  the  limited  space  between  the 
inner  end  of  the  West  44th  Street  Pier  and  the  —  44-ft.  rock  contour 
line,  two  large  cylinders  filled  with  rip-rap  were  substituted  for  the 
pockets  and  embankment  at  this  point.  The  only  leaks,  as  described 
later,  were  encountered  at  these  two  places. 


Pockets  6  and  22  were  made  12  ft.  wide  and  provided  with  sluice- 
ways at  a  grade  of  1  ft.  below  mean  low  water.  These  were  put  in 
chiefly  to  maintain  the  water  at  the  same  level  on  both  sides  of  the 
coffer-dam  during  the  construction  of  the  closing  pockets,  thus  avoiding 
any  unbalanced  pressure   due  to   changes  of  tide  before  the  placing 
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of  the  rip-rap  embankment,  and  also  to  let  the  water  into  the  coffer 
after  the  completion  of  the  excavation  and  construction. 
The  specifications  called  for  the  following: 

"The  steel  sheet-piling  shall  be  rolled,  interlocking  sheet-piling 
similar  and  equal  to  that  manufactured  by  the  Carnegie  Steel  Com- 
pany, type  M-104,  |-in.  web,  and  weighing  38  lb.  per  lin.  ft.,  or  that 
manufactured  by  the  Lackawanna  Steel  Company,  f-in.,  straight  web 


Eej  to  extend  for 
full  height  of  TTftlL 


'-^P^^ 


_3  pi  J  tar.  paper  secured  to 

-  end  ol  wall  by  a  mopping 

-  of  asphaltio  cement. 


HORIZONTAL  SECTION  AT  VERTICAL 
JOINTS  OF  PIER  AND  SLIP  WALLS 


Arerage  wall  Sect, 


TYPICAL  CROSS-SECTIONS  OF 
PIER  AND  SLIP  WALLS 


Fig.   4. 


section,  and  weighing  37.2  lb.  per  lin.  ft.,  or  that  manufactured  by 
the  Jones  and  Laughlin  Steel  Company,  12-in.,  special  I-beam  section, 
and  5-in.  locking  bar,  weighing,  together,  36.1  lb.  per  lin.  ft.,  and 
shall  develop  a  tensional  strength  in  the  interlock  between  two  adjacent 
piles,  when  tested  on  pieces  about  3  in.  long,  of  not  less  than  9  500  lb. 
per  lin.  in." 

.  The  contractor  selected  the  type  made  by  the  Lackawanna   Steel 
Company,   shown   on   Fig.    2,    which   proved   very   satisfactory.      The 
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three-way  connection  pile  used  at  the  intersection  of  the  transverse 
and  outer  walls  of  sheet-piling  weighed  about  85  lb.  per  ft. 

Stresses  in  Sheet-Pile  Walls  of  Pockets. 
Due  to  the  pressure  of  the  retained  filling,  the  sheet-piles  are  all 
in  tension  transversely.  Their  resistance  to  this  tension  is  limited 
by  the  strength  of  the  interlock,  which  tests  show  will  exceed  9  000  lb. 
per  lin.  in.  When  the  filling  is  done  in  a  proper  manner,  the  pressures 
from  each  side  of  the  transverse  walls  will  balance  each  other,  and 
the  tension  will  be  entirely  due  to  the  pressure  against  the  longitudinal 
sheet-pile  walls. 

p  d 

'  =  TI' 

where  t  =  the  tension,  in  pounds  per  linear  inch,  in  the  transverse  walls ; 
p  =  the  pressure,  in  pounds  per  square  foot,  against  the  longi- 
tudinal walls  at  the  level  considered;  and 
d  =  the  distance  between  the  transverse  walls,  in  feet. 

The  longitudinal  sheet-pile  walls  are  arcs  of  a  circle,  and,  assuming 

them  to  be  subjected  to  a  radial  pressure  from  the  filling,  the  tension 

per  linear  inch  is : 

_p  R 
^1  —  3^  1 

where  B  is  the  radius,  and  t^^=  t  where  R  ^  d. 

The  original  plan  required  the  pockets  to  be  filled  with  the  material 
remaining  on  their  inshore  sides  after  dredging.  It  was  considered 
possible,  therefore,  that  they  might  be  entirely  filled  before  .depositing 
the  rip-rap  embankment.  In  this  case  the  sheet-piles  would  be  sub- 
jected to  the  pressure  of  about  68  ft.  of  filling.  Assuming  the  weight 
of  the  submerged  river  mud  at  80  lb.  per  cu.  ft.  and  its  natural  slope 
at  3i  to  1, 

p  =  0.57  X  80  X  58  =  2  600  lb.  per  sq.  ft., 

and  as  r  =  d,  the  maximum  stresses  in  the  longitudinal  and  trans- 
verse walls  are  equal  and  given  by 

2  600  X  24        _^ 

t  = — =  5  200  lb.  per  lin.  m. 

The  possibility  of  avoiding  unduly  straining  the  sheet-piles  -by 
depositing    some    of    the    embankment    before    completely    filling    the 
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pockets  was  considered,  and  was  actually  found  advisable,  as  explained 

later. 

Tests  on  Model  Embankment. 

To  obtain  information  regarding  the  probable  behavior  of  a  rip-rap 
embankment  under  various  conditions  of  pressure,  some  tests  were 
made  with  a  model,  one-twentieth  the  size  of  the  embankment,  placed 
against  the  inshore  side  of  the  sheet-pile  pockets,  or  42  in.  in  height 


Grade  OP  front  line  top  uf  »all=  1 9.65 ' 
19.0 '  /    " — ^ 


^fy  Single  bltt-cast  steel 


11 — ^^Jb-^n — [} 


single  bitt 
Grade  on  front  line  top  of  wall  =  ■»  9.65' 

■'       •■    '«""■     =t9.71' 

PLAN 

Fig.   5. 

at  the  rear.  These  tests  are  incomplete,  but,  though  it  was  found 
necessary  to  discontinue  them,  they  are  given  here  for  whatever  value 
may  be  derived  from  them. 

The  testing  apparatus  provided  a  bottom  having  the  average  slope 
of  the  rock  floor  at  West  46th  Street,  6  to  1,  and  also  glass  sides,  3  ft. 
apart,  in  order  to  observe  the  effect  of  pressures  on  the  mass.     The 
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board,  against  which  the  embankment  was  placed  and  by  which  the 
pressures  were  transmitted  to  the  embankment,  was  fitted  so  as  to 
slide  inward  on  the  bottom  and  between  the  glass  sides.  The  embank- 
ment consisted  of  broken  stone  weighing  as  placed  about  93  lb.  per 
cu.  ft.,  and  varying  from  |  to  |  in.,  which  is  about  one-twentieth 
*the  size  of  rip-rap.  The  pressures  were  obtained  by  using  two  calibrated 
steel  car  springs,  which  were  compressed  by  a  nut  working  on  a 
threaded  bolt,  passing  partly  through  each  spring,  and  fastened  to 
the  backing  blocks  attached  to  the  base  of  the  apparatus.  The  pressures 
applied  were  determined  from  the  decrease  in  length  of  the  springs, 
a  gauge,  being  used  for  each  spring,  giving  the  pressure  directly  in 
pounds. 

In  order  to  determine  the  behavior  of  the  embankment  under  pres- 
sure, vertical  lines  were  marked  on  the  ground-glass  sides,  and  along 
them  columns  of  small  wooden  blocks  were  laid  up  in  the  embank- 
ment. These  columns  of  blocks  moved  with  the  embankment,  and 
the  extent  of  their  displacement  from  their  original  positions  was 
measured  as  the  pressure  was  increased.  Figs.  6,  7,  8,  and  9  are 
reproduced  from  photographs  showing  various  views  of  this  model. 

Six  tests  were  made  with  this  model  under  different  conditions,  with 
the  results  shown  by  Figs.  11,  12,  and  13. 

In  Test  1,  the  board  transmitting  the  pressure  extended  the  full 
height  of  the  embankment,  or  3  ft.  6  in.  The  embankment  had  a  berm 
of  10  in.,  and  the  pressure  was  applied  at  one-third  the  height  from 
the  bottom. 

In  all  the  tests  the  embankment  was  3  ft.  6  in.  high,  but,  in  all  but 
Test  1,  the  board  was  only  33  in.  high,  being  placed  against  the  upper 
33  in.  of  the  embankment,  the  lower  edge  of  the  board  being  approxi- 
mately in  the  horizontal  plane  through  the  toe.  The  pressure  in 
Tests  2,  3,  and  4  was  applied  at  one-third  the  height  of  the  board 
from  its  lower  edge.     Tests  5  and  6  will  be  referred  to  later.. 

The  object  of  these  tests  was  to  determine  the  extent  of  the  distor- 
tion which  would  take  place  in  such  an  embankment  under  pressure, 
as  well  as  its  ultimate  resistance. 

Figs.  11  and  12  show  the  distortion  throughout  the  mass  in  Tests 
1  and  2,  obtained  by  measurements  of  the  displacement  of  the  blocks 
of  wood  referred  to.  Also,  the  curves  of  deflection  of  the  embankment 
with  the  increase  of  pressure  are  shown  by  Fig.  13. 
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Fig.   6. — Side  View  of  Model,  Showing  Displacement  of  Columns  of  Wooden 
Blocks  at  End  of  Test  1,  When  the  Pressure  Against  the  Embank- 
ment HAD   Reached   2  810   Lb.      The    Black   Vertical 
Lines  Show  the  Original  Position  of  the 
Columns  of  Wooden  Blocks. 


Fig. 


-Front  View  of  Model,  Showing  Slope  of  Broken  Stone  Embankment. 
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Fig.   8. — Side  and  Rear  of  Model,  Before  Application  of  Pressure  in  Test  2, 

Showing  Columns  of  Wooden  Blocks  Laid  Up  Along 

Black  Lines  on  Glass  Sides. 


Fig.  9. — Side  View  of  Model  at  End  of  Test  2,  When  Pressure  had  Reached 
1  810    Lb.     Note    Displacement    of    Wooden    Blocks. 
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In  Test  1,  at  a  pressure  of  about  2  375  lb.,  a  tendency  to  break, 
abdut  through  the  horizontal  plane  through  the  toe,  was  observed, 
and  is  indicated  by  the  breaks  in  the  lines  in  Fig.  11  at  this  pressure, 
as  well  as  in  the  break  in  the  eurve  of  deflection  shown  in  Fig.  13. 

The  pressure  above  the  horizontal  plane  through  the  toe  corre- 
sponding with  2  375  lb.  on  the  whole  board  is  1  460  lb.  The  weight 
of  the  embankment  above  this  plane  is  about  1  900  lb.,  and  the  corre- 
sponding value  of  [X  is  0.77,  as  compared  with  0.83  indicated  by  the 
natural  slope  of  ^  to  1. 

A  second  break  pccurs  in  the  deflection  curve  in  Fig.  13  at  a 
pressure  of  2  750  lb.  Assuming  this  as  an  indication  of  sliding  up 
the  inclined  bottom,  taking  the  weight  of  the  embankment  at  2  380  lb., 
the  tangent  of  the  angle  made  by  the  bottom  with  the  horizontal  at 
i,  and  substituting  those  values  in  the  formula, 

P  —  tan.  a  W 


H  = 


Tr+  tan.  a  P' 


we  have  a  value  for  ^,  the  coefficient  of  friction  of  the  stone  on  the 
wood  bottom,  =  0.83.  This  high  value  is  presumed  to  be  due  to 
the  probability  of  the  stones  becoming  embedded  in  the  wood  to  some 
extent. 

Considering  the  break  in  the  deflection  curve  for  Test  2,  Fig.  13, 
at  1 280  lb.  as  an  indication  of  sliding  along  the  horizontal  plane 
through  the  lower  edge  of  the  pressure  board,  the  weight  of  the 
embankment  above  this  plane  being  about  1  750  lb.,  the  resulting  value 
of  ix.  for  broken  stone  on  broken  stone  is  0.73.  The  critical  pressure 
of  1  000  lb.  in  Test  3  gives  a  value  for  ju,  of  0.80.  These  values  com- 
pare with  0.83  indicated  by  the  natural  slope  of  \  to  1. 

The  movement  of  the  embankment  in  these  tests,  accompanying 
each  increase  of  pressure,  would  apparently  cease  in  a  very  short 
time.  The  readings  of  both  pressures  and  movement  were  then  taken, 
and  the  next  increase  of  pressure  effected.  It  became  evident,  how- 
ever, that,  particularly  for  the  higher  pressures,  further  movement  will 
occur  when  more  time  is  allowed.  This  is  illustrated  in  Test  2,  Fig. 
12,  under  pressure  8,  in  which  case  the  pressure  against  the  embank- 
ment dropped  from  1  805  to  1  565  lb.  over  night,  accompanied  by  a 
corresponding  movement  of  the  embankment.  To  determine  the  eft'ect 
of  time,  Test  4  was  made  on  an  embankment  similar  to  that  used  in 
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Test  2,  with  a  berni  of  10  in.  The  sjjrings  were  compressed  until  they 
indicated  a  pressure  of  1  000  lb.  The  accompanying  movement  of  the 
embankment  at  the  top  was  0.07  in.  At  the  end  of  1  week,  the  springs 
indicated  a  pressure  of  950  lb.,  and  this  drop  in  pressure  was  accom- 
panied by  an  additional  movement  of  1.045  in.  at  the  top  of  the 
embankment.  At  the  end  of  1  month,  the  pressure  had  dropped  to 
900  lb.,  with  a  further  displacement  of  the  embankment  at  the  top 
of  O.OS  in.  Observation  of  the  embankment  at  the  end  of  the  second 
month  indicated  no  further  change  either  in  pressure  or  displacement. 


TEST  1 


1 

1  225  lb. 

2 

1555  " 

3 

1  970  " 

i 

2  375  " 

6 

2  550  " 

6 

2  750  " 

7 

2  810  " 

■    Scale 

of  Inches 

This  test  does  not  show  that  the  embankment  would  not  have  come 
to  rest  in  time  under  a  pressure  greater  than  900  lb.  constantly 
applied,  which  could  not  be  determined  with  the  apparatus  used, 
as  any  movement  of  the  embankment  necessarily  results  in  a  par- 
tial release  of  the  springs,  and  consequently  a  decrease  in  pressure. 

Tests  5  and  6  were  undertaken  to  determine  the  effect  of  applying 
the  pressure  at  a  point  above  the  center  of  gravity  of  the  embank- 
ment as  well  as  the  effect  of  friction  along  the  face  of  the  embank- 
ment in  contact  with  the  board. 
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The  embankment  used  in  these  tests  was  the  same  as  that  in  Test 
2,  except  that  the  width  of  the  berm  was  about  6  in.  In  the  case  of 
Tests  5  and  6,  the  pressure  was  applied  at  two-thirds  of  the  height 
above  the  bottom  of  the  board.  In  Test  5  the  board  was  free  to  move, 
as  in  the  previous  tests,  and  in  Test  6  the  board  was  anchored  at  the 
bottom  with  hinges.  The  results  are  given  by  the  curves  of  deflection 
of  the  top  and  bottom  of  the  board,  as  shown  in  Fig.  13. 

The  curve  for  Test  5  indicates  an  ultimate  resistance  of  about 
000  lb.  to  a  pressure  applied  at  two-thirds  of  the  height,  which  about 


TEST  2. 

Scale  of  Inches 


5  = 

6  = 

7  = 
*8  = 

10  = 

11  = 

12  = 


780 

865 
1080 
1280 
1380 
1490 
1570 

1805-1565 
1965 
1585 
1750 
1810 


*  Springs  indicated  a  drop  of 
pressure  to  1665  pounds  over  night 

•f  Pressure  was  lowered  after 
No.9  to  about  1000  pounds  with- 
out effect  on  embankment  and 
then  raised  to  No.lO. 


Dotted  lines  are  vertical  lines  at 
sides  of  embankment  before  application  of 
pressure.  Full  lines  show  their  distoTtion 
under  pressure,  giving  average  distortion 
of  both  sides  of  embankment. 


FIG.    12. 

agrees  with  the  theoretical  resistance,  on  the  assumption  of  a  coeffi- 
cient of  friction  of  0.83  developed  along  horizontal  planes  in  the  mass. 
This  is  only  one-half  the  resistance  of  the  similar  embankment  used  in 
Test  2  under  pressure  applied  at  one-third  of  the  height. 

The  tendency  of  the  rear  of  the  embankment  to  rise  under  pres- 
sure, carrying  the  board  with  it,  was  very  evident  in  Tests  1,  2,  and  3. 
In  Tests  5  and  6  the  movement  was  entirely  horizontal.  To  deter- 
mine the  effect  of  friction  between  the  board  and  the  face  of  the 
embankment,  the  board,   in  Test  6,  was  anchored  as  mentioned  pre- 
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Deflection  of  Embankment, 
in  Inches. 


Deflectiou  of  Top  of  Embankment,  in  Incbes. 
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viously.  The  result  is  showii  by  the  lower  curve,  Fig.  13.  Considering 
the  resistance  developed  along  horizontal  planes  in  the  embankment,  and 
assuming  a  value  of  0.83  for  the  coefficient  of  friction  for  both  stone 
on  stone  and  stone  on  wood,  the  ultimate  resistance  in  this  case 
should  be  about  2  500  lb.  Under  the  maximum  pressure  developed  in 
this  test  (2  400  lb.),  no  indication  of  failure  was  evident.  The  excess- 
ive deflection  of  the  embankment  made  it  impracticable  to  carry  this 
test  further.  The  friction  along  the  face  in  contact  with  the  board 
would  evidently  be  more  effective  the  Ipwer  the  point  of  application 
of  the  pressure.  These  results  should  be  of  value  in  the  design  of 
bulkhead  walls. 

The  theoretical  active  pressure  for  the  embankment  in  Test  1 
would  be  about  280  lb.,  and  that  in  Test  2,  about  170  lb.  If  the  curve 
for  Test  1,  Fig.  13,  is  extended,  it  will  indicate  a  zero  deflection  at 
800  lb.,  and  for  Test  2,  a  zero  deflection  at  about  600  lb."  In  Test  4, 
the  board  rested  against  a  wale  near  the  top  before  the  pressure  was 
applied,  a  thin  slab  of  wood  having  been  placed  between  the  board  and 
this  wale.  Any  movement  of  the  embankment  would  release  the  slab 
of  wood,  and  this  occurred  when  the  springs  indicated  a  pressure  of 
850  lb.,  checking  the  results  obtained  from  the  deflection  curve  as 
closely  as  could  be  expected.  These  results  seem  to  indicate  a  maxi- 
mum resistance,  without  deflection,  of  about  three  times  the  active 

pressure. 

Construction. 

Pile-Driving. — The  driving  of  the  sheet-pile  pockets  in  the  designed 
shape  was  accomplished  by  driving  four  timber  piles  in  the  location 
for  each  pocket,  and  these  served  to  support  a  plank  templet  slightly 
smaller  than  the  size  of  the  pocket,  around  which  the  steel  piles  were 
set.  The  piles  of  the  first  five  pockets  were  set  in  such  order  that 
the  closure  occurred  in  the  inshore  panel,  the  remaining  pockets  being 
set  so  that  the  closure  came  in  the  diaphragm  common  to  adjoining 
pockets,  it  being  easier  to  get  a  good  fit  for  the  closure  pile  in  the 
straight  diaphragm  than  in  the  curved  inner  panel. 

In  setting  the  piles,  their  own  weight  caused  them  to  settle  in  the 
mud  to  a  depth  of  about  20  ft.,  so  that  they  were  required  to  be  driven 
only  about  10  ft.  The  driving  was  done  with  a  "New  Monarch"  type 
of  steam  hammer,  weighing  about  4  000  lb.,  bolted  to  a  frame  which 
fitted  over  the  piles  and  held  the  hammer  in  a  vertical  position,  the 
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hammer  plate  being  wide  enough  to  drive  three  piles  at  once.  After 
being  driven  in  sets  of  three,  the  individual  piles  were  driven  with  a 
follower,  in  order  to  insure  contact  of  each  with  the  rock.  As  the 
first  five  pockets  were  in  the  area  formerly  occupied  by  the  inner  end 
of  the  West  47th  Street  pier,  a  considerable  quantity  of  timber  was 
encountered,  which  made  the  setting  and  driving  of  the  piles  difficult. 
In  the  case  of  Pockets  3,  4,  and  5,  timber  was  encountered  near  the 
surface  of  the  mud,  which  caused  some  of  the  piles  to  project  so  high 
when  they  were  set  that  it  was  necessary  to  drive  them  with  a  steam 
hammer  down  to  grade,  which  would  allow  the  adjoining  piles  to  be 
entered.  This  resulted  in  throwing  Pockets  4  and  5  so  far  out  of 
plumb  that  the  piles  adjoining  the  closure  pile  in  each  pocket  were 
farther  apart  at  the  bottom  than  at  the  top.  The  hard  driving  neces- 
sary to  draw  these  adjoining  piles  together  caused  the  rupture  of  one 
jaw  of  the  closure  pile  in  Pocket  5,  leaving  a  gap  in  the  inner  panel 
of  about  25  ft.  from  the  rock  bottom.  A  similar  condition  was  pro- 
duced in  placing  the  closure  pile  in  the  diaphragm  between  Pockets 
8  and  9,  it  being  impossible  to  detect  the  fact  that  the  closure  pile 
had  passed  out  of  the  adjoining  jaws. 

There  was  no  difficulty  in  driving  the  piles  to  rock  between 
Pockets  8  and  35,  the  bottom  having  been  dredged  to  30  ft.  below  low 
water,  removing  practically  all  the  timber  usually  found  embedded  in 
the  upper  surface  of  the  mud. 

At  the  beginning  of  the  return  at  West  44th  Street,  however,  a 
great  deal  of  trouble  was  caused  by  the  proximity  of  the  two  large 
cylindrical  pockets  to  the  inner  end  of  the  44th  Street  pier.  Before 
dredging  was  done  at  this  point,  a  timber  crib  occupied  a  large  part 
of  the  area  covered  by  Pockets  35  and  36,  extending  under  the  inshore 
end  of  the  pier  shed.  In  dredging  with  a  dipper-dredge  it  was  impos- 
sible to  clear  out  the  bottom  of  the  crib  close  to  the  shed  on  account 
of  the  danger  of  damaging  the  structure,  consequently  some  of  the 
piles  in  Pockets  36  and  35J  encountered  the  projecting  ends  of  the 
round  crib  timbers.  Very  hard  driving  was  required  to  put  down  the 
piles  which  were  close  to  the  crib,  four  piles  in  Pocket  35^  requiring 
24  hours  of  driving  with  a  2-ton  steam  hammer.  Apparently,  these 
four  piles  passed  through  three  courses  of  crib  logs,  as  the  very  bad 
driving  occurred  in  three  stages,  yet  there  were  no  indications  that  they 
were  parting  from  each  other  or  curling  up,  and  they  finally  brought 
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up  solidly  on  the  rock.  Evidently,  however,  there  was  a  rupture,  as 
practically  all  the  leakage  of  the  entire  dam  took  place  through  the 
outshore  side  of  Pocket  35J. 

The  setting  of  pockets,  which  was  begun  with  'No.  1,  on  April 
10th,  1914,  was  continued  iintil  No.  27  was  reached,  on  June  19th, 
1914.  Owing  to  a  change  in  plan,  setting  was  then  suspended  until 
October  5th,  when  it  was  resumed  in  No.  35,  the  cylindrical  pocket, 
and  carried  thence  to  Pocket  44.  Pockets  28  to  30  were  then  set, 
Nos.  31  to  33  being  omitted  until  the  lighter  had  completed  the 
removal,  from  the  rear  of  the  dam,  of  all  the  mud  which  it  could  not 
reach  from  a  position  outside  the  dam.  The  lighter  was  then  placed 
outside  the  dam  and  the  remaining  pockets  were  set,  the  closure  being 
made  in  Pocket  31  in  the  middle  of  the  inshore  and  outshore  panels. 

Dredging  and  Filling  Pockets. — The  weakness  at  these  two  points 
was  soon  developed  when  the  filling  of  the  pockets  was  begun.  In  the 
case  of  Pocket  5,  the  mud  had  been  dredged  from  the  inshore  side  to 
a  depth  of  about  30  ft.  below  low  water,  the  material  being  placed  in 
tlie  pocket  to  a  grade  of  about  1  ft.  above  low  water.  There  was  thus 
a  head  of  about  37  ft.  of  mud  on  the  inner  panel,  which,  after  the 
lapse  of  a  few  hours,  completed  the  opening  of  the  gap  at  the 
closure  pile. 

In  order  to  repair  the  damage  it  was  necessary  to  remove  some  of 
the  filling  which  had  been  placed  in  Pockets  6  and  7,  and  thus  allow 
the  corner  pile  between  Pockets  5  and  6  to  be  pulled  back  into  a 
vertical  position.  The  distorted  piles  of  the  ruptured  panel  were 
removed  and  new  piles  were  placed,  two  being  added  to  the  original 
number  to  fill  the  space  caused  by  the  spreading  of  the  corners  when 
the  filling  was  suddenly  released. 

The  failure  of  the  diaphragm  between  Pockets  8  and  9  occurred 
when  the  filling  in  No.  8  had  reached  —  12,  and  in  No.  9  when  it  had 
reached  —  20,  and  the  mud  inshore  from  the  two  pockets  had  been 
dredged  to  about  —  40  ft.  The  original  plan,  in  constructing  the 
dam,  was  to  dredge  the  material  in  the  rear  overlying  the  rock,  place 
it  in  the  pockets,  and  then  proceed  to  deposit  rip-rap  at  the  rear;  and, 
when  the  rip-rap  had  reached  the  level  of  the  mud,  outshore  from 
the  dam,  to  deposit  filling  outshore  in  sufficient  quantity  to  counteract 
the  pressure  of  the  rip-rap. 
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F^G.    14. — Laying   Out   Templates   for   Driving   Sheet-Piling. 


Fig.    15. — Sheet-Piling   for   Pockets    Driven. 


Papers.] 


COFFER-DAM    FOR    1  000-FOOT    PIER 


139 


Fig.   16. — Driving  Steel  Sheet-Piling  for  Coffer-Dam. 


Fig.   17. — Large   Pocket,   and  Rip-Rap  Embankment,   West  44th   Street. 
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The  failure  of  Pockets  5  and  8  made  it  evident  that  this  procedure 
would  have  to  be  modified,  unless  there  was  assurance  that  the  closure 
piles  were  not  under  considerable  initial  stress.  A  number  of  the 
closure  piles  had  required  considerable  driving,  and  it  was  decided  to 
avoid  unduly  stressing  them  by  proceeding  as  follows :  The  mud  in  the 
rear  of  the  dam  was  excavated  for  the  length  of  two  pockets  and  taken 
to  sea;  rip-rap  was  then  deposited  until  it  reached  the  grade  of  the 
original  bottom  in  the  pockets;  filling  was  then  placed  in  the  pockets, 
and  a  head  of  mud  and  earth  of  about  10  ft.  over  the  grade  of  the 
rip-rap  was  maintained  as  the  placing  of  rip-rap  was  continued.  Suf- 
ficient tension  was  thus  maintained  in  the  walls  of  the  pocket  to  make 
them  water-tight  without  subjecting  them  to  severe  loads.  The  filling 
comprised  a  mixture  of  mud  and  cellar  earth,  the  latter  being  dumped 
from  trucks  which  were  driven  along  a  platform  built  on  top  of  the 
dam.  As  the  earth  was  dumped  in  the  middle  of  the  pockets,  its 
greater  weight  forced  the  mud  up  along  the  walls,  providing  a  seal 
which  proved  to  be  absolutely  water-tight. 

During  the  time  required  for  the  foregoing  operation  of  dredging 
and  filling,  which  averaged  about  10  days  for  each  pocket,  the  luibal- 
anced  pressure  of  the  mud  in  the  pockets  and  also  that  outshore  from 
the  latter  caused  them  to  lean  inshore.  The  mud  in  which  the  piles  were 
set  is  of  a  stiff,  clay-like  consistency  which  will  stand  at  a  steep  slope 
for  a  considerable  time  if  undisturbed.  The  impact  of  the  2-yd. 
buckets  of  mud  on  the  original  filling  in  the  pockets  apparently  was 
sufficient  to  destroy  the  cohesion  in  the  mass,  causing  it  to  exert  pres- 
sure tending  to  tip  the  pocket  inshore.  The  maximum  movement  of 
a  pocket  (No.  16)  immediately  after  the  completion  of  the  dredging 
v/as  I  ft.  in  24  hours,  and  there  was  a  maximum  total  movement  of 
about  2i  ft.  in  the  10  days  required  to  restore  the  balance  of  pressure 
on  the  sides  of  the  pocket.  The  average  movement  during  the  time 
of  placing  the  filling  was  about  IJ  ft.  The  balance  of  pressure,  once 
restored,  was  easily  maintained  by  placing  the  earth  embankment  out- 
shore to  counteract  the  pressure  of  the  rip-rap. 

In  dredging  and  filling  the  cylindrical  pockets  (Nos.  35  and  36)  a 
different  procedure  was  necessary,  on  account  of  the  change  in  the 
type  of  construction.  Whereas,  in  the  small  pockets,  the  pressure  of 
the  mud  inside  tended  to  hold  them  in  the  same  shape  as  when  they 
were  set,   in  these  cylinders,  as  it  was  necessary  to  clear  the  inside 
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of  mud  in  order  to  bring  the  rip-rap  in  contact  with  the  rock  bottom, 
there  was  some  danger  that  the  pressure  of  the  mud  around  the  out- 
side might  distort  or  collapse  the  cylinders.  This  danger  was  avoided 
by  dredging  around  the  outside  of  the  cylinders  at  the  same  time 
that  deepening  was  going  on  within,  except  on  the  sides  which  were 
adjacent  to  the  crib.  Here  the  proximity  of  the  crib  precluded  any 
dredging,  and  it  was  necessary,  in  order  to  hold  the  pockets  in  shape, 
to  leave  a  fillet  of  stiff  mud  around  that  portion  of  the  circumference 
which  received  pressure  from  the  outside.  In  each  cylinder  the  rock 
was  cleared  of  mud  for  about  three-quarters  of  the  area  of  the  bottom. 
Immediately  after  the  completion  of  dredging  the  rip-rap  was  deposited 
uniformly  around  the  circumference,  maintaining  practically  the  cir- 
cular shape  throughout  the  operation. 

Pumping. — The  unwatering  of  the  coffer-dam  was  begun  on  March 
29th,  1915,  with  a  Morris  10-in.  centrifugal  steam  pump,  set  on  skids 
resting  on  the  rip-rap  embankment.  Steam  for  this  pump  was  fur- 
nished by  a  50-h.p.  locomotive  boiler  placed  on  the  top  of  the  dam. 
With  this  pump  the  level  of  the  water  was  lowered  from  0  to  —  13  ft. 
in  19  days,  the  pump  being  operated  only  16  hours  per  day,  in  order 
to  allow  the  rip-rap  embankment  to  consolidate  itself.  Meanwhile 
(April  13th),  a  leak  began  developing  in  the  single  line  of  piling 
along  the  face  of  the  crib  at  47th  Street,  about  100  ft.  from  the  river, 
and,  by  April  18th,  this  had  reached  the  capacity  of  the  pump.  The 
single  line  of  piling  which  forms  the  dam  along  47th  Street  was 
driven  on  a  line  parallel  to,  and  from  4  to  5  ft.  from  a  rock-fiiled 
timber  crib  which  extends  along  47th  Street.  Along  the  face  of  this 
crib,  at  the  point  where  the  leakage  took  place,  there  was  none  of  the 
stiff  mud  which  acted  as  a  seal  elsewhere  along  the  dam.  Further- 
more, the  rock  fill  in  the  cells  of  the  crib  was  so  porous  that  the  river 
water  had  free  access  to  the  piling,  and,  although  earth  filling  was 
deposited  between  the  face  of  the  crib  and  the  sheet-piling,  its  thick- 
ness (about  4  ft.)  was  not  sufficient  to  prevent  a  considerable  flow 
between  the  piles  and  the  rock.  In  order  to  place  against  the  foot  of 
the  piling  material  which  would  not  be  drawn  through  by  the  flow  of 
water,  wooden  piles  were  driven  at  intervals  of  from  4  to  5  ft.  between 
the  steel  piling  and  the  face  of  the  crib.  These  were  then  withdrawn, 
and  the  holes  filled  with  a  mixture  of  sand  and  horse  manure  by  ram- 
ming down  charges  of  this  material  with  the  pile  until  the  stiffness 
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of  the  driving  indicated  that  the  cavity  was  filled.  By  thus  intro- 
ducing material  vphich  would  clog  easily,  and  by  consolidating  the 
earth  filling  for  about  50  ft.  along  the  sheet-piling,  the  flow  was 
reduced  to  small  proportions. 

During  the  9  days  required  to  stop  this  leak,  the  water  level  rose 
from  —  13  to  —  11  ft.,  although  the  10-in.  pump  had  been  running 
for  24  hours  per  day  for  the  last  4  days.  On  April  22d  the  level  again 
began  to  recede,  the  pumping  plant  being  supplemented  on  April 
29th  by  two  6-in.  and  one  4-in.  Alberger  centrifugal  pumps,  electric- 
ally operated.  These  were  on  a  raft  within  the  coffer-dam.  After 
setting  up  the  electrically  operated  pumps  they  were  run  continu- 
ously, and  the  10-in.  steam  pump  was  run  for  16  hours  per  day.  In 
16  days  (April  22d  to  May  8th)  the  water  level  was  reduced  from 
—  11  to  —  34  ft.,  at  which  point  the  accumulated  mud  in  the  bottom 
of  the  area  was  exposed. 

At  about  this  time  water  began  to  flow  through  Pocket  35J,  appear- 
ing at  the  bottom  of  the  piles  in  the  inshore  panel.  It  was  then  dis- 
covered that  the  closure  piles  of  this  inshore  panel  had  parted  from 
the  adjoining  piles  for  several  feet  from  the  bottom,  probably  due  to 
driving  the  panel  in  a  curve  of  too  small  a  radius.  It  appeared  that 
the  leak  occurred  in  the  outshore  panel  of  Pocket  35^,  where  there 
was  a  possible  rupture  due  to  driving  through  the  timber  crib.  The 
same  method  as  used  at  47th  Street — of  driving  down  manure  to  hold 
the  earth  filling — was  applied  along  the  outside  of  Pocket  35J,  and, 
although  the  flow  was  reduced,  it  was  impossible  to  cut  it  off  entirely. 
Coincident  with  the  removal  of  the  mud  in  the  bottom  of  the  excava- 
tion, the  water  level  was  lowered  until  the  final  grade  of  —  44  ft.  was 
reached.  The  three  small  pumps  were  removed,  and  a  12-in.  Worth- 
ington  centrifugal  pump,  electrically  operated,  was  placed  on  the  same 
platform  as  the  10-in.  steam  pump,  on  the  rip-rap  embankment  at  a 
point  about  30  ft.  below  low  water.  The  12-in.  pump  was  thenceforth 
used  to  keep  the  dam  dry,  the  10-in.  pump  being  maintained  as  a 
reserve.  The  total  inflow  amounted  to  about  2  500  gal.  per  min.,  of 
which  probably  2  000  gal.  came  through  Pocket  35J,  and  the  remainder 
from  the  cut-off  along  47th  Street  and  from  the  upland.  There  was 
no  indication  of  any  leakage  whatever  through  the  portion  of  the  dam 
composed  of  the  small  cells,  and  it  is  evident  that,  had  conditions  per- 
mitted their  use  throughout,  the  leakage  would  have  been  slight. 
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During  the  progress  of  unwatering,  daily  observations  of  the  move- 
ment of  the  dam  were  made,  so  that,  if  necessary,  the  rate  of  pump- 
ing might  be  changed  in  order  to  check  undue  movements,  but  the 
changes  were  at  no  time  so  great  as  to  cause  apprehension.  The 
maximum  inshore  movement  at  any  one  point  in  24  hours  was  0.40  ft. 
at  Pocket  25,  when  the  water  level  was  lowered  from  —  24  to  —  27  ft. ; 
and  the  total  movement  during  the  40  days  required  to  remove  the 
water  to  —  34  ft.  was  2  J  ft.  The  dam  continued  to  lean  inshore  after 
pumping  had  been  completed  to  —  44  ft.,  with  a  slowly  decreasing 
rate,  coming  practically  to  rest  by  June  15th,  1915.  The  total  inshore 
movement  of  the  top  was  about  3^  ft. 

Fig.  10  shows  the  alignment  of  the  coffer-dam  for  several  stages 
of  the  unwatering,  and  Fig.  18  shows  the  history  of  the  movement  of 
a  typical  section  of  the  coffer-dam  as  the  unwatering  proceeded.  The 
unbalanced  pressures  were  calculated  on  the  assumption  of  a  hydro- 
static head  from  rock  at  the  inner  row  of  sheet-piles  at  —  60  to  +  4. 

Plant,  and  Rock  Removal. 

The  plant  provided  for  handling  the  excavated  material  and  con- 
crete comprised  eight  15-ton  steam  locomotive  cranes,  of  which  six 
were  used  in  the  slip  and  pier  areas  and  two  on  the  old  45th  Street 
pier.  These  narrow-gauge  steam  locomotives  provided  transport  for 
concrete  and  spoil.  The  six  cranes  used  in  the  coffer-dam  were  placed 
so  that  all  parts  of  the  area  could  be  covered,  three  being  carried  on 
timber  trestles  extending  inshore  from  the  dam,  the  other  three  partly 
on  trestles  and  partly  on  the  two  pier  side-walls  and  the  slip  wall  at 
44th  Street.  There  were  two  lines  of  narrow-gauge  track  along  the 
top  of  the  dam  extending  out  on  the  old  45th  Street  pier,  where  the 
two  cranes  loaded  the  rock  into  scows  lying  alongside  the  pier.  Spurs 
extended  to  the  bulkhead  along  47th  Street  and  to  the  cranes  on  each 
trestle.  There  were  also  three  stiff-leg  derricks  with  70-ft.  booms,  one 
at  47th  Street,  about  50  ft.  outshore  from  the  bulkhead  wall,  one  at 
the  north  side  of  the  pier,  in  the  rear  of  the  bulkhead  wall,  and  one 
near  44th  Street,  at  the  bulkhead.  These  derricks  were  operated  by 
compressed  air,  supplied  by  the  plant  provided  for  the  rock  drilling. 

In  placing  the  trestles  for  the  locomotive  cranes,  a  crane  was  set 
up  on  top  of  the  dam,  and  the  mud  at  the  toe  of  the  rip-rap  embank- 
ment was  excavated  with  a  l^-yd.  ''battleship"  which  operated  some- 
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what  after  the  manner  of  a  clam-shell  bucket.  As  the  toe  of  the  slope 
was  beyond  the  reach  of  the  crane  boom,  several  24-in.  I-beams  were 
laid  on  the  rip-rap,  and  the  bucket  was  allowed  to  slide  down  them. 
After  the  rock  had  been  uncovered,  a  trestle  bent  was  erected  at  the 
foot  of  the  bank",  and  an  intermediate  bent  half-way  up  the  slope. 
These  bents  were  spanned  by  five  24-in.  I-beams  on  which  the  crane 
track  was  laid.  Successive  bents  were  erected  as  the  rock  excavation 
proceeded,  the  trestles  finally  being  extended  so  that  the  cranes  would 
reach  the  bulkhead. 

The  rock  excavation  was  begun  at  the  toe  of  the  rip-rap  bank,  and 
carried  thence  toward  the  bulkhead.  Ingersoll-Rand  tripod  air  drills 
were  used  until  the  depth  of  the  cut  w^as  about  22  ft.,  and  then 
Cyclone  well-drilling  machines,  operated  by  gasoline  engines,  were 
substituted.  The  small  drill  holes,  which  were  started  with  a  Si-in. 
and  finished  with  a  IJ-in.  bit,  were  about  4  ft.  from  center  to  center. 
The  well  drill  holes  were  G  in.  in  diameter,  and  were  about  14  ft. 
from  center  to  center.  Along  the  line  of  the  pier  and  bulkhead  walls, 
line  drilling  was  done  with  the  tripod  drills,  the  holes  being  from  6 
to  8  in.  apart. 

There  was  considerable  difficulty  with  some  of  the  small  drill  work, 
on  account  of  the  seamy  nature  of  a  part  of  the  rock;  this  was  avoided 
by  the  use  of  the  well  drills.  The  rock  in  this  locality  is  composed 
of  hard  gray  granite  and  Manhattan  schist,  with  little  order  or 
arrangement  in  their  occurrence.  In  the  outshore  portion  of  the 
excavation,  the  rock  proved  to  be  a  fine,  sound  granite,  which  fur- 
nished a  good  foundation  for  the  pier  side-walls,  but,  in  the  area  east 
of  a  line  about  75  ft.  from  the  bulkhead,  granite  and  schist  were 
encountered  in  irregular  layers.  The  strata  of  the  schist  stood  nearly 
on  edge,  as  is  usual,  and  varied  from  a  hard  to  a  quite  soft,  much 
laminated,  structure.  The  granite,  particularly  within  the  area  of 
the  bulkhead  wall,  was  badly  broken  up  by  seams,  running  in  all 
directions  and  mostly  filled  with  mud.  In  a  number  of  locations  the 
rock  was  of  such  poor  character  that  it  was  necessary  to  excavate 
within  the  wall  area,  down  to  the  grade  of  —  44  ft.,  in  order  to  pro- 
vide proper  support  for  the  front  of  the  wall. 

The  rock  was  disposed  of  by  loading  it  by  hand  into  steel  "battle- 
ships" and  wooden  skips,  which  were  hoisted  by  the  locomotive  cranes 
to  flat  cars  of  about  3  cu.  yd.  capacity.     These  cars  were  transported 
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Pig.   21. — Drilling,  Blasting,  and  Removing  Rock,  July  9th,   1915. 


Fir..   22. —  Within  the  Coffer-Dai.t,  July  9th,  191.5. 
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by  locomotive  to  the  pier  at  West  45th  Street  in  trains  of  from  six  to 
eight  cars,  and  there  miloaded  by  two  locomotive  cranes  into  bottom- 
dumper  and  deck  scows.  The  rock  thus  loaded  was  shipped  to  River- 
side Park,  between  West  88th  and  West  95th  Streets,  and  there 
deposited  along  the  shore  in  a  trench,  so  as  to  form  an  embankment  for 
the  extension  of  Riverside  Park.  Other  portions  of  the  rock  excavated 
were  used  for  back-filling  in  the  rear  of  the  pier  and  bulkhead  walls, 
and  for  the  Cyclopean  concrete. 

Pier  and  Slip  Walls. 

The  plant  for  the  concrete  work  was  erected  on  a  pile  platform, 
about  30  ft.  wide  and  100  ft.  long,  built  adjoining  the  outshore  side  of 
tlie  dam  near  the  47th  Street  end.  On  the  platform  there  was  a 
cement  shed  with  a  capacity  of  4  000  bags.  A  1-yd.  Ransome  mixer, 
electrically  operated,  was  placed  at  an  elevation  which  allowed  it  to 
discharge  into  buckets  set  on  flat  cars  on  the  track  running  along  the 
lop  of  the  dam.  Hoppers  for  stone  and  sand,  of  90  and  45  cu.  yd. 
capacity,  respectively,  were  erected  directly  over  the  mixer,  resting 
partly  on  the  dam  and  partly  on  the  platform.  A  timber  stiff-leg  der- 
rick, with  a  70-ft.  boom,  operated  by  compressed  air,  and  set  at  the 
same  elevation  as  the  hoppers,  supplied  them  with  sand  and  stone  from 
scows  moored  alongside,  using  a  l2-yd.  clam-shell  bucket.  The  cement 
was  elevated  to  the  charging  hopper  by  a  chain  bag  conveyor  run  by 
an  electric  motor.  For  use  in  cold  weather,  steam  pipes  were  inserted 
in  the  sand  and  stone  hoppers  and  in  the  mixing  water  tank.  In  opera- 
tion, a  flat  car  with  two  bottom-dumping  buckets,  each  holding  a 
batch,  was  run  under  the  discharge  chute  of  the  mixer  by  a  locomotive, 
whence  it  was  transported  to  the  locomotive  cranes  which  placed  the 
concrete  in  the  forms. 

In  the  construction  of  the  slip  walls,  the  rock  on  the  foundation 
was  thoroughly  cleaned  of  all  loose  and  rotten  pieces,  washed  with  a 
stream  of  water,  and  given  a  coat  of  mortar.  The  concrete  was  brought 
up  in  steps  of  4  ft.  and  bonded  together  by  allowing  the  derrick  stone 
placed  in  it  to  project  from  one  course  into  the  other.  Steel  forms, 
in  sections  of  5  by  10  ft.,  were  used,  except  for  the  face  of  the  wall 
for  the  top  14  ft.  Here  a  wooden  form  was  used,  in  order  to  produce 
a  better  surface  and  to  facilitate  the  placing  of  anchor  bolts  for  the 
fender  system.  All  the  pier  and  bulkhead  walls  were  built  in  sections 
30  ft.  long,  each  section  being  tarred  to  provide  an  expansion  joint. 
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Rewatering. 
The  rewatering  of  the  coffer-dam  was  effected  on  June  29th,  1910. 
by  opening  the  sluice-gates  when  the  tide  was  at  about  the  low- water 
stage,  which  gave  a  head  of  1  ft.  of  water  over  the  bottom  of  the  sluice- 
ways. The  rising  of  the  tide  increased  the  head  until,  at  the  expira- 
tion of  about  6  hours,  it  had  reached  about  5  ft.,  the  average  during 
the  rise  of  the  tide  thus  being  3  ft.  The  clear  width  of  each  sluiceway 
was  7  ft.  8  in.  To  fill  the  dam  to  its  capacity  of  about  8  000  000  cu. 
ft.,  S  hours  were  required.  Practically  no  movement  of  the  dam  was 
caused  by  the  rewatering. 

Removal  of  the  Coffer-Dam. 

Preliminary  to  pulling-  the  sheet-piling  of  the  dam,  the  fill  in  the 
pockets  and  in  the  outshore  embankment  was  removed  to  a  depth  of 
about  10  ft.  below  low  water,  in  order  to  relieve  some  of  the  pressure, 
and  jet  pipes,  operated  by  compressed  air,  were  forced  down  along  the 
piling  nearly  their  full  depth,  in  order  to  break  the  hold  of  the  mud 
on  the  piles. 

The  plant  for  pulling  the  sheet-piling  comprised  a  2.5-ton  and  a 
40-ton  steam  lighter  for  the  main  portion  of  the  dam,  and  stiff-leg 
derricks  for  the  returns  extending  inshore  at  the  upper  and  lower  ends 
of  the  dam,  equipped  with  inverted  McKiernan-Terry  steam  hammers 
operated  by  compressed  air.  The  hammers  were  attached  to  the  piles 
with  3,  3i,  and  4-in.  pins,  inserted  in  a  single  hole  burned  in  each  pile 
about  2  ft.  below  the  top.  Various  types  of  grips  were  also  used,  but 
the  naost  successful  was  a  relatively  light  one  furnished  by  the 
Lackawanna  Steel  Company,  which  was  rigged  so  that  it  could  be 
opened  by  pulling  a  trailing  rope  when  the  pile  had  been  pulled  out  of 
reach  from  the  ground.  This  grip,  which  catches  the  pile  at  the  top 
of  the  web,  has  been  used  continuously  by  one  lighter  for  all  but  the 
hardest  pulling. 

The  pulling  was  started  where  the  piles  were  from  05  to  70  ft.  long, 
and  considerable  difficulty  was  experienced  in  taking  out  the  first  pile, 
about  a  week  being  consumed  in  trying  various  piles  before  one  was 
extracted  from  the  diaphragm  of  Pocket  28.  The  pulling  of  the  dia- 
phragms and  outshore  panels  of  Pockets  18  to  29  was  then  accom- 
plished by  driving  them  up  with  the  hammer. 

It  was  found  impossible,  however,  to.  start  any  of  the  piles  next  to 
the   rip-rap    embankment    by    these    means.      A    100-ton    lighter    was 
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secured  with  the  intention  of  using  it,  with  an  inverted  hammer,  to 
break  one  of  the  inside  arcs.  After  working  4  days  and  trying  several 
pockets,  this  rig,  being  unable  to  budge  any  of  these  inside  piles,  was 
dispensed  with.  A  heavy,  guyed,  A-frame  was  then  erected  on  top  of 
the  rip-rap  embankment  and  rigged  with  a  set  of  eight-sheave  blocks, 
with  sixteen  parts  of  i-in.  line,  through  which  the  pull  of  the  25-ton 
derrick  was  transmitted  to  the  pile.  A  64-ft.  pile  was  thus  drawn  by 
direct  pull  without  the  aid  of  the  hammer.  The  line  of  piles  adjacent 
to  the  rip-rap  having  thus  been  broken,  no  further  difficulty  was 
experienced  in  this  direction,  and  the  remaining  piles  were  drawn  by 
the  derrick  aided  by  the  steam  hammer. 

As  a  rule,  all  the  piles  came  out  straight  and  in  a  condition  satis- 
factory for  use  in  other  work. 

After  the  removal  of  the   sheet-piling,  the  filling,  outshore  earth 

embankment,    and   inshore   rip-rap   embankment   will   be   removed   by 

dredging. 

Cost  of  Work. 

Dredging. — The  dredging  was  executed  under  two  separate  con- 
tracts, first  for  the  original  contract,  and  then  over  the  area  of  the 
supplementary  contract.  Under  the  first  contract,  271  882  cu.  yd.  were 
removed,  at  a  cost  of  23J  cents  per  cu.  yd.  Under  the  supplementary 
contract,  87  876  cu.  yd.  were  removed,  at  a  cost  of  27  cents  per  cu.  yd., 
making  a  total,  for  the  removal  of  material  by  dredging  down  to  solid 
rock,  of  $87  618.52. 

Cojfer-dam,  Roch  Excavation,  Walls,  etc. — After  due  advertise- 
ment of  the  specifications  and  plans,  based  on  an  engineer's  estimate 
of  $497  000,  for  the  cofier-dam  and  walls  of  the  pier,  the  Department 
obtained  thirteen  bids,  ranging  from  $750  000  to  $487  000,  the  low 
bid,  which  was  awarded  to  Holbrook,  Cabot  and  Rollins,  Incorporated. 

In  order  that  the  work  might  be  extended  southward  to  West  44th 
Street,  to  comprise  an  area  which  it  was  not  possible  to  include  at 
the  time  of  the  original  preparation  of  the  contract,  a  supplementary 
contract  was  entered  into  with  the  same  contractors  at  the  same  unit 
prices,  after  receiving  permission  from  the  Board  of  Estimate  and 
Apportionment  and  the  Board  of  Aldermen  to  extend  the  work  in 
this  manner. 

It  was  clearly  demonstrated  at  that  time  that  a  saving  of  fully 
$150  000  would  be  made  by   doing  the  work  in   connection  with  the 
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original  coffer-dam,  thereby  avoiding  the  cost  of  building  a  new  cotTer- 
dam  at  the  south  end  of  the  work. 

The  total  of  the  original  and  supplementary  contracts  for  the  work 
of  building  the  coffer-dam,  excavating  the  rock,  and  constructing  the 
concrete  walls  for  the  inner  part  of  the  pier  building,  was  $626  000. 

The  unit  price  for  the  removal  of  solid  rock  under  the  contract 
was  only  $1.60  per  cu.  yd.,  but  assuming  that  one-half  the  cost  of  the 
coffer-dam  should  be  charged  against  rock  excavation  and  the  other 
half  against  the  construction  of  the  concrete  walls  and  other  items 
within  the  coffer-dam,  the  actual  cost  for  the  removal  of  this  solid 
rock,  was  about  $5.31  per  cu.  yd. 

Conclusion. 

First. — Instead  of  excavating  this  large  quantity  of  subaqueous 
rock  by  the  "dry"  method,  the  work  might  have  been  performed  with- 
out a  coffer-dam  by  the  ordinary  method  of  rock  blasting  under  water, 
or,  in  other  words,  the  excavation  of  the  rock  "wet". 

If  it  were  possible  to  perform  this  work  so  as  to  obtain  under 
water  vertical  face  walls  to  the  exact  limits  of  the  slip,  it  would  have 
cost,  under  ordinary  normal  prices  for  this  class  of  work,  four  or 
five  times  as  much  as  by  the  method  adopted. 

It  is  not  possible  to  conceive,  however,  that  the  work  could  have 
been  done  under  water,  for,  as  a  matter  of  fact,  it  was  very  difficult 
to  do  it  with  line  drilling  in  the  open,  and  further,  even  were  it 
possible  to  deposit  concrete  in  a  satisfactory  manner  at  such  depths, 
part  of  the  work  in  addition  would  have  been  very  expensive. 

The  particular  result  obtained  by  the  construction  of  this  dam 
was  that,  although  all  preliminary  examinations,  borings,  soundings, 
etc.,  were  made  when  the  whole  territory  was  covered  by  filling  of 
all  kinds,  including,  in  places,  cribwork,  coal  yards  covered  with  coal, 
buildings,  etc.,  the  total  amount  paid  under  the  contract  obtained 
through  unit  prices  has  been  kept  close  to  the  original  estimates. 

Second. — The  whole  river  face  of  this  dam,  for  a  length  of  about 
800  ft.,  under  its  full  water  head,  was  absolutely  dry,  all  the  pumping, 
during  the  whole  construction  period  having  been  done  by  one  12-in. 
centrifugal  pump.  Furthermore,  all  this  pumping  would  have  been 
avoided,  although  much  more  was  expected,  had  it  not  been  for  the 
presence  of  cribwork  at  the  north  side,  and  on  account  of  the  impossi- 
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bility  of  driving  two  piles  in  the  large  cylinders  at  the  south  end, 
because,  in  driving,  a  boulder  or  some  other  interference  was  encoun- 
tered, rendering  it  impossible  to  drive  these  two  piles  home  for  a 
distance  of  only  about  1  ft. 

Supervision. 

The  work  was  executed  by  the  Department  of  Docks  and  Ferries, 
It.  A.  C.  Smith,  Commissioner  of  Docks,  and  R.  C.  Harrison,  First 
Deputy  Commissioner. 

The  design,  preparation  of  plans  and  specifications,  and  the  con- 
struction was  under  the  direction  of  the  writer,  as  Chief  Engineer, 
assisted  by  R.  T.  Betts,  M.  Am.  Soc.  C.  E.,  Deputy  Chief  Engineer; 
Mr.  T.  F.  Keller  and  Elias  Cahn,  Assoc.  M.  Am.  Soc.  C.  E.,  Assistant 
Engineers.  The  work  in  the  field  was  under  the  direction  of  J.  J. 
Remoff,  M.  Am.  Soc.  C.  E.,  Assistant  Engineer. 

The  contracting  firm  for  the  work  was  Holbrook,  Cabot  and 
Rollins,  Incorporated. 

Acknowledgment  is  made  by  the  writer  of  the  skill  and  persever- 
ance of  the  contractors,  particularly  of  T.  B.  Bryson,  Assoc.  M.  Am. 
Soc.  C.  E.,  on  the  work.  The  writer's  thanks  are  also  due  to  Brig.- 
Cen.  William  M.  Black,  M.  Am.  Soc.  C.  E.,  Chief  of  Engineers, 
U.  S.  A.,  for  advice  in  the  preparation  of  the  plans,  and  the  support 
of  his  assurance  that  this  work  could  be  accomplished  successfully 
provided  proper  construction  methods  were  used. 
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Synopsis. 

This  paper  describes  the  reconstruction  and  strengthening  of  the 
Stony  River  Dam,  which  failed  on  January  15th,  1914.  After  the 
failure,  on  investigation  of  the  foundation  conditions  and  the  parts 
of  the  structure  which  remained  intact,  it  was  found  that  those  por- 
tions required  strengthening  and  revision  in  a  number  of  important 
features.  The  lessons  indicated  by  the  results  of  the  investigation  are 
significant.  The  dam,  even  as  reconstructed  and  strengthened,  is 
founded  largely  on  clayey  soil,  thus  presenting  most  difficult  founda- 
tion conditions.  It  is  about  50  ft.  high  above  stream  level  and  85  ft. 
between  the  lowest  part  of  the  cut-off  wall  and  the  top  of  the  parapet. 

A  brief  resume  of  the  previous  history  of  the  dam,  including  the 
causes  of  its  failure,  is  first  given,  together  with  a  statement  of  the  con- 
trolling geological  and  foundation  conditions.  Then  follows  an  exposi- 
tion of  the  treatment  of  the  more  important  problems  involved  in  the 
reconstruction. 

The  spillway  capacity  was  increased  approximately  to  1  840  cu.  ft. 
per  sec.  per  sq.  mile.  The  reasons  for  providing  such  unusually  large 
capacity  are  given,  and  also  a  method  of  determining  the  absorption 
effect  of  a  reservoir  in  smoothing  off  the  peak  of  a  flood. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedinrrs.  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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The  most  important  problem  to  be  solved  was  that  of  giving  the 
original  structure  a  sufficient  margin  of  safety  against  sliding.  The 
results  of  tests  of  frictional  resistance  and  shearing  value  of  various 
soils,  principally  clays,  are  stated,  and  also  the  various  schemes  con- 
sidered for  increasing  the  resistance  to  sliding.  The  method  adopted 
is  believed  to  be  new,  and  consists  in  the  use  of  anchoring  walls  extend- 
ing to  a  considerable  depth  into  the  underlying  foundation  soil,  and, 
in  effect,  utilizing  the  weight  of  that  underlying  soil  as  well  as  the 
resistance  (to  horizontal  movement)  of  the  soil  immediately  down 
stream  from  the  structure.  The  details  of  construction  are  unique. 
The  same  principles  were  applied,  with  important  differences  in  detail, 
at  the  new  spillway  which  replaced  that  portion  of  the  structure  which 
had  failed  or  was  wrecked. 

Brief  reference  is  made  to  the  resistance  of  the  structure— both  in 
its  original  state  and  as  strengthened — to  failure  by  overturning. 

The  bearing  value  of  clayey  soil  is  discussed,  and  the  results  of  tests 
made  at  the  site  are  given.  The  anchoring  wall  added  at  the  toe  of 
the  original  structure  was  utilized  to  decrease  the  pressures  of  the 
foundation  soil.  The  method  of  strengthening  the  original  footings  is 
described.  Pressure  grouting  was  used  to  remedy  other  faulty  footing 
conditions. 

The  means  of  cutting  off  percolation  and  leakage  through  the 
foundation  soil  are  described,  also  the  provision  made  for  drainage, 
both  of  clayey  soil  and  of  shale  rock,  together  with  the  controlling  con- 
siderations in  these  and  similar  cases. 

The  higher  bulkhead  portions  of  the  original  structure  were  housed 
in  by  curtain-walls  and  roofs  in  order  to  prevent  serious  freezing  in  the 
drainage  system  and  to  fulfill  certain  other  functions  as  described. 

Miscellaneous  problems  in  the  reconstruction  and  strengthening 
involved  the  type  of  structure  for  the  new  spillway,  the  strength  of  the 
original  decks  and  buttresses,  the  underpinning  of  the  portions  of  the 
original  structure  immediately  adjoining  the  new  spillway,  the  con- 
struction of  a  protecting  and  anchoring  toe-wall  at  the  old  spillway,  the 
special  method  of  constructing  an  anchoring  wall  at  the  heel,  at  the 
outlet-gate  sections,  and  the  provision  of  an  outlet  channel. 

The  reliable  storage  capacity  of  the  reservoir  was  increased  by  25 
per  cent.  This  increase  was  made  permissible  by  the  use  of  special 
steel  bars   or  pins   acting  as  flash-board  supports.      These  pins  were 
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developed  for  the  purpose,  and  automatically  and  reliably  allow  the 
flash-boards  to  be  swept  off  the  spillway  crests  when  the  head-water 
reaches  a  pre-deternained  level. 

The  materials,  methods,  and  cost  of  reconstruction  are  discussed 
briefly.  Approximately,  as  much  concrete  was  required  for  the  recon- 
struction as  had  been  placed  in  the  original  structure. 

The  Stony  River  Dam  and  Reservoir  have  again  been  in  service 
since  May,  1915,  and  the  observed  results  of  the  reconstruction  and 
strengthening  are  stated  in  connection  with  the  corresponding  features 
of  design. 


Recoxstruction  of  Stony  River  Dam. 

The  failure  and  reconstruction  of  the  Stony  River  Dam  are  of 
interest,  not  because  of  the  height  or  dimensions  of  the  structure,  but 
because  it  is  largely  through  failures  and  mistakes  that  engineers  must 
learn  the  limitations  of  previous  methods  of  design  and  construction 
and  gather  hints  as  to  new  methods  to  be  used.  Furthermore,  in  the 
case  of  this  structure,  the  extremely  difl&cult  foundation  conditions 
made  the  problem  of  providing  a  safe  dam  at  that  site  one  requiring 
more  than  usual  thought  and  care.  Finally,  much  interest  attaches  to 
the  methods  used  to  make  safe  the  existing  structure,  that  is,  that 
portion  which  remained  intact  after  the  failure — it  being  noted  that  a 
comparatively  small  section  of  the  dam  actually  failed. 

It  seems  proper  at  this  point  to  emphasize  the  fact  that,  until  a 
structure  has  actually  failed,  its  "safety"  is  relative.  Seldom  do  any 
two  engineers  have  exactly  the  same  conception  or  measure  as  to  the 
factor  or  margin  of  safety  possessed  by  a  given  structure.  Especially 
is  this  true  in  the  case  of  dams. 

As  a  preface  to  the  description  of  the  reconstruction  and  the  prob- 
lems involved  therein,  the  following  brief  review  of  the  previous  history 
of  the  dam  is  pertinent.  The  details  have  been  gathered  from  various 
sources,  and  are  based  on  the  best  information  available  to  the  writer. 

Previous  History. 

In  1911  the  West  Virginia  Pulp  and  Paper  Company,  owner  of  the 

dam,  determined  to  investigate  the  feasibility  of  constructing  on  the 

head-waters  of   the   North   Branch  of  the  Potomac   River   a   storage 

reservoir  bv  which  to  increase  the  flow  of  the  river  at  its  Piedmont 
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pulp  and  paper  mill  at  Luke,  Md.,  near  Piedmont,  W.  Ya.  Its  require- 
ments of  water  for  manufacturing  purposes  were  such  that  during  low- 
water  seasons  the  normal  flow  of  the  stream  was  at  times  inadequate. 

After  an  investigation  of  the  available  sites  on  the  drainage  area 
above  the  Piedmont  mill,  the  owner  chose  the  water-shed  of  Stony 
River  as  offering  the  best  conditions  for  the  construction  of  a  storage 
reservoir.  Stony  River — which  at  the  site  of  the  dam  drains  only  11.4 
sq.  miles,  and  is  therefore  only  a  creek — lies  entirely  within  Grant 
Comity,  West  Virginia,  flowing  into  the  North  Branch  of  the  Potomac 
River  from  the  south  a  short  distance  above  Schell,  W.  Va.  The  mouth 
of  Stony  River  is  approximately  26  miles  up  stream  from  the  Piedmont 
mill.  It  is  only  near  its  upper  end  that  the  profile  is  flat  enough  to 
allow  the  construction  of  a  reservoir  at  a  practicable  cost  per  unit  of 
water  stored. 

Two  sites  examined  in  the  upper  reaches  of  Stony  River  were 
abandoned,  because  of  interference  with  a  seam  of  commercial  coal  in 
one  case  and  the  presence  of  quicksand  in  the  over-burden  in  the  other. 
The  third  and  final  site  was  chosen  with  the  approval  of  Edward 
Wegmann,  M.  Am.  Soc.  C.  E.,  who  had  been  engaged  by  the  owner  as 
Consulting  Engineer  for  the  purpose.*  This  site  is  approximately 
3  350  ft.  above  sea  level. 

An  examination  of  the  foundation  conditions,  deemed  at  the  time 
to  be  adequate,  was  made  by  test  pits  and  auger  borings.  After  this 
examination  it  was  concluded  that  the  depth  to  bed-rock  was  so  great 
as  to  prohibit  the  construction  of  a  solid  masonry  dam,  and  that  the 
surface  soil  in  the  neighborhood  of  the  dam  was  not  of  such  a  nature 
as  to  warrant  the  construction  of  an  earth  fill  dam.  It  had  been  the 
intention  of  the  Company  to  build  a  dam  of  one  of  these  types,  but, 
under  the  circumstances,  it  was  decided  to  construct  a  hollow  rein- 
forced concrete  structure  wiih  a  height  of  about  50  ft.  above  the  original 
water  surface  and  a  length  of  about  1  075  ft.  The  resulting  capacity 
was  approximately  1  533  000  000  gal.  below  the  elevation  of  the  spill- 
way crest. 

Certain  companies  were  invited  to  submit  plans  and  bids  for  the 
construction  of  such  a  dam.  On  the  basis  of  the  bids  received,!  a  con- 
tract was  entered  into  with  Mr.  Frederick  G.  Webber,  President  of  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVII,  p.  1069. 
t  Engineering  News,  September  5th,  1912. 


Papers.]  RECONSTEUCTION   OF   THE    STONY    RIVER   DAM  1G5 

Webber  Construction  Company,  for  the  construction  of  a  dam  accord- 
ing to  plans  submitted  by  the  Ambursen  Hydraulic  Construction  Com- 
pany, licensor. 

Work  was  begun  by  the  contractor  about  June  1st,  1912,  and  carried 
on  until  February,  1913.  At  that  time  the  Company  took  the  work 
from  the  original  contractor  and  engaged  the  Ambursen  Hydraulic 
Construction  Company  to  complete  the  work.  The  latter  company  took 
over  the  work  in  March,  1913,  and  completed  it  in  July,  1913. 

The  details  of  the  original  construction  have  been  fully  described 
by  G.  H.  Bayles,  M.  Am.  Soc.  C.  E.,  Kesident  Engineer  for  the  owner 
during  the  construction.*  Variations  of  actual  conditions  from  those 
assumed  in  the  original  design  and  construction  will  be  discussed  later 
in  this  paper.    Fig.  1  shows  the  dam  as  originally  built. 

The  storage  of  water  in  the  reservoir  was  begun  in  May,  1913,  that 
is,  prior  to  the  completion  of  the  dam.  The  reservoir,  however,  was  not 
completely  filled  until  the  late  autumn,  and  the  water  level  had  been 
at  the  spillway  crest  for  about  65  days  prior  to  the  failure  of  the  dam. 
There  had  been  but  little  flow  over  the  spillway. 

The  failure  occurred  on  January  15th,  1914,  the  cause,  in  the 
opinion  of  the  writer,  being  the  washing  out  of  the  foundation  soil  by 
leakage  from  the  reservoir  under  an  up-stream  cut-off  wall  of  inade- 
quate depth.  It  is  probable  that  there  were  conclusive  signs  of  impend- 
ing trouble  for  several  days  earlier  (perhaps  as  early  as  January  10th), 
in  the  way  of  water  flowing  through  weep-holes  in  the  floor  or  footing 
of  the  dam  at  or  near  the  section  where  failure  finally  occurred.  With 
proper  attention  on  the  part  of  the  operating  attendant  at  the  dam, 
the  reservoir  could  probably  have  been  drained  in  time  to  avoid  the 
failure  which  occurred. 

It  is  not  the  purpose  in  this  paper  to  discuss  the  failure  in  detail, 
inasmuch  as  it  has  been  described  adequately  in  articles  in  engineering 
periodicals. t  For  the  sake,  however,  of  making  clear  the  description 
of  the  design,  and  the  work  involved  in  the  reconstruction.  Figs.  2,  3, 
and  4  are  submitted,  showing  the  portion  of  the  dam  which  failed. 

As  a  matter  of  personal  interest,  the  writer  visited  the  site  as  soon 
as  practicable  after  the  failure,  and  spent  portions  of  January  18th 
and  19th,  1914,  there.     At  the  time  of  his  inspection  the  main  outlet- 

•  Engineering  News,  January  22d,  1914. 

f  Engineering  News,  January  22d,  1914;  Engineering  Record,  January  24th, 
1914.  .  ■ 
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gate  in  the  dam  had  been  opened,  and  the  reservoir  had  already 
been  completely  drained,  so  that  Stony  Kiver  was  flowing  in  its  normal 
channel  at  the  center  of  the  valley,  and  not  through  the  break,  which 
occurred  at  a  higher  level,  and  on  the  west  bank  of  the  valley.  Based 
on  the  inspection  made  at  that  time,  the  writer  prepared  and  furnished 
to  the  Public  Service  Commission  of  West  Virginia,  at  its  request,  his 
conclusions  as  to  the  failure  of  the  dam.  These  conclusions,  dated 
January  22d,  1914,  were  as  follows : 

1. — Complete  failure  occurred  between  Buttresses  11  and  16,  in- 
volving a  length  of  approximately  75  ft.  out  of  a  total  crest 
length  of  approximately  1  075  ft.  At  least  three  additional 
bays,  viz. J  as  far  eastward  as  Buttress  19,  were  damaged  so  as 
to  require  practically  complete  rebuilding.  Similarly,  the 
faulty  cut-off  wall  construction  and  certain  damage  done  west- 
wardly  from  Buttress  11  must  be  remedied. 

2. — Failure  was  caused  by  the  undermining  of  the  over-burden  or 
soil  under  the  up-stream  cut-off  wall.  The  over-burden  is  in 
general  clayey,  but  non-homogeneous.  Undermining  was 
initiated  by  leakage  of  water  from  the  reservoir  under  approxi- 
mately 25  ft.  head  through  permeable  over-burden  not  pen- 
etrated by  the  cut-off  wall. 

3. — The  pressure  of  ice  on  the  reservoir  against  the  deck  of  the 

dam  did  not  contribute  to  the  failure. 
4. — The   dam   was   of  the  Ambursen,   hollow,   reinforced   concrete 
type.     The  type  of  dam  was  not  in  any  way  a  cause  of  failure. 

5. — The  quality  of  concrete  and  character  of  construction  were 
good. 

6. — Failure  occurred  where  the  up-stream  cut-off  wall  extended 
only  a  short  depth  (5  to  7  ft.)  into  the  over-burden.  Where 
the  up-stream  cut-off  wall  extended  to  a  comparatively  greater 
depth  (said  to  be  to  rock),  failure  was  checked,  and  the  cut-off 
wall  is  still  intact. 

7.— The  preliminary  exploration  and  investigation  of  the  dam  site 
were  not  sufficiently  comprehensive,  and  did  not  develop  essen- 
tial and  all-important  facts. 
8. — The  technical  advisers  consulted  in  connection  with  the  founda- 
tion of  the  dam  were  not  familiar  with  local  conditions.     The 
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Fig.   1. — Stony  River  Dam,  as  Originally  Constructed. 


Fig.   2. — Break  and  Wash-Out  op  Stony  River  Dam,  January  18th,  1914. 
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Pig.   3. — Eastern  Edge  of  Break  in  Stonv  River  Dam.  .January  18th,  1914. 


Fig.   4. — Buttress  11  of  Stony  River  Dam.  Jant'ary  18th,  1914. 
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geological  factors  at  the  dam  site  were  not  suiHciently  con- 
sidered. 

9. — The  conditions  obtaining  at  the  Stony  River  dam  site  are  such 
that  a  safe  dam  could  be  built  there.  Whether  the  portion  of 
the  dam  still  intact,  and  with  its  core-wall  reported  to  extend 
down  to  rock,  has  sufficient  factors  of  safety,  depends  on 
facts  of  which  we  do  not  have  accurate  knowledge.  Further 
investigation  should  be  made  as  to  this  question. 

10. — The  mechanism  for  operating  the  outlet-gates  and  valves  is 
not  sufficiently  protected  against  ice  formed  by  otherwise  harm- 
less leakage  through  the  deck  of  the  dam;  nor  is  such  mecha- 
nism readily  accessible  under  all  conditions. 

11.— r-Although  the  dam  should,  and  could,  have  been  designed  and 
constructed  so  as  to  be  absolutely  safe,  regardless  of  the  gate 
mechanism  and  the  character  of  the  attendance,  yet,  even  in 
this  instance,  had  the  attendant  been  observant  and  resource- 
ful, it  would  have  been  possible  to  open  the  sluice-gates  in 
ample  time  to  drain  the  reservoir  sufficiently  to  have  obviated 
failure  of  the  dam. 

12. — Published  newspaper  reports  have  grossly  exaggerated  the 
details  of  the  failure  and  the  extent  of  the  damage  to  property. 

In  general,  the  foregoing  summarized  conclusions  on  the  part  of 
the  writer  still  hold  good.  It  may  be  well  to  point  out,  however,  that 
the  writer  distinguishes  between  the  "character  of  construction  work" 
and  the  design  of  the  structure. 

The  location  of  the  break  in  the  dam,  with  reference  to  the  entire 
profile,  is  shown  on  Plate  II.  Complete  failure,  as  previously  stated, 
involved  a  length  of  about  75  ft.,  viz.,  between  Buttresses  11  and  16, 
but  certain  additional  damaged  work  was  removed,  so  that  the  gap  in 
the  dam  to  be  closed  during  the  reconstruction  work  comprised  a  total 
length  of  135  ft.,  viz.,  between  Buttresses  10  and  19. 

In  February,  1914,  the  writer  was  engaged  as  Consulting  Engineer 
by  the  West  Virginia  Pulp  and  Paper  Company  to  take  charge  of  the 
proposed  reconstruction.  He  desires  to  emphasize  the  point  that  he 
was  not  requested  to  place  the  responsibility  for  the  failure,  nor  did  he 
attempt  to  do  so.  It  is  fair  to  note,  however,  that  in  this  case,  unlike 
most  other  failures,  no  criticism  has  been  heard  directed  against  the 
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owner,  that  is,  against  the  executive  oflS.cers  of  the  West  Virginia  Pulp 
and  Paper  Company,  on  the  score  that  economy  was  preferred  to  safety. 
Moreover,  in  connection  with  the  proposed  reconstruction,  the  execu- 
tive officers  of  the  Company  proceeded  on  the  principle  that  either  the 
dam  should  be  reconstructed  so  as  to  be  reliably  safe,  or  no  attempt 
should  be  made  to  utilize  the  damaged  structure.  The  same  attitude 
was  manifested  throughout  the  entire  period  of  reconstruction. 

Prior  to  the  final  decision  to  proceed  with  the  actual  work  of  recon- 
struction, the  entire  structure  and  foundation  conditions  were  inves- 
tigated carefully,  in  order  to  discover  any  features  of  design  or  con- 
struction involving  insufficient  margins  of  safety.  Not  until  about 
August  1st,  1914,  did  the  owner  finally  decide  to  reconstruct.  The  work 
was  finished  in  May,  1915,  though  the  storage  of  water  in  the  reservoir 
had  been  resumed  several  months  earlier. 

Geological  and  Foundation  Conditions. 

The  available  information  regarding  foundation  conditions  was 
found  to  be  so  inadequate  that  the  investigation  which  followed  had 
to  be  made  practically  as  complete  as  though  there  had  been  no  dam  on 
the  site.  In  fact,  the  existence  of  a  dam  at  the  site  necessitated  addi- 
tional exiiloration  to  determine  the  adequacy  of  the  cut-off. 

An  F-1  Davis  Calyx  core-drill  was  placed  on  the  work,  and  by  it  ten 
holes  were  sunk.  The  deepest  hole  was  sunk  to  approximately 
100  ft.  below  ground  surface;  several  other  holes  were  carried 
to  depths  of  approximately  80  ft.  Usually,  the  strata  penetrated  were 
sufficiently  tight  to  retain  in  the  hole  the  water  necessary  for  the  shot- 
drilling  process.  In  other  cases,  however,  especially  on  the  east  bank 
of  the  valley,  seams  were  encountered  in  the  rock,  and  these  were  of 
such  capacity  that  it  was  difficult  to  keep  sufficient  water  in  the  holes 
to  allow  the  drilling  to  proceed. 

Numerous  test  pits  were  sunk,  the  majority  being  immediately 
adjacent  to,  and  up  stream  from,  the  original  cut-off  wall.  Such  test 
pits  not  only  exposed  the  character  of  the  over-burden,  but  also  per- 
mitted an  examination  of  the  original  cut-off  and  the  efficacy  of  its 
seal  into  the  bed-rock.  Several  of  the  test  pits  extended  to  a  depth  of 
approximately  45  ft.,  and  were  sunk  at  considerable  expense,  because 
of  the  inflow  of  water  and  the  necessity  for  sheeting  the  pits  for  prac- 
tically their  entire  depth. 
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On  Plate  II  are  shown  the  locations  of  the  core-drill  holes,  the  logs 
thereof,  and  the  "lay"  of  the  rock  strata  as  deduced  from  the  logs  and 
other  records.  This  plate  shows,  also,  the  profile  of  the  original  ground 
surface  of  the  valley.  It  is  apparent  that  the  axes  of  the  original 
valley  and  of  the  present  valley  do  not  coincide.  By  "original"  valley 
is  meant  that  valley  which  existed  at  the  time  the  stream  was  still 
■eroding  the  bed-rock  and  was  in  immediate  contact  with  that  rock. 
At  that  time  the  axis  of  the  valley  was  approximately  at  the  west  end 
■of  the  old  spillway,  or  at  about  Station  5  -\-  50.  As  time  went  on,  the 
stream  ceased  its  cutting  or  eroding  action  and  began  to  build  up  the 
floor  of  the  valley  by  depositing  sediment  and  gravel.  At  the  sides  of 
the  valley  this  process  was  apparently  aided  materially  by  "slips"  and 
talus  from  the  hillsides. 

During  this  process  Stony  River  meandered  back  and  forth  across 
the  valley  until  at  present  the  axis  of  the  valley  is  approximately  at 
Station  4  +  40.  If,  in  the  profile  shown  on  Plate  II,  the  original  and 
the  present  locations  of  the  stream-bed  were  to  be  connected  by  a  line 
passing  through  all  the  intermediate  locations  of  the  stream-bed,  such 
connecting  line  would  have  an  extremely  irregular  or  zigzag  course. 
Water-worn  boulders  and  gravel  were  found  strewn  through  various 
portions  of  the  over-burden  as  exposed  by  the  exploratory  work,  tes- 
tifying to  the  fact  that  they  had  been  deposited  by  the  stream  in 
ages  past. 

The  Stony  River  Valley  lies  in  the  geological  formations  of  the 
Carboniferous  period.  The  lower  portion  of  the  valley,  at  the  dam  site, 
lies  in  what  is  known  locally  as  the  Savage  formation,  one  of  the  prin- 
cipal features  of  which  is  the  Davis  or  Kittanning  coal,  which  is  of 
commercial  importance  throughout  this  region. 

The  general  characteristics  and  slope  of  the  formations  are  indi- 
cated roughly  in  the  Piedmont  folio  (West  Virginia)  of  the  United 
States  Geological  Survey.  The  detailed  geological  correlations  at  the 
dam  site,  however,  were  far  from  simple.  Variability,  rather  than  uni- 
formity or  persistency,  characterizes  the  Savage  formation,  and  no- 
where is  this  exemplified  better  than  at  the  site  in  question.  From  the 
core-drilling  data  it  is  apparent  that  lentils  abound,  that  relatively  soft 
strata  are  interbedded  with  hard  strata,  and,  what  is  of  even  greater 
importance,  that  the  geological  horizons,  which  at  one  location  offer 
iinpervious  strata,  show  decidedly  pervious  strata  at  other  locations. 
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The  characteristic  rocks  are  shales  of  a  laminated  or  seamy  char- 
acter, as  shown  in  the  typical  section,  Fig.  6.  Here  and  there  lentils 
of  coal  and  black  slate  are  interbedded  in  them.  At  approximately  the 
location  of  the  break,  viz.,  in  the  neighborhood  of  Station  2  +  00,  the 
shales  were  found  to  be  so  crumpled  and  crushed  by  folding  near  the 
surface  as  to  require  their  excavation  in  the  process  of  reconstruction. 

It  is  not  believed  that  this  condition  had  any  relation  to  the  failure 
of  the  dam,  but  it  is  probably  true  that,  once  the  dam  had  failed  and 
the  reservoir  was  being  emptied  through  the  break,  the  erosion  of  the 
bed-rock  immediately  down  stream  from  the  place  of  failure  was 
facilitated  considerably  by  this  local  surface  crumpling  of  the  shales. 

At  the  east  side  of  the  valley  (the  left  side  of  the  profile  in  Plate 
II)  heavy  sandstones  were  encountered.  Evidently,  at  the  time  the 
valley  was  formed  by  the  process  of  stream  erosion,  the  sandstones 
caused  the  formation  of  overhanging  cliffs,  under-  which  the  softer 
strata  were  eroded.  Frost  and  other  natural  forces,  however,  had  their 
effect,  even  on  these  sandstone  cliffs,  with  the  result  that  they  became 
fissured,  though  the  boulders  which  were  thus  cracked  off  probably  did 
not  move  far  from  their  original  location.  In  fact,  excavations  made 
under  the  original  cut-off  showed  that  in  the  original  construction 
certain  of  these  boulders  or  false  cliffs  had  been  mistaken  for  bed-rock, 
and  that  under  them  there  was  actually  pervious  material,  such  as  the 
disintegrated  coal  shown  in  the  profile  immediately  to  the  west  of 
Station  9  -f  00. 

The  over-burden  or  foundation  soil  at  this  site  is  mainly  of  a  clayey 
nature.  It  is  far  from  being  homogeneous,  as  is  evident  from  Fig.  7, 
which  shows  typical  soil  conditions  at  Buttress  11.  In  general,  the  soil 
near  the  surface  is  loamy  and  more  pervious  than  that  immediately 
overlying  the  bed-rock.  Near  the  middle  of  the  valley,  however,  the 
conditions  are  reversed,  and  there  deposits  of  pervious  materials,  such 
as  gravels,  were  found  at  considerable  depths. 

A  catalogue  of  the  constituent  materials  of  the  over-burden  shows : 

Yellow  clay impervious,  of  fair  bearing  value. 

Blue  clay impervious,  of  fair  bearing  value. 

Black  clay  or  gumbo,  .impervious,  of  fair  bearing  value  when  dry 
or  only  moist,  but  of  poor  bearing  value 
when  saturated  with  water. 
Sand  and  gravel pervious,  but  of  good  bearing  value. 
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Fig.   5. — Buttresses   16  to   19,   Stony   River   Dam, 
March  16th,  1914. 


Fig.   6. — Typical  Section  of  Shale  at  Site  of  Stony  River  Dam, 
Near  Point  of  Failure. 
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Fig.  7. — Typical  Foundation  Soil  Conditions  at  Buttress  11,  Stony  River  Dam. 


Fig.   8. — Test  of  Frictional  Resistance. 
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Loamy  sand in  minor  quantities,  pervious,  of  poor  bear- 
ing value. 

Sandy  clay fairly  water-tight,  of  fair  bearing  value. 

Shale  fragments not  in  place,  and  in  various  stages  of  dis- 
integration, mostly  permeable,  of  fair  bear- 
ing value. 

Boulders in  considerable  numbers,  and,  of  course,  of 

excellent  bearing  value. 

The  bearing  values,  as  referred  to  in  the  foregoing,  are  relative; 
comparison  is  made  with  the  bearing  values  of  other  materials  present 
in  the  over-burden,  and  not  with  those  of  granite  or  even  of  the  shale 
rock  on  which  the  new  buttresses,  11  to  18,  inclusive,  are  founded. 
The  materials  occurred  in  no  regular  order. 

Such  foundation  conditions  required  the  most  serious  consideration 
and  care  in  construction.  In  general,  the  designs  involved  in  the  work 
of  reconstruction  were  based  on  the  assumption  that  the  worst  condi- 
tions might  exist  at  any  bay.  In  view  of  the  findings  of  the  exploration 
work,  it  appeared  logical,  however,  to  attribute  higher  bearing  values 
and  greater  resistance  to  percolation  to  the  foundation  soil  of  the  east 
hillside,  that  is,  roughly,  east  of  Station  5  +  00,  for  in  that  portion  of 
the  valley  there  is  more  clay,  and  it  is  of  a  better  character. 

Simultaneously  with  the  work  of  core-drilling  and  sinking  test 
pits,  the  wrecked  portions  of  the  dam  were  removed,  and  the  under- 
lying foundation  soil  was  stripped  from  the  bed-rock,  thus  permit- 
ting a  first-hand  study  of  the  strata  on  which  were  to  be  founded 
the  buttresses  which  were  to  replace  those  taken  out.  Such  excava- 
tion was  actually  a  part  of  the  reconstruction,  inasmuch  as  it  would 
have  been  necessary  later,  if  it  had  not  been  made  as  part  of  the 
exploratory  work.  The  investigation  was  completed  in  June,  1914, 
and  designs  and  recommendations  for  reconstruction  based  on  the 
findings  were  prepared  immediately. 

An  explanation  of  the  treatment  of  the  more  important  problems 
of  the  reconstruction  follows. 

Spillway  Provision. 

Original  Spillway  Capacity. — A  problem  affecting  most  of  the 
other  features  of  design — because  it   determined  the   probable   maxi- 
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mum  head-water  level,  and  hence  afPected  the  probable  maximum 
stresses — was  that  of  the  spillway  capacity  to  be  provided.  The  orig- 
inal spillway  provision  was  apparently  inadequate,  being  only  about 
2  800  sec-ft.  with  water  level  at  the  elevation  of  the  original  crest 
of  the  bulkhead  sections  of  the  dam,  viz..  Elevation  139  (Plate  II). 
In  fact,  it  is  likely  that  the  actual  safe  flood  discharging  capacity 
would  have  been  somewhat  less,  for  the  original  spillway  crest  had 
not  been  given  the  most  advantageous  shape. 

Assuming  the  drainage  area  to  be  11.4  sq.  miles,  as  shown  by  the 
"Piedmont"  topographical  quadrangle  issued  by  the  U.  S.  Geological 
Survey,  the  original  spillway  capacity  was  less  than  250  sec-ft.  per 
sq.  mile  of  drainage  area. 

Pertinent  Records  of  Flood  Flow. — In  general,  in  a  given  region, 
the  smaller  the  drainage  area  the  larger  the  maximum  unit  run-off 
and  flood  flow.  So-called  cloudbursts  are  limited  as  to  area  affected, 
but  certainly  the  Stony  Eiver  drainage  area  is  sufficiently  small  to 
fall  within  the  territorial  limits  of  a  cloudburst.  It  happens  that 
there  are  two  important  and  applicable  records*  of  flood  discharge, 
namely,  those  of  the  floods  on: 

Cane  Creek,  at  Bakersville,  ISI".  C,  May  19th-20th,  1901;  drain- 
age area,  22  sq.  miles ;  estimated  maximum  discharge,  1  386 
sec-ft.  per  sq.  mile;  elevation  above  sea  level  at  point  of 
measurement,  approximately  2  450  ft.  (U.  S.  G.  S.  datum)  ; 
elevation  of  highest  point  in  water-shed,  approximately 
5  330  ft.;  and 

Elkhom  Creek,  at  Keystone,  W.  Ya.,  June  22d,  1901;  drainage 
area,  44  sq.  miles ;  estimated  maximum  discharge,  1  363  sec-ft. 
per  sq.  mile;  elevation  at  point  of  measurement,  approxi- 
mately 1 600  ft. ;  elevation  of  highest  point  in  water-shed, 
approximately  3  365  ft. 

The  fact  that  both  of  these  extreme  floods  occurred  in  the  South- 
ern Appalachian  mountain  system,  in  which  the  Stony  River  dam  is 
situated,  and  the  further  fact  that  the  several  drainage  areas  in  ques- 
tion, including  that  of  Stony  River  (with  the  dam  at  approximately 
Elevation  3  350  and  the  highest  point  in  the  water-shed  at  approxi- 
mately Elevation  4  200),  are  at  not  widely  differing  altitudes,  cause 

•  Engineering  News,  August  7tli,  1902. 
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these  two  records  to  be  exceptionally  valuable  for  purposes  of  com- 
parison. These  drainage  areas  are  apparently  quite  similar  in  their 
physical    characteristics. 

The  records  referred  to  were  reported  by  Mr  E.  W.  Myers,  then 
Engineer  of  the  North  Carolina  Geological  Survey,  and  Assistant 
Hydrographer  of  the  U.  S.  Geological  Survey.  It  is  to  be  admitted 
that  the  method  of  measurement  was  probably  not  such  as  to  warrant 
expressing  the  discharges  to  the  nearest  second-foot;  on  the  other 
hand,  an  examination  of  the  data  does  not  warrant  one  in  disregard- 
ing the  records  or  assuming  that  the  maximum  flood  discharges  were 
materially  less  than  those  stated. 

Although  the  Cane  Creek  flood  was  estimated  to  have  been  actu- 
ally of  slightly  greater  intensity  than  that  of  Elkhorn  Creek,  yet 
relatively,  and  for  the  purpose  of  predicting  the  maximum  probable 
flood  discharge  from  the  drainage  area  above  the  Stony  River  dam, 
the  Elkhorn  Creek  flood  is  of  considerably  greater  importance,  because 
of  the  fact  that  the  drainage  area  at  the  point  of  measurement,  is 
twice  as  great  as  in  the  case  of  Cane  Creek.  For  detailed  data,  how- 
ever, one  must  work  from  the  records  of  the  Cane  Creek  flood,  as  in 
that  case,  fortunately,  Mr.  Myers  made  an  estimate  of  the  average 
discharge  during  each  hour  of  the  flood,  as  well  as  an  estimate  of 
the  maximum  discharge  during  the  flood.  In  the  graph  of  this  flood. 
Fig.  12,  the  run-off  of  Cane  Creek  has  been  reduced  in  proportion 
to  the  drainage  area,  so  as  to  be  applicable  to  the  drainage  area  above 
the  Stony  River  Dam.  Granting  that  the  Cane  Creek  data  are  only 
approximate,  they  nevertheless  appear  to  be  well  worth  while  adopt- 
ing as  a  basis  of  study. 

It  is  noteworthy  that  all  available  records  indicate  that  in  the 
region  under  consideration  maximum  rains,  of  sufficient  duration  to 
tax  the  equalizing  capacity  of  the  reservoir,  do  not  occur  in  the  early 
spring,  and  hence  do  not  coincide  with  the  melting  of  the  snow.  For 
this  reason  it  was  assumed  that  the  greatest  flood  to  be  anticipated 
at  the  Stony  River  Dam  would  be  due  solely  to  rainfall. 

Comparison  with  Records  of  Maximum  Rainfall. — For  practical 
purposes,  it  may  be  assumed  that  the  Elkhorn  and  Cane  Creek  floods 
were  of  equal  intensity  when  reduced  to  a  unit  basis.  The  following 
remarks,  based  on  the  Cane  Creek  record,  are  consequently  applicable 
also  to  the  even  more  important  Elkhorn  Creek  record. 
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Both  these  floods  were  undoubtedly  caused  by  local  cloudbursts 
which  occurred  after  previous  rains  had  saturated  the  respective  drain- 
age areas.  For  the  purpose  of  comparison  with  rainfall  records, 
therefore,  it  may  be  assumed  that  the  maximum  run-off  per  hour 
was  approximately  equal  to  the  maximum  rainfall  per  hour.  In  the 
case  of  the  Cane  Creek  flood  it  is  reported  that,  during  the  hour  of 
maximum  run-oll,  the  discharge  was  at  an  average  rate  of  1  202  sec-ft. 
per  sq.  mile,  corresponding  to  a  rainfall  at  the  rate  of  approximately 
1.86  in.  per  hour. 

Referring  to  Fig.  9,  showing  the  duration  of  maximum  intensi- 
ties of  rainfall  in  the  United  States,  it  will  be  noted  that  the  maxi- 
mum rate  of  rainfall  previously  derived  for  the  Cane  Creek  flood 
falls  well  within  the  limits  of  the  highest  records  shown. 

Bulletin  D  of  the  U.  S.  Weather  Bureau,  the  basis  of  the  princi- 
pal data  of  Fig.  9,  includes  only  records  obtained  after  the  establish- 
ment of  self-registering  gauges  in  1893,  but  prior  to  1897.  Because 
of  the  limited  period  which  it  covers,  and,  further,  because  of  the 
limited  number  of  precipitation  stations  involved,  it  is  certain  that  the 
data  of  Bulletin  D  are  only  indicative,  and  not  comprehensive  or 
conclusive. 

This  fact  is  illustrated  further  by  the  record  of  an  excessive  rain- 
fall at  Raleigh,  N.  C,  on  Tuesday,  July  14th,  1914,  which  has  been 
plotted  on  Fig.  9.  It  should  be  remembered,  of  course,  that  records 
of  excessive  rainfall  such  as  that  at  Raleigh  are  not  of  controlling 
importance  in  the  present  case,  because  they  are  not  of  sufficient 
duration  to  tax  the  equalizing  capacity  of  the  reservoir. 

On  Fig.  9  there  has  also  been  plotted  a  curve  (6),  derived  from 
the  graph  shown  on  Fig.  12,  on  the  assumptions  that  during  the  90 
min.  of  greatest  run-off,  in  the  case  of  the  Cane  Creek  flood,  the  rain- 
fall likewise  was  at  its  maximum,  and  that  during  such  period  the 
run-off  was  equal  to  the  rainfall,  variations  being  simultaneous. 
These  assumptions,  of  course,  are  not  strictly  true,  as  the  maximum 
rate  of  run-off  could  not  have  been  equal  to  the  maximum  rate  of 
rainfall.  Necessarily,  there  must  be  some  equalization,  and  it  is  evi- 
dent from  an  inspection  of  the  Cane  Creek  flood  curve  (h)  of  Fig. 
9  that  in  this  instance  there  must  have  been  a  considerable  difference 
between  the  maximum  rates  of  run-off  and  rainfall. 


Papers.]  EECONSTRUCTION   OF   THE   STONY   RIVER   DAM 


183 


Yet,  even  allowing  for  a  reasonable  equalization  or  smoothing  off 
of  the  peak  of  the  rainfall,  as  compared  with  the  peak  of  the  run-off, 
it  is  apparent  that  the  rainfall  which  caused  the  Cane  Creek  flood 
was  by  no  means  as  great  as  may  be  expected  in  either  the  Cane  Creek 


DURATION  OF  MAXIMUM    INTENSITIES  OF 
RAINFALL   IN    UNITED  STATES 

CuTve(a)  For  authority  see  p.  58. Bulletin  D, 
U.S. W.B.  1897.  Records  probably 
cover  only  years  1893-96,  inclusive. 
Curve (^6.)  Cased  on  assumption  that  maximum 
rainfall  was  equal  to  maximum 
run-oflf. 

Carve(C)  Assumed  maximum fl«od  for  Stony 
River,   W.  Va.   Drainage  area 
representing  conditions  50  per  cent 
more  severe  than  those  of  (b) 

Curve  fd^ Reported  through  U.S.  W.B.  office 
at  Pittsburgh.  Pa. 
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(C) 
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(a) 
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Duration  of  rainfall,  in  minutes. 

Fig.  9. 

or  Stony  River  localities.     This  conclusion  is  confirmed  by  a  study  of 
the  total  rainfall  in  24  hours. 

The  total  run-off,  as  shown  in  Fig.  12,  for  the  24-hour  period  begin- 
ning at  7  p.  M.,  May  19th,  1901,  is  equivalent  to  a  depth  of  Y.48  in. 
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over  the  whole  Cane  Creek  drainage  area  of  22  sq.  miles.  For  the 
same  period  it  is  reported  that  records  at  precipitation  stations  rea- 
sonably near  the  Cane  Creek  water-shed  show  a  total  of  8  in.  of  rainfall. 
(The  fact  that  these  two  figures  check  so  closely  indicates  that  the 
estimate  of  the  Cane  Creek  flood  discharge  is  reasonably  accurate.) 

As  compared  with  this  24-hour  rainfall,  there  were  available  24-hour 
rainfall  records  at  other  points  in  the  United  States  east  of  the  Missis- 
sippi River  which  were  instructive  with  reference  to  the  problem,  as 
follows : 

Carlisle,  Pa 9.35  in.  August  26th-2Yth,  1899. 

Newton,  Ala 10.29    "  March  22d,  1897. 

Wheeler,  Ohio 10.47    "  May  16th-17th,  1893. 

Horse  Cove,  K  C.  11.00    "  October  3d-4th,  1898. 

Morgan,   Ga 11.52    "  March  21st-22d,  1897. 

Manning,  S.  C 13.22    "  August  27th-28th,  1893.       • 

Falkland,  N.  C 13.55    "  August  3d-4th,  1894. 

Jewell,  Md 14.75*  "  July  26th-27th,  1897. 

Sebastian,  Fla 19.08    "  October  2d-3d,  1899. 

The  foregoing  records  are  by  no  means  complete,  inasmuch  as 
they  refer  only  to  the  period,  1891-1899,  inclusive.  On  the  basis 
of  these  records,  and  taking  the  geographical  position  and  topography 
into  account,  it  appeared  proper  to  assume  that  the  greatest  flood 
reasonably  to  be  provided  for  at  Stony  River  would  be  the  result 
of  a  total  rainfall  of  about  12  in.  in  24  hours  on  the  drainage  area 
above  the  dam  site.f 

Spillway  Capacity  Provided  in  the  Reconstruction. — The  foregoing 
considerations  having  made  it  evident  that  additional  spillway  capacity 
must  be  provided,  the  volume  of  such  additional  capacity,  and  the 
means    of    providing    it,    remained    to    be    determined.      No    attempt 

*  Reported  actually  to  have  occurred  within  18  hours. 

t  Since  the  reconstruction,  the  following  pertinent  data  have  come  to  the  atten- 
tion of  the  writer : 

(1)  A  run-off  having  a  rate  between  2  000  and  2  333  sec-ft.  per  sq.  mile  is 
reported  to  have  occurred  over  a  drainage  area  of  about  IVz  sq.  miles  near 
Le  Roy,  N.  Y.,  in  May,  1916.     Engineering  News,  June  24th,  1916,  p.  842. 

(2)  For  July  8th,  1916,  Professor  Alfred  J.  Henry,  U.  S.  Weather  Bureau, 
reports  that  the  area  (Alabama  and  Georgia)  covered  by  a  24-hour  rain- 
fall of  8  in.  and  more  was  about  4  945  sq.  miles.  Monthly  Weather  Review, 
August,  1916,   p.  467. 

(3)  A  24-hour  rainfall  of  22.22  in.  is  reported  to  have  occurred  on  July  15th- 
16th.  1916,  at  Altapass,  Mitchell  County,  N.  C.  (Elevation  2  625).  Ibid, 
p.  467. 

(4)  It  is  reported  that  rain  fell  at  the  rate  of  5.21  in.  per  hour  for  25  min.  at 
Mobile,  Ala.,  on  July  8th,  1916.     Ibid,  p.  468. 
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will  be  made  in  this  paper  to  discuss  the  alternatives  considered  for 
increasing  the  original  spillway  capacity  of  the  dam,  for  such  alter- 
natives differed  essentially  only  as  to  the  extent  to  which  the  several 
available  factors  were  utilized.  Instead,  the  conditions  caused  by  the 
maximum  flood,  within  the  limits  of  reason,  will  be  applied  to  the 
means  finally  adopted  for  increasing  the  spillway  capacity,  in  order 
to  test  the  adequacy  of  these  means.  The  adopted  spillway  pro- 
vision, which  will  be  understood  by  reference  to  Plate  II,  was  obtained 
by  the  following  means: 

1. — Reconstructing  that  portion  of  the  original  bulkhead  section 
of  the  dam  between  Buttresses  10  and  19  to  form  a  second 
spillway.  The  transverse  cross-section  of  this  new  spillway 
is  shown  in  Plate  III.  It  was  provided  with  a  suitable 
reinforced  concrete  channel  mat  extending  about  85  ft.  down 
stream  from  the  bucket  of  the  spillway  apron. 

2. — Adding  3  ft.  6  in.  to  the  height  of  the  original  bulkhead  por- 
tions of  the  dam  outside  of  the  spillways,  viz.,  east  of  the 
old  spillway  and  west  of  the  new  spillway.  This  was  accom- 
plished by  adding  a  parapet,  of  the  form  shown  in  dotted 
outline  in  Plate  V,  with  its  top  at  Elevation  142.5. 

3. — Increasing  the  height  of  that  portion  of  the  original  bulk- 
head section  of  the  dam  between  Buttresses  19  and  A  (viz., 
between  the  old  and  new  spillways)  by  the  addition  of  a 
parapet  1  ft.  high.  This  forms  an  intermediate  spillway  with 
its  crest  at  Elevation  140,  as'  shown  in  the  typical  sections 

of  Plate  Y. 

« 

4. — Utilizing  the  horizontal  upper  member  of  the  new  anchoring 

wall  at  the  toe  of  the  dam,  between  the  old  and  new  spill- 
ways, to  form  a  reinforced  concrete  mat  or  "tumbling  hearth" 
to  receive  the  impact  of  the  sheet  of  water  falling  well-nigh 
vertically  from  the  intermediate  spillway.  This  horizontal 
mat,  together  with'  an  inclined,  reinforced  concrete,  protec- 
tion mat  (section  B-B  of  Plate  V),  forms  a  channel  sloping 
downward  from  the  ends  of  the  intermediate  spillway  section 
toward,  and  discharging  through,  a  new  outlet  channel  which 
extends  down  stream  from  Gate-bays  30  and  31. 
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5. — Improving  the  shape  of  the  crest  of  the  original  or  "old" 
spillway.  This  warranted  the  assumption  of  a  somewhat 
higher  coefficient  of  discharge,  as  applied  in  the  Francis 
formula. 

Under  the  original  conditions,  disregarding  wave  action,  over- 
topping of  the  dam  would  have  occurred  when  the  water  level  in 
the  reservoir  had  reached  Elevation  139;  whereas,  under  the  condi- 
tions obtaining  after  reconstruction,  overtopping  cannot  occur  until 
the  water  level  reaches  Elevation  142.5.  It  is  probable  that  over- 
topping due  solely  to  wave  action  would  be  of  minor  consequence. 
However,  as  will  presently  be  shown,  the  water  level  due  to  the  great- 
est flood  reasonably  to  be  provided  for  would  probably  leave  a  margin 
of  about  6  in.  below  Elevation  142.5. 

Maximum  Flood  Within  Limits  of  Reason. — For  the  purpose  of 
studying  the  effect  of  such  a  flood,  in  the  case  of  the  Stony  River 
Dam  and  Reservoir,  let  it  be  assumed  that  it  would  have  a  graph 
similar  to  that  shown  in  Fig.  13.  This  graph  was  derived  by  increas- 
ing the  rates  of  run-off  shown  in  Fig.  12  by  50%,  thus  corresponding 
to  the  ratio  of  the  estimated  maximum  24-hour  precipitation  to  the 
8-in.  precipitation  reported  to  have  occurred  within  a  like  period  in 
the  case  of  the  Cane  Creek  flood.  It  is  true,  of  course,  that  no  two 
rain  storms  or  floods  are  exactly  alike;  yet,  for  the  purpose  in  mind, 
the  foregoing  assumption  appeared  to  afford  a  reasonable  basis  for 
design. 

For  purposes  of  comparison,  there  has  been  plotted  on  Fig.  9  a 
curve  (c)  showing  the  rainfall  for  the  critical  90-min.  period  of  such 
assumed  greatest  possible  flood  discharge,  the  curve  being  based,  as 
before,  on  the  assumption  (not  strictly  true)  that  the  rate  of  rain- 
fall would  be  equal  to  the  rate  of  run-off.  Even  allowing  for  the 
evident  equalization,  or  smoothing-off  of  the  peak  of  the  rainfall,  it 
is  apparent  that  a  rainfall  causing  a  flood  such  as  that  rejpresented 
by  the  curve  (c)  would  not  equal  certain  actual  records  of  rainfall. 

Equalization  Effect  of  Reservoir. — In  studying  the  results  of  such 
floods  as  those  plotted  on  Figs.  12  and  13,  when  applied  to  the  Stony 
River  drainage  area  and  spillway  provision,  it  may  reasonably  be 
assumed  that  in  each  instance  there  would  be  one  point  of  time  when, 
for  all  practical  purposes,  a  state  of  equilibrium  would  exist.     At  such 
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a  time  the  total  run-off  from  the  drainage  area  and  the  discharge 
over  the  spillway  would  be  equal.  Thereafter,  as  the  run-off 
increased,  a  certain  quantity  of  water  would  be  stored  over  the  whole 
reservoir  area  for  each  foot  of  rise  in  water  level.  The  extent  of  such 
equalization  or  absorption  would  depend  on  the  spillway  capacity  and 
the  reservoir  area. 

The  capacity  of  the  reservoir  above  the  elevation  of  the  lower 
spillway  crests  is  shown  on  Fig.  10.  On  Fig.  11  is  plotted  the  spill- 
way capacity  (after  reconstruction),  derived  from  the  data  and 
assumptions  there  shown. 

On  the  basis  of  these  diagrams,  the  equalization  effect  of  the  reser- 
voir has  been  studied  with  reference  to  a  number  of  flood  conditions, 
as  follows: 

I. — Before  considering  the  greatest  flood  reasonably  to  be  antici- 
pated, it  appears  proper  to  study  the  equalization  effect  of  the  reser- 
voir on  a  flood  exactly  similar,  and  equal  in  intensity,  to  that  reported 
for  Cane  Creek  on  May  19th-20th,  1901.  The  result  of  such  study 
is  shown  in  Fig.  12.  The  spillway  crests  are  assumed  to  be  without 
flash-boards. 

The  method  of  deriving  the  curves  showing  the  discharge  over  the 
spillways  is  as  follows:  Referring  to  Fig.  12,  it  is  assumed  that  at 
7  A.  M.  the  total  run-off  from  the  drainage  area  and  the  discharge 
over  the  spillways  are  equal.  The  graph  of  the  flood  then  shows  that 
at  this  time  the  run-off  would  be  approximately  100  cu.  ft.  per  sec, 
which  (from  Fig.  11)  would  require  the  reservoir  water  level  to  be 
at  Elevation  136.2.  The  effect  of  the  storage  capacity  of  the  reser- 
voir at  increasing  elevations  of  head-water  is  then  determined  at  arbi- 
trary intervals,  depending  on  the  refinement  desired.  Selecting  a 
0.3-ft.  rise  in  water  level  as  the  first  interval,  it  is  found  from  the 
reservoir  capacity  curve  of  Fig.  10  that  for  this  interval  the  reservoir 
will  absorb  approximately  39  000  000  gal.  This  quantity,  when  con- 
verted into  the  proper  units  and  scale,  is  represented  in  Fig.  12  by 
the  area,  a-h-c,  viz. :  The  point,  h,  of  course,  must  have  an  ordinate 
representing  the  spillway  discharge  at  Elevation  136.5,  approximately 
365  cu.  ft.  per  sec.  (from  Fig.  11).  The  position  of  the  line,  h-c,  is 
then  determined  by  trial,  the  required  area,  a-h-c,  having  been  deter- 
mined as  above  stated. 
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Similarly,  a  0.5-ft.  rise  in  water  level  may  be  selected  for  the 
next  interval.  When  the  head-water  has  reached  Elevation  137.0,  the 
spillways  will  be  discharging  approximately  1  030  cu.  ft.  per  sec.  (Fig. 
11),  thus  determining  the  ordinate  of  the  point,  e,  of  Fig.  12.  Mean- 
while, approximately  66  000  000  gal.  (Fig.  10)  will  have  been  stored 
in  the  upper  0.5-ft.  depth  of  the  reservoir,  thus  determining  the  area, 
Ij-c-d-e,  and  hence  the  position  of  the  line,  e-d.  By  repeating  this 
process,  the  curve  of  Fig.  12  representing  "Discharge  over  spillways" 
is  defined.  The  last  interval — that  between  the  points,  /  and  g — must 
be  determined  by  trial,  so  as  to  utilize  exactly  the  absorption  capacity 
of  the  reservoir  corresponding  to  that  interval. 

It  is  evident  that  the  ordinate  of  the  point,  g,  represents  the  spill- 
way capacity  necessary  to  pass  safely  the  particular  flood  under 
investigation.  In  point  of  time,  g  represents  the  crest  of  the  discharge 
over  the  spillways,  though,  in  this  instance,  the  crest  of  the  spillway 
discharge  does  not  occur  until  approximately  35  min.  after  the  flood 
itself  has  reached  its  peak.  From  Fig.  12  it  is  seen  that  the  maxi- 
mum head-water  level  attained  under  the  assumed  conditions  would 
be  at  Elevation  140.36.  The  corresponding  discharge  over  the  spill- 
ways would  be  approximately  9  600  cu.  ft.  per  sec,  whereas  the  avail- 
able spillway  capacity,  with  head-water  just  at  the  top  of  the  bulk- 
head section  parapets,  is  approximately  21  000  cu.  ft.  per  sec.  This 
appears  to  be  more  than  ample  margin,  but  it  must  be  remembered 
that  the  graph  of  Fig.  12  represents  a  flood  which  actually  occurred 
on  the  Cane  Creek  drainage  area — approximately  twice  as  great  as 
that  of  Stony  River  at  the  dam  site. 

The  crest  of  the  discharge  over  the  spillways  having  passed,  the 
reservoir  begins  to  yield  the  water  which  has  been  temporarily  stored 
in  that  portion  of  the  reservoir  above  the  spillways.  Therefore  the 
discharge  over  the  spillways  continues  to  be  in  excess  of  the  run-off, 
until  finally  the  condition  of  equilibrium  between  spillway  discharge 
and  run-off  is  again  reached.  The  descending  portion  of  the  curve, 
showing  "Discharge  over  spillways,"  was  derived  by  the  same  method 
as  the  ascending  portion. 

II.— Turning  now  to  the  consideration  of  the  maximum  flood 
within  limits  of  reason,  Fig.  13  shows  the  equalization  capacity  of 
the  reservoir  as  affecting  a  flood  exactly  similar  to,  but  with  a  unit 
discharge  50%  greater  than,  the  1901  Cane  Creek  flood.     The  required 
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spillway  capacity  derived  by  the  method  just  described  is  approxi- 
mately 15  600  cu.  ft.  per  sec,  with  the  corresponding  head- water  at 
Elevation  141.6.  Even  though  we  accept  the  flood  represented  in 
Fig.  13  as  being  the  maximum  within  limits  of  reason,  the  margin, 
or  surplus  spillway  capacity,  does  not  appear  to  be  unreasonably  large 
when  it  is  remembered  that  this  flood  is  essentially  an  arbitrary  con- 
ception, and  that,  furthermore,  it  is  subject  to  variations  such  as  will 
now  be  considered. 

III. — As  will  appear  later  in  more  detail,  flash-boards  about  3  ft. 
high  (Plate  II)  have  been  mounted  on  both  old  and  new  spillway 
crests,  the  tops  of  the  flash-boards,  therefore,  being  nearly  at  Eleva- 
tion 139.  The  flash-board  supports  have  been  designed  so  as  to  fail 
and  absolutely  clear  the  spillway  crest  when  the  head-water  level 
reaches  an  elevation  between  140  and  140.5.  It  is  proper,  however, 
to  consider  the  contingency  that  the  supports  might  not  fail  with  so 
low  a  head-water  level  as  is  intended.  The  diagram,  Eig.  14,  there- 
fore has  been  prepared  under  the  assumption  that,  with  the  same  flood 
as  that  treated  in  Eig.  13,  the  flash-boards  do  not  fail  until  the  water 
in  the  reservoir  reaches  Elevation  141,  namely,  5  ft.  higher  than  the 
main  spillway  crests  and  1  ft.  higher  than  the  crest  of  the  intermediate 
spillway. 

In  this  case  the  initial  state  of  equilibrium  would  exist  with  head- 
water at  about  Elevation  139.3,  that  is,  0.3  ft.  above  the  assumed  top 
of  the  flash-boards.  The  eifect  of  the  initial  rise  of  head-water  (to 
Elevation  141.0)  is  determined  in  the  same  manner  as  described 
previously.  With  the  breaking  of  the  flash-board  supports,  however, 
and  the  consequent  sweeping  away  of  the  flash-boards  when  Eleva- 
tion 141  is  reached,  the  discharging  capacity  of  the  spillways  is  sud- 
denly increased — as  is  evident  from  the  diagram — to  such  an  extent 
that,  temporarily,  the  discharge  over  the  spillways  is  greater  than  the 
run-off  from  the  drainage  area.  This,  of  course,  would  not  neces- 
sarily be  the  case  with  a  flood  having  a  graph  of  different  shape.  The 
position  of  the  point,  c,  was  determined  by  trial,  the  area,  a-h-c,  rep- 
resenting the  quantity  of  water  stored  in  the  reservoir  in  the  depth 
interval  between  points,  c  and  a,  because  this  quantity  must  be  yielded 
by  the  reservoir  before  the  head-water  can  recede  to  approximately 
Elevation  140.52  at  the  point,  c.  Actually,  a-c,  would  undoubtedly 
not  be  a  straight  line;  a  more  accurate  location  would  be  obtained  by 
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the   determination   of   intermediate   points,    though   the   difference   in 
final  result  would  be  slight. 

The  highest  water  level  reached  under  the  assumed  conditions  is 
at  Elevation  141.92,  with  a  corresponding  discharge  over  the  spill- 
ways of  17  500  cu.  ft.  per  sec,  which  is  still  well  within  the  available 
spillway  capacity. 

IV. — Again,  it  is  true  that  the  equalization  of  the  peak  of  the  rain- 
fall, as  compared  with  that  of  the  run-off,  would  not  necessarily  be 
as  great  as  in  the  case  of  the  floods  shown  graphically  on  Figs,  12  to 
14;  and,  though  the  writer  does  not  consider  it  reasonable  to  assume 
that  the  Stony  Eiver  Dam  will  be  subject  to  conditions  resulting  from 
more  than  approximately  a  12-in.  rainfall  occurring  within  24  hours, 
yet,  thus  far,  only  one  of  an  infinite  number  of  graphs  has  been  con- 
sidered, any  one  of  which  would  yield  the  same  total  run-off  during 
the  24-hour  period  in  question.  The  use  of  graphs  having  other 
shapes  (but  enclosing  the  same  area)  might  increase  or  decrease  the 
proportion  of  the  available  spillway  capacity  which  is  necessary  to 
pass  the  corresponding  flood. 

Only  one  variation  will  be  considered,  for  which  see  Fig.  15.  It 
appears  to  be  not  reasonably  conceivable  that  a  flood  resulting  from 
a  12-in.  precipitation  in  24  hours  (and  yielding  almost  as  much  total 
run-off  within  the  same  period)  could  reach  its  peak  and  recede  there- 
from more  quickly  than  that  there  represented.  In  order  to  make  the 
severity  of  the  assumed  conditions  more  clear,  the  ordinates  have 
been  shown  in  terms  both  of  run-off,  in  cubic  feet  per  second,  and  of 
rainfall,  in  inches  per  hour.  On  the  latter  basis,  these  conditions 
may  be  compared  with  the  records  shown  on  Fig.  9.  For  instance,  if, 
taking  into  account  the  time  necessary  for  water  to  reach  the  dam 
site  from  the  most  remote  portions  of  the  drainage  area,  it  is  assumed 
that  the  peak  of  the  run-off  at  the  dam  is  equal  to  the  greatest  aver- 
age rate  of  rainfall  during  any  45-min.  period,  then  it  is  evident  that, 
in  order  to  cause  the  flood  in  question,  it  would  have  had  to  rain  for 
45  min.  at  an  average  rate  of  about  4  in.  per  hour.  Such  a  rate  cor- 
responds approximately  to  the  highest  record  plotted  on  Fig.   9. 

Even  imder  the  severe,  if  indeed  not  improbable,  conditions  rep- 
resented in  Fig.  15,  the  head-water  would  reach  a  maximum  eleva- 
tion of  only  142.05,  with  a  corresponding  discharge  over  the  spillways 
of  approximately  18  300  cu.  ft.  per  sec. 
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Conclusions  as  to  Spillway  Provision. — After  such  studies  as  the 
foregoing,  the  writer  came  to  the  conclusions  that: 

1. — The  spillway  capacity  provided  in  the  reconstruction  of  Stony 
River  Dam  is  adequate. 

2. — Such  spillway  capacity  is  not  excessive,  bearing  in  mind  that: 
(o)   There  is  no  warrant  for  assuming  that  during  the  life  of  the 
dam  the  Stony  River  drainage  area  will  escape  rainfall  and 
resulting    run-off    such    as    have    occurred    in    other    regions 
which  are  comparable; 
(6)   The  number  of  precipitation  stations  and  records,  especially 
in  the  Appalachian  Mountain  region,  is  not  sufficient  to  war- 
rant  the   assumption   that   the  worst  possibilities   have   been 
observed  and  recorded;  and 
(c)   The  provision   of   adequate   spillway   capacity   in   the   recon- 
struction of  the  Stony,  River  Dam  did  not  involve  unreason- 
able cost,  though,  of  course,  such  spillway  capacity  could  have 
been  provided  more  cheaply  in  the  original  constriiction  than 
in  the  reconstruction. 

3. — It  is  reasonable  to  assume  that  the  water  level  in  the  reser- 
voir will  not  be  higher  than  Elevation  142.25,  under  the  most  severe 
conditions  within  the  limits  of  reason.  This  elevation  of  head-water, 
therefore,  was  adopted  for  design  purposes. 

4. — Granting  the  necessity  for  making  provision  to  pass  safely  the 
greatest  flood  reasonably  to  be  anticipated,  it  is  also  true  that  such 
a  flood  would  be  far  from  normal.  Hence,  in  considering  the  "nor- 
mal maximum  load"  to  which  the  dam  will  be  subjected,  it  appeared 
proper  to  assume  the  head-water  at  Elevation  140.5.  At  this  eleva- 
tion the  flash-board  supports  (on  the  old  and  new  spillways)  are  rea- 
sonably certain  to  have  failed.  The  flash-boards  and  supports  having 
thus  been  swept  from  the  main  spillway  crests,  the  spillway  capacity 
would  be  approximately  10  000  cu.  ft.  per  sec,  without  taking  into 
consideration  any  equalizing  effect  of  the  reservoir.  In  the  case  of 
the  original  structure,  the  spillway  capacity  likewise  was  approxi- 
mately 10  000  cu.  ft.  per  sec.  at  Elevation  140.5,  it  being  noted,  how- 
ever, that  such  head-water  elevation  could  not  have  existed  without 
causing  the  original  bulkhead  sections  (with  crest  at  Elevation  139) 
to  be  overtopped.  The  corresponding  unit  spillway  capacity  is  about 
875  cu.  ft.  per  sec.  per  sq.  mile  of  drainage  area. 


Papers.]  KKCONSTRUCTION   OF   TIIK   STONY    laVEll  J)AM;  li)7 

Rainfall,  in  inches  per  hour. 


M" 

» 

p 

3  » 

s 

'^"^'-v. 

ai  o 

O     1-0 

WW  —  " 

- -=•- 

:::- 

^   ) 

^. , 

/ 

■og 

o 

?c^   ~1 

-— ^ 

' 

L^lr- 

:=:>.-~ 

L^ 

O 

Ef 

r 

w 

.~3_:r-3£tl^ 

--«is- 

p*- 

O' 

_o 

o 

o 

^ 

r^ 

:,.=^ 

\ 

o 

k  1 

is 

o 

2/ 

^ 

3 

<< 

/ 

i- 

■2. 

2, 

§5- 

/ 

p 

^ 

0  ,^ 

/ 

■o 

■PB  "^ 

/ 

/ 

i 

c 

? 

EQUALIZATION  EFFECT  OF  RESERVOIR. 
Based  on  assumptions  of 

(a)  Most  severe  run-off  conditions 

reasonably  conceivable. 

(b)  No  flash-boards  on  spillway  crests. 

1 

' 

Run-off  and  spillway  discharge  in  thousands  of  cubic  feet  per  second . 


198  BECONSTKUCTION   OF   THE   STONY   EIVER   DAM  [Papers. 

Type  of  Structure  for  New  Spillway. — It  appeared  logical  to 
reconstruct  the  new  spillway  section  of  the  dam  according  to  the 
Ambursen,  hollow,  reinforced  concrete  type,  provided  there  was  no 
serious  and  valid  counter  consideration.  Probably  the  most  serious 
questions  in  regard  to  the  Ambursen  type  of  dam  are  those  dealing 
with  the  protection  of  the  embedded  reinforcing  steel  from  corrosion, 
and  the  extent  to  which  the  dimensions  of  the  reinforced  concrete 
members  may  properly  be  pared  down  to  theoretical  limits.  Both 
these  questions  may  be  answered  satisfactorily,  so  the  writer  thinks, 
by  a  sufficiently  conservative  design  of  the  members  of  the  structure. 

On  the  other  hand,  the  advantage  of  economy  lay  with  the  hollow, 
rather  than  with  the  solid,  type,  a  by  no  means  unimportant  factor 
being  the  relatively  high  cost  of  the  materials  composing  the  concrete. 
For  equal  margins  of  safety,  a  solid  dam  would  have  involved  some- 
what greater  quantities  of  concrete,  although  probably  not  of  excava- 
tion. Furthermore,  the  construction  of  a  solid  section  at  the  new  spill- 
way would  have  caused  difficulties,  costly  to  meet,  at  Buttresses  10 
and  19  by  reason  of  subjecting  those  buttresses  to  lateral  hydrostatic 
pressure  for  which  they  were  not  designed. 

In  view  of  its  secluded  location,  the  appearance  of  the  structure 
is  of  relatively  minor  importance.  Yet  even  this  consideration  argued 
in  favor  of  the  hollow  type,  because,  at  least  on  the  up-stream  side, 
the  solid  section  would  have  caused  an  incongruous  break  in  outline. 

Connecting  with  the  foot  of  the  new  spillway  apron,  a  channel 
mat  was  constructed  which  gradually  narrowed  to  a  width  of  60  ft. 
at  a  distance  averaging  about  85  ft.  down  stream,  as  shown  in 
Plate  IV.  The  minimum  depth  of  the  channel  mat  varies  from  30  in. 
on  clay  (24  in.  on  rock)  at  the  foot  of  the  spillway  apron  to  18  in. 
at  the  down-stream  end  of  the  mat,  where  a  shallow  cut-off  wall  seals 
the  mat.  into  bed-rock.  Reinforced  concrete  retaining  walls  (Figs. 
16  and  17)  were  built  along  the  sides  of  the  channel  mat,  to  support 
the  hillside  on  the  west  and  the  new  fill  between  the  spillways  on  the 
east.  Excavation  of  the  new  spillway  channel  was  not  completed  down 
stream  from  the  channel  mat.  Only  a  small  ditch  was  dug  to  drain 
water  from  the  channel  mat  into  the  river,  and  the  first  flood  practi- 
cally completed  the  remainder  of  the  excavation  necessary  to  furnish 
sufficient  connection  between  the  new  spillway  and  the  river. 
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Eesistance  to  Sliding. 

To  the  writer  it  appears  that,  in  the  case  of  many  masonry  dams, 
solid  and  hollow,  the  importance  of  safeguarding  the  structure  against 
failure  by  sliding  has  been  under-rated.  It  is  not  unlikely  that  there 
have  been  more  failures  of  masonry  dams  by  sliding  that  in  any  other 
manner.  The  character  of  the  underlying  foundation  material  is 
necessarily  the  primary  factor  controlling  the  stability  of  a  given  dam 
in  regard  to  sliding.  The  construction  of  a  dam  to  be  founded  on 
granite,  for  instance,  offers  no  difficulties  in  this  respect.  But,  in  view 
of  the  foundation  material  imderlying  the  Stony  River  site,  the 
necessity  of  making  the  dam  safe  against  sliding  presented  the  most 
important  problem  of  the  reconstruction. 

Uplift  pressure,  too,  is  of  great  importance  as  affecting  the 
stability  of  a  dam  against  sliding.  It  acts  essentially  to  diminish  the 
weight  of  the  structure.  The  effect  of  a  given  uplift  pressure,  how- 
ever, depends  largely  on  the  coefficient  of  frictional  resistance  of  the 
foundation  material  at  the  plane  along  which  sliding  may  be  impend- 
ing; that  is,  the  smaller  the  coefficient  of  frictional  resistance,  the  less 
the  net  effect  of  the  uplift  pressure. 

Frictional  Resistance. — The  term  "frictional  resistance",  as  used 
in  this  paper,  is  intended  to  express  both  the  effect  of  roughness  and 
the  effect  of  adhesion  between  any  two  bodies  (e.  g.,  of  foundation 
material)  at  the  surfaces  along  which  sliding  is  taking  place.  It  is 
not  intended  to  express  the  effect  of  cohesion  within  a  body;  such 
cohesion  is  an  additional  factor  resisting  sliding,  and,  in  so  far  as 
resistance  to  sliding  is  concerned,  must  be  overcome  by  shearing  the 
body  in  question.*  The  distinction  here  made  between  adhesion  and 
cohesion  does  not  exist  when  the  material  under  consideration  is 
viscous,  but,  in  the  writer's  opinion,  it  exists  definitely  when  the 
material  in  question  is  solidified. 

As  to  the  actual  coefficients  of  frictional  resistance,  there  is  a 
woefiil  dearth  of  data.  Attention  is  called  first  to  Table  1  which  shows 
the  assumptions  on  which  the  reconstruction  design  was  based.     The 

*  Since  the  reconstruction  was  completed,  the  writer  has  considered  carefully 
the  paper  by  W^illiam  Cain.  M.  Am.  Soc.  C.  E.,  entitled  "Cohesion  in  Earth  :  The 
Need  for  Comprehensive  Experimentation  to  Determine  the  Coefficients  of  Cohesion", 
Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX,  p.  1315,  and  the  discussions  thereon,  but 
has  been  unable  to  agree  that  data,  suflBcient  in  number  and  reliability,  are  available 
to  warrant  the  use,  especially  in  the  present  case,  of  the  analysis  set  forth  in  that 
paper. 
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TABLE    1. — Coefficients    of    Frictional    Eesistance    Forming   the 
Basis  of  Design  in  the  Reconstruction  of  Stony  River  Dam, 


Character  of  foundation 
material. 

Value 

assumed 

for  design. 

Probable 

minimum 

value. 

Ratio. 

0.33 

0.40 

0.50 

0.25 
0.25 

0.40 

0.75 

Applying  to  footings  of  the  original  sections 
of  dam'and  to  probable  •'  planes  of  least  resist- 
ance" in  clayey  foundation  soil. 

Sbale  with  clay  spams  

0.625 

Applying  to  shale  near  surface  of  bed-rock; 
hence  including  shale  immediately  underlying 
new  footings  at  Buttresses  10  to  19,  inclusive 
(new  spillway  section.) 

Hard  shale,  not  disintegrated 

0.80 

Applying  to  shale  at  probable  "  planes  of  least 
resistance"   at   Buttresses    10  to  19,  inclusive 
(new  spillway  section. ) 

"planes  of  least  resistance"  referred  to  in  that  table  are  explained 
later. 

The  pertinent  data  considered  in  adopting  these  assumptions  follow. 

Frictional  Resistance  of  Clayey  Soil. — In  the  writer's  opinion,  the 
safe  coefficient  of  frictional  resistance  for  the  clayey  foundation  soil 
at  the  dam  site  when  wet  is  between  0.3  and  0.4.  When  such  soil  is 
dry  or  merely  moist,  the  frictional  resistance,  of  course,  is  greater  than 
when  it  is  thoroughly  wet ;  but  it  is  not  safe  to  assume  that  the  founda- 
tion soil  will  always  be  fairly  dry.  It  is  true  that  the  leakage  from 
the  reservoir  into  the  foundation  soil  has,  at  this  writing,  become,  and 
in  all  probability  will  continue  to  be,  a  relatively  minor  factor. 
However,  ground-water  in  the  soil  cannot  be  disposed  of,  especially 
inasmuch  as  the  dam  site  receives  the  ground-water  drainage  of  the 
adjoining  hillsides.  The  new  drainage  system  of  the  dam  cannot  cause 
the  foundation  soil  to  become  dry.  It  can  merely  prevent  the  accumu- 
lation of  serious  uplift  pressure. 

The  results  of  various  tests  of  frictional  resistance  are  of  record. 
Unfortunately,  they  are  not  numerous;  nor  are  the  test  conditions 
sufficiently  standardized,  nor  the  character  of  the  material  under  tests 
sufficiently  well  defined,  to  allow  satisfactory  detailed  comparison  with 
each  other  or  with  the  conditions  to  which  it  is  attempted  to  apply 
their  results.  Moreover,  it  is  the  rule,  rather  than  the  exception,  that, 
as  in  the  case  in  point,  the  foundation  material  is  heterogeneous,  thus 
increasing  the   difficulty  of  drawing  comparisons   with  previous  test 
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results  and  making  more  necessary  the  use  of  judgment  iu  selecting 
coefficients  for  design  or  other  purposes. 

Among  the  recorded  data  are  the  experiments  of  General  Morin, 
as  referred  to  by  Rankine,*  which  indicate  a  coefficient  of  frictional 
resistance  of  0.31  for  wet  clay  on  wet  clay,  as  tested  by  him.  Tests 
of  the  foundation  soil  in  question,  however,  are  more  pertinent,  and 
such  tests  were  made  on  several  kinds  of  soil  by  Mr.  D.  N.  Showalter, 
Resident  Engineer,  under  the  direction  of  the  writer.  The  results  of 
these  tests  are  given  in  Table  2. 

In  the  ordinary  case,  these  tests  were  made  by  tamping  a  given 
kind  of  soil  into  a  box  having  an  open  top,  the  box  being  a  cube  of 
about  12  in.,  then  capping  the  boxful  of  soil  with  a  solid  piece  of  the 
same  material,  so  that  it  protruded  above  the  edge  of  the  box,  and 
turning  the  box  upside  down.  The  protruding  material,  after  having 
been  given  an  approximately  horizontal  surface  and  made  smooth, 
was  utilized  as  the  moving  element  in  determining  the  frictional 
resistance  on  a  prepared,  smooth,  horizontal  bed  of  the  same  kind  of 
material  in  place.  The  moving  element  was  drawn  along  by  hand  over 
the  bed,  the  required  pull  being  measured  by  a  spring  balance.  Ordi- 
narily, more  than  J  sq.  ft.  of  the  material  under  test  was  actually  in 
contact.  The  method  of  making  the  tests  is  illustrated  by  Figs.  8 
and  18. 

In  the  case  of  the  tests  made  in  cold  weather,  the  clay  bed  had 
been  scraped  previously  so  as  to  remove  all  frozen  material  and  any 
"mud"  formed  by  melting  snow.  When  not  under  test,  the  surface  or 
bed  was  protected  by  a  covering  of  tar-paper.  In  the  last  series  of 
tests,  in  May,  1915,  a  galvanized-iron  pail  was  used  instead  of  a 
wooden  box.  The  result  was  to  make  these  experiments  appear  even 
more  crude  than  was  really  the  case;  but,  inasmuch  as  the  weight 
of  the  moving  element  and  the  required  pull  were  not  less  readily 
determinable,  such  experiments  are  not  believed  to  be  the  less  worthy 
of  consideration. 

Despite  the  absence  of  laboratory  refinements,  the  results  obtained 
are  in  all  probability  reasonably  indicative  of  the  actual  frictional 
resistance,  as  previously  defined.  Among  the  results  of  any  single 
group  of  experiments,  the  maximum  variation  from  the  mean  was 
30%  of  the  mean,  and  the  average  of  such  maximum  variation  for  all 

*  "A  Manual  of  Applied  Mechanics",  p.  211. 
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TABLE  2. — Kesults  of  Tests  of  Frictional  Eesistance  of  Founda- 
tion Soil  at  Stony  Eiver  Dam  Site. 


n 
a) 

a>  ^ 
ft 

Character  of  soil  under  test, 

0.2  . 

•a  fc,  o 
030 

0  te 

0 

Temperature 

range,  in 

degrees 

Fahrenheit. 

9  « 

■a 

Pull  (while  in 
motion), 
in  pounds. 

Coefficient  of 
frictional 
resistance. 

1 

Wet. 
•do. 

do. 

do. 

do. 

Moist. 

do. 

•    do. 

do. 

do. 

Fairly  wet. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

Moist, 
do. 

Wet. 

do. 

do. 

Moist, 
do. 
do. 

Wet. 
do. 

Moist, 
do. 
do. 

Very  wet. 
do. 

35  to  41 
do. 
do. 
do. 
do. 

35  to  41 
do. 
do. 
do. 
do. 

20  to  25 

C  c3  "  <D 

c»j3     a 

do. 
do. 
do. 

50  to  66 
do. 

50  to  66 
do. 
do 

42  to  56 
do. 
do. 

42  to  56 
do. 

43  to  56 
do. 
do. 

42  to  56 
do. 

160 
160 
284 
284 
160 

160 
160 

284 
220 
220 

149 
149 
149 
149 
189 
189 
249 
289 
387 
387 

53 
81 

50 
79 
79 

57 
89 
113 

57 
89 

46.5 
79.5 
111.5 

79.5 
111.5 

64 
67 
80 
72 
55 
-Average 

75 

72 
118 
78 
85 
Average 

120 
120 
106 
114 
110 
99 
120 
224 
273 
275 
Average 

41 

70 

Average 

25 

70 

58 

Average 

44 

60 

89 

Average 

38 

69 

Average 

39 

67 

90 

Average 

42 

52 

Average 

0.40 

2.... 
3.... 
4.... 
5.... 

do. 
do. 
do. 
do. 

0.42 
0.28 
0.25 
0.34 

0.34 

6.... 

0.47 

8.'.'.'. 
9..-.. 
10.... 

11.... 
12.... 
13.... 
14.... 
1.1.... 
16.... 
17.... 
18.... 
19.... 
20.... 

21 

do. 
do. 
do. 
do. 

Yellow  clay, containing somegrit. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

Black  gumbo 

0.45 
0.42 
0.35 
0.39 
0.42 

0.80 
0.80 
0.71 
0.76 
0.58 
0.52 
0.48 
0.77 
0.71 
0.71 
(1.68 

0.77 

22.... 

do. 

0.86 

o:83 

23.... 

0.50 

24.... 
25.... 

do. 
do. 

0.89 
0.73 

0.71 

26 

0.77 

27.... 
28.... 

do. 
do. 

Black  loam 
do. 

Yellow  clay 

0.67 
0.79 

0.74 

29.... 

30  .. 

0.67 

0.78 

0.72 

31.... 

0.84 

32.... 
33.... 

do. 
do. 

Y^ellow  clay 

0.84 
0.81 

0.83 

34.... 

0.53 

35.... 

do. 

0.47 

0.5U 
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groups  was  about  15  per  cent.  The  series  of  tests  was  not  sufBciently 
extensive  to  warrant  any  conclusions  as  to  variations  in  the  coeificient 
of  frictioual  resistance  with  variations  in  the  load  or  in  the  velocity  of 
the  moving  element. 

The  pull  or  force  required  to  start  the  load  in  motion  has  not 
been  shown  in  Table  2,  for  it  is  believed  that,  in  order  to  make  a 
reasonably  close  determination  of  the  starting  force,  greater  refine- 
ments are  necessary  than  could  be  applied  in  the  field  experiments  in 
question.  It  should  be  noted,  however,  that,  in  view  of  the  method  of 
testing  used,  the  shearing  resistance  (due  to  cohesion)  of  the  material 
under  test  was  not  brought  into  play. 

The  average  of  the  results  of  all  the  experiments  shows  a  coefiicient 
of  frictional  resistance,  including  adhesion,  equal  to  about  0.61.  This 
figure,  however,  affords  no  reliable  index,  as  is  apparent  from  the  wide 
variation  in  values  corresponding  to  the  different  kinds  of  soil  tested. 
The  interpretation  of  the  results  as  applying  to  design,  therefore,  is 
essentially  a  matter  of  judgment.  The  variations  referred  to  are  so 
great  that  the  only  safe  course  was  to  assume  that  the  worst  soil 
conditions  (as  regards  frictional  resistance)  might  exist  under  any 
bay.  East  of  Buttress  36  (Plate  II)  the  clayey  content  of  the  over- 
burden was  somewhat  greater  than  west  thereof,  and  hence  it  seemed 
reasonable  to  assume  that  there  the  soil  is  less  subject  to  percolation 
and  has  a  somewhat  greater  bearing  value.  Nevertheless,  no  modifica- 
tion was  made  in  the  matter  of  frictional  resistance  on  this  account. 

The  coefficient  of  frictional  resistance  for  the  clayey  foundation 
soil  (wet)  was,  for  design  purposes,  finally  assumed  to  be  0.33.  The 
writer  believes  that  for  none  of  the  soils  at  the  dam  site  is  the  corre- 
sponding coefficient  less  than  0.25. 

Frictional  Resistance  of  Shale. — Here,  again,  there  are  but  few 
data  available;  perhaps  the  most  pertinent  are  those  given  by  Mr.  E.  L. 
Lasier  in  his  article  on  "Tests  of  Erictional  Resistance  of  Concrete  on 
Shale."*  These  tests  were  made  under  the  direction  of  the  writer  at 
the  site  of  the  State  Line  Dam  of  the  Hydro-Electric  Company  of 
West  Virginia,  on  Cheat  River,  in  West  Virginia,  and  cover,  not 
merely  the  frictional  resistance  of  concrete  on  shale,  but  also  that  of 
shale  on  shale. 

*  Engineering  News,  July  22d,  1915. 
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At  the  Stony  River  dam  site  the  shales  have  pronounced  horizontal 
laminations.*  Hence  the  results  in  Mr.  Lasier's  Table  1  apply,  the 
tests  summarized  in  that  table  having  been  made  on  quarried  blocks 
of  shale.  There  the  coefficient  of  frictional  resistance  for  the  shale 
specimens  moving  on  the  stationary  shale  blocks  averaged  0.61  when 
the  surfaces  in  contact  were  dry,  and  0.55  when  they  were  wet.  In 
view  of  the  apparent  differences  in  physical  characteristics,  it  seemed 
proper  to  adopt  assumptions  even  more  conservative  than  those  shown 
in  Mr.  Lasier's  tests.  This  is  especially  true  as  regards  those  Stony  . 
River  shales  near  the  surface  of  bed-rock.  Inasmuch  as  these  had 
been  exposed  to  disintegration  ages  ago,  clay  seams  or  laminations  had 
been  formed.     The  coefficients  adopted  are  given  in  Table  1. 

Stability  of  Original  Structure  Against  Sliding. — The  stability  of 
a  dam  against  failure  of  a  given  kind  is  ordinarily  measured  by  its 
so-called  factor  of  safety — which  perhaps  may  be  more  correctly  termed 
its  "ratio  of  safety".  This  is  the  ratio  of  the  forces  resisting  failure 
in  a  certain  manner  to  the  forces  tending  to  cause  such  failure;  but, 
whether  or  not  a  ratio  of  safety  really  means  anything  depends  on  the 
assumptions  made  in  deducing  that  ratio;  and,  as  previously  sug- 
gested, it  is  seldom  that  two  engineers  working  entirely  independently 
arrive  at  exactly  the  same  results  as  regards  the  ratio  of  safety.  The 
writer  makes  it  a  practice  to  study  the  stability  of  a  structure  under 
several  different  sets  of  assumed  conditions.  Sometimes,  too,  after 
having  ascertained  the  ratio  of  safety  under  the  conditions  to  which 
it  appears  a  dam  will  be  subjected,  it  is  instructive  to  see  how  severe, 
perhaps  even  how  unreasonably  severe,  the  conditions  can  be  made 
without  reducing  the  ratio  of  safety  below  unity. 

In  the  present  instance  the  stability  of  the  dam  was  examined 
under  the  assumption  of  a  "normal  maximum  load"  and  also  under 
the  "most  severe  conditions  within  the  limits  of  reason",  all,  of  coxirse, 
as  they  appear  to  the  writer.  These  several  load  assumptions  are 
set  out  in  Table  3,  for  a  typical  section  of  the  dam,  viz.,  at  Bay  35 
(Plate  Y),  and  for  the  sections  of  maximum  height,  both  on  the  basis 
of  the  original  structure  and  also  on  the  basis  of  the  structure  as 
strengthened  during  the  reconstruction. 

*  Unlike  the  foundation  shale  at  the  Stony  River  site,  the  shales  of  the  State 
Line  site  are  not  continuously  laminated  within  themselves  in  any  one  plane.  Hence 
the  condition  applying  to  the  State  Line  site  is  more  nearly  that  summarized  in 
Table  2  of  Mr.  Lasier's  article,  which  shows  ratios  of  horizontal  moving  force  to 
resistance  to  sliding  (including  resistance  to  shear  in  shale  and  concrete),  the  lowest 
of  which  is  approximately  3.0. 
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TABLE  3. — Local  Assumptions  for  Analysis  of  Stability  of  Stony 

River  Dam. 


Original  Structure. 

Strengthened  Structure. 

Normal 

maximum 

load. 

Most  severe 

conditions 

within  limits 

Normal 

maximum 

load. 

Most  severe 

coiidiiions 

within  limits 

of  reason. 

of 

reason. 

Factors. 

o  S 

CO  3+j' 

a  ca 
o.g  tx 

CO  0 

■3  =*    • 

oS 

XI  « 

a      in 

to 

CD 

(2) 

(3) 

(4^ 

(5) 

(6) 

(7) 

(8) 

(9) 

(a)  Elevation  of  head- water 

140.5 

140.5 

136.0 

136.0 

140.5 

140.5 

139.0 

139.0 

(6)  Ice  pressure,  in  pounds  per 

0 
89.5 

0 
99.0 

20  000 
85.0 

20  000 
95.0 

0 
91.0 

0 
99.0 

20  000 
85.0 

20  000 

(c)  Elevation  of    lower   limit   of 
equivalent  full  hydrostatic 
pressure  against  dam 

95.0 

(d)  (1)  Uplift  pressure negliptible. 
(2)  Head,in  feet,  of  equivalent 
uplift  pressure  (acting: 
on  one-half  of  affected 
area    of    base)    at    up- 
stream   edge  of    struc- 
ture,    decreasing      uni- 
formly to  zero  at  down- 
stream edge  of  footings, 
in  case  of  original  struc- 
ture, and  at  deep  drains 
in  ca.5e  of  strengthened 

Yes. 

Yes. 

No. 
48.0 

No. 
89.0 

Yes. 

Yes. 

No. 

54.0 

No 

44  0 

in  re 

sliding. 

43.0 

in  re 

(3)  Length   of  base,  in    feet, 
over  which  uplift  pres- 

61.0 
0.25* 

51.5 
0.25* 

40.0 
0.25 

over- 
turning. 

30  0 

(e)  Coefficient   of    frictional    re- 

0.33* 

0.33* 

0.33 

0.33 

0  25 

*  Resistance  (to  horizontal  movement)  on  part  of  the  original  unreinforced  cut-off  wall 
and  the  original  toe  probably  inconsiderable  and  treated  as  forming  part  of  the  frictional 
resistance  of  the  foundation  soil  at  the  base  of  the  footings. 

NoTB.— No  tail-water  pressure  in  any  case. 

Referring  to  Table  3  it  should  be  noted  that,  in  connection  with 
the  question  of  frictional  resistance,  no  attempt  has  been  made  in  the 
case  of  the  original  structure  to  determine  the  additional  resistance  of 
the  original  cut-off  wall  and  toe.  Inasmuch  as  the  cut-oif  wall  was 
unreinforced  throughout,  and  was  not  tied  into  the  body  of  the  dam 
except  at  a  few  places,  it  is  believed  that  the  resistance  of  the  cut-off 


310  RECONSTKUCTION   OF   THE   STONY   RIVER   DAM  [Papers. 

wall  to  horizontal  movement  was  not  a  reliable  factor,  and  that,  even 
when  present,  it  was  inconsiderable  in  amount.  Likewise,  the  resist- 
ance of  the  original  was  probably  negligible,  because  the  toe  was 
relatively  shallow. 

The  assTimed  conditions  of  Table  3,  in  so  far  as  pressure  is  con- 
cerned, are  entirely  arbitrary.  In  view  of  the  fact  that,  both  at  the 
sections  of  maximum  height  and  at  the  typical  section  of  Plate  Y, 
the  strengthened  structure  has  an  adequate  cut-off,  it  is  certain,  of 
course,  that  the  uplift  pressure  actually  does  not  decrease  uniformly 
from  heel  to  toe,  as  has  been  assumed.  However,  everything  con- 
sidered, and  especially  in  the  absence  of  definite  knowledge  regarding 
the  presence  and  character  of  the  uplift  pressure,  it  appears  reasonable 
to  base  stability  analyses  on  assumed  "equivalent"  conditions  of  uplift 
pressure  (see  Table  3,  factor  id)-2).  Manifestly,  uplift  pressure  could 
not  be  exerted  over  the  entire  area  of  the  base  without  causing  flota- 
tion, which  is  impossible. 

I. — Under  "Normal  Maximum  Load". — Applying  now  the  assumed 
"normal  maximum  load"  conditions  of  Column  (2),  Table  3,  to  the 
maximum  height  sections  of  the  original  structure,  and  stating  all 
quantities  for  one  bay  15  ft.  wide,  the  results  are  as  follows : 

Weight  of  concrete 1  044  900  lb. 

Weight  of  water  on  deck 1 194  500  lb. 

Sum  of  loads 2  239  400  lb. 

Total  resistance  to  sliding,  2  239  400  lb.  X  0.33  =  746  500  lb.,  ap- 
proximately. 

Forces  resisting  sliding  746  500  lb. 

Forces  tending  to  cause  sliding       1  218  200  lb. 

Or,  vice  versa,  in  order  that  this  ratio  may  become  equal  to 
unity,  the  coefficient  of  frictional  resistance  must  equal 

0.38 

^1  =  '■'*■ 

II. — Under  "Most  Severe  Conditions  Within  Limits  of  Reason". — 
Referring  to  the  assumed  conditions  of  Column  (4),  Table  3,  the 
spillway  crest  (Elevation  136)  has  been  adopted  as  the  highest  eleva- 
tion at  which  ice  pressure  coiild  be  present,  because  flash-boards  could 
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hardly  have  been  used  with  safety  on  the  original  spillway.  Uplift 
pressure  has  been  assumed  as  acting  along  the  entire  width  of  the 
base  of  the  original  structure  (though  over  only  50%  of  the  area), 
because,  in  severely  cold  weather,  the  weep-holes  through  the  footings 
were  frozen  up  solidly  and  hence  were  ineffective.  With  all  quantities 
stated,  as  before,  in  terms  of  a  15-ft.  bay,  the  results  are  as  follows : 

Weight  of  concrete 1  044  900  lb. 

Water  load  on  deck : 985  500  lb. 

Total  downward  pressure 2  030  400  lb. 

Deduct  uplift  pressure 675  000  lb. 

Net  load 1  355  400  lb. 

Total  resistance  to  sliding  =  1  355  400  lb.  X  0.25  =  338  850  lb. 

Horizontal   water   pressure 1  219  200  lb. 

Ice    pressiire 300  000  lb. 

Total  forces  tending  to  cause  sliding.  ..     1519  2001b. 
Hence  the  ratio  of  safety  is 

338  850  lb.        ^  ^^ 

=  0.223. 

1  519  200  lb. 

Or,  in  order  that  stability  against  sliding  may  become  equal  to 
unity,  the  coefficient  of  frictional  resistance  must  equal  0.25  divided 
by  0.223,  viz.,  1.12.  Evidently,  therefore,  the  Stony  River  Dam  as 
originally  constructed  could  not  be  considered  as  having  a  reasonable 
margin  of  safety  against  sliding. 

It  would  be  interesting,  of  course,  to  know  what  coefficient  of 
gross  resistance  to  sliding  obtained  prior  to  failure.  In  order  to  derive 
the  minimum  value  of  such  coefficient,  the  following  assumptions  are 
made,  conforming  to  the  conditions  which  actually  existed,  viz. : 

(a)  Head-water    level    at    elevation    of    spillway    crest,    inz.,    at 

Elevation  136; 
(6)  No  ice  pressure; 

(c)  Horizontal  water  pressure  equivalent  to  full  hydrostatic  pres- 
sure of  46.5  ft.,  viz.,  down  to  Elevation  89.5 ; 

(d)  Uplift  pressure  negligible; 

(e)  No  tail-water  pressure; 
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(/)  Any  resistance  to  horizontal  movement  furnished  by  the  unre- 

inforced  cut-oflp  wall  or   the  toe-wall   is   treated  as  forming^ 

part  of  the  gross  resistance   to   sliding   on   the  part   of  the 

foundation  soil. 

Under  these  conditions,   the  ratio   of  the  force  tending  to   cause 

sliding  to  the  load  above  the  base  of  the  footings,  for  a  15-ft.  bay,  was 

1  OU  600  lb. 


2  030  400  lb. 


=  0.50. 


In  other  words,  the  coefficient  of  gross  resistance  to  sliding,  under 
the  foregoing  conditions,  was  at  least  0.50;  for,  necessarily,  the  ratio 
of  safety  was  at  least  unity. 

Probably  the  resistance  to  horizontal  movement,  as  expressed  by 
such  ratio  or  coefficient,  was  due  in  part  to  cohesion  or  resistance  to 
direct  shear  within  the  foundation  soil  itself.  That  is,  it  is  likely 
that  failure  would  occur,  not  at  the  relatively  rough  surface  of  con- 
tact between  the  footing  concrete  and  the  foundation  soil,  but  along 
an  approximately  horizontal  plane  in  the  body  of  the  soil  just  below 
the  base  of  the  footings.  Such  resistance  to  shear  will  be  discussed 
further  in  connection  with  the  expedient  adopted  to  increase  the 
resistance  to  sliding  in  that  portion  of  the  dam  which  was  not  dis- 
turbed by  the  failure. 

It  should  be  noted  that  in  the  65  days  prior  to  the  failure,  during 
which  period  the  dam  withstood  the  pressure  of  the  full  reservoir, 
relatively  cold  weather  obtained,  and  the  ground-water  was  practi- 
cally at  its  lowest  level.  In  other  words,  it  is  likely  that  the  frictional 
resistance  would  have  decreased  as  the  foundation  soil  became  more 
saturated  by  leakage  and  ground-water  during  the  following  spring. 
Whether  the  dam  would  have  stood,  or  how  near  it  was  to  failure  by 
sliding,  no  inan  can  tell. 

Means  to  Increase  Resistance  to  Sliding. — Various  expedients 
were  considered  for  increasing  the  margin  of  safety  of  the  original 
structure  against  failure  by  sliding.  The  method  finally  selected 
involved  the  construction  of  anchoring  walls  at  the  heel  and  toe  of 
the  original  structure,  essentially  as  shown  on  Plate  V,  which  shows 
typical  sections  of  the  dam,  though  not  those  of  maximum  height. 
In  order  to  explain  more  clearly  the  reasons  for  adopting  this  method 
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of  increasing  resistance  to  sliding,  the  alternatives  considered  will' 
be  briefly  described  and  their  advantages  and  disadvantages  stated. 
1. — Referring  first  to  the  principal  feature  of  the  adopted  means, 
the  essential  advantages  of  the  anchoring  wall  at  the  heel  (the  action 
and  construction  of  which  are  discussed  in  more  detail  later  herein) 
are  as  follows  (Plate  V)  : 

(a)  It  utilizes  the  foundation  soil  under  the  dam,  and  in  effect 
also  a  considerable  quantity  of  the  foundation  soil  immedi- 
1  ately  down  stream  from  the  dam,  to  increase  the  total  weight 
which  must  be  moved  down  stream  in  case  the  dam  is  to 
fail  by  sliding. 
(6)  The  construction  of  such  an  anchoring  wall  at  the  heel  seals 
the  construction  joint  at  the  top  of  the  original  cut-off  wall, 
this  joint  having  in  some  places  opened  up  sufficiently  to 
allow  appreciable,  if  indeed  not  serious,  leakage. 

(c)  With  such  an  anchoring  wall,  any  down-stream  movement 
on  the  part  of  the  dam  will  tend  to  compact  the  underlying 
foundation  soil,  and,  therefore,  to  make  it  less  pervious. 

(d)  This  was  found  to  be  the  most  economical  method  of  obtain- 
ing the  desired  margin  of  safety  against  failure  by  sliding. 

The  only  disadvantage  of  constructing  an  anchoring  wall  at  the 
heel  alone  lay  in  the  resulting  high  unit  pressure  against  the  clay 
immediately  down  stream  from  such  "heel" — as  the  new  anchoring 
wall  at  the  heel  of  the  dam  has  for  convenience  been  styled. 

2. — With  especial  reference  to  that  portion  of  the  original  struc- 
ture which  remained  intact,  there  was,  of  course,  no  opportunity  to 
flatten  the  slope  of  the  deck,  and  thus  obtain  a  greater  water  load. 

3. — The  loading  of  the  footings  of  the  hollow  structure,  by  using 
concrete,  rock,  or  earth,  was  considered,  and  was  rejected  because: 
(a)   Such   additional    material    would    increase    the    load    on    the 

already  too  heavily  loaded  foundation  soil; 
(h)   The     original     footings     would     have     required     even     more 
strengthening  than  was  considered  necessary  with  the  means 
finally   adopted ; 

(c)  Such  loading  would  have  required  special  provision  for  in- 
spection of  the  drainage  system;  and 

(d)  The  expedient  was  limited  in  extent,  and,  taken  by  itself, 
was  not  considered  to  be  sufficient. 
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4. — Various  structural  additions  at  the  toe  of  the  dam  were  con- 
sidered; among  them  an  L-shaped  anchoring  wall  such  as  that  shown 
on  Plate  V.  This  method  of  obtaining  additional  resistance  to  slid- 
ing was  not  open  to  the  objections  to  the  proposed  loading  of  the 
original  footings.  However,  if  adopted  to  furnish  the  entire  required 
increase  in  resistance  to  sliding,  it  would  have  been  subject  to  certain 
different  objections,  viz. : 

(a)  For  the  same  depth  below  original  ground  surface,  gener- 
ally speaking,  less  increase  in  resistance  to  sliding  results 
than  in  the  case  of  an  anchoring  wall  at  the  heel  alone;  for 
the  toe-wall  does  not  utilize  the  foundation  material  under 
the  body  of  the  dam. 

(h)  In  the  case  of  this  particular  clayey  soil,  the  toe-wall,  like 
the  "heel",  is  limited  in  efficacy  by  the  safe  bearing  value 
of  the  soil  in  compression. 

(c)  In  case  of  any  yielding  at  the  toe  of  the  dam,  either  down- 
ward or  down  stream,  the  effect  might  be  to  cause  either  crack- 
ing in  the  original  cut-off  wall  or,  at  the  very  least,  the 
opening  of  the  construction  joint  at  the  top  of  the  old  cut- 
off (Plate  V).  Thus,  water  under  reservoir  pressure  might 
immediately  be  admitted  under  the  base  of  the  dam. 

On  the  other  hand,  the  anchoring  wall  at  the  toe  has  certain  advan- 
tages not  possessed  by  the  "heel",  viz. : 

(d)  By  means  of  its  vertical  member,  the  toe-wall  confines  the 
foundation  soil  under  the  original  footings  of  the  dam,  thus 
increasing  the  safe  load  to  which  that  soil  may  be  subjected. 

(e)  The  horizontal  member  of  the  toe-wall  in  effect  increases 
the  width  of  the  base  of  the  dam,  thus  decreasing  the  unit 
vertical  load  on  the  foundation  soil,  as  will  be  shown  later 
in  more  detail  under  the  heading  "Footings". 

It  is  clear,  however,  that  in  cases  where  it  is  necessary  similarly  to 
increase  the  margin  of  safety  of  a  dam  against  failure  by  sliding, 
but  where  there  is  no  opportunity  to  construct  an  anchoring  wall  at 
the  heel,  an  anchoring  wall  at  the  toe  can  be  made  to  answer  the  pur- 
pose. Generally  speaking,  it  is  merely  a  matter  of  proportioning 
such  a  toe-wall  properly. 
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5. — Investigation  was  made  of  the  desirability  of  constructing 
reinforced  concrete  columns  at  the  toe  of  the  dam,  inclining  down- 
ward and  approximately  parallel  to  the  line  of  action  of  the  resultant 
load  on  the  dam.  This  proposal  was  rejected,  partly  because  the 
result  would  be  equivalent  to  placing  the  dam  on  relatively  unyield- 
ing supports — stilts,  as  it  were — thus  changing  the  character  of  the 
stresses  in  the  original  footings. 

6. — The  construction  of  a  heavy  block  of  concrete,  approximately 
square  in  cross-section  and  extending  along  the  entire  length  of  the 
toe  of  the  dam,  was  considered  and  rejected  because  the  L-shaped 
toe-wall  transmits  vertical  and  horizontal  loads  into  the  foundation 
material  to  the  same  extent,  but  with  much  less  concrete  and  exca- 
vation. 

In  view  of  the  foregoing  considerations,  it  was  concluded  to  use 
anchoring  walls  at  both  heel  and  toe;  for,  by  means  of  the  toe- wall,  it 
was  possible  to  reduce  to  a  safe  value  the  otherwise  excessive  horizontal 
load  on  the  foundation  soil  at  the  heel.  The  reconstructed  dam  acts 
essentially  as  a  monolith ;  hence  down-stream  deflection  or  yielding  must 
be  equal  at  heel  and  toe.  Inasmuch,  then,  as  the  load  on  the  foundation 
soil  is  proportional  to  the  deflection,  the  unit  horizontal  loads  at  heel 
and  toe  are  approximately  equal. 

Likewise,  at  the  new  spillway  of  the  dam,  an  anchoring  wall  at  the 
heel  was  used.  Here  advantage  was  taken  of  the  opportunity  of  com- 
bining the  cut-off  and  the  anchoring  device  in  a  single  wall,  as  shown 
on  Plate  III.  As  the  foundation  of  the  new  spillway  consists  of  shale, 
the  problem  of  keeping  within  the  safe  load  against  the  material  at  the 
heel  was  not  difficult,  and  hence  no  achoring  wall  was  required  at  the  toe. 

Analysis  of  Anchoring  Walls. — The  principle  on  which  the  design 
of  the  anchoring  walls  is  based  applies  both  in  the  case  of  the  strength- 
ening of  the  original  structure  and  in  that  of  the  construction  of 
the  new  spillway.  The  detailed  explanation,  however,  will  be  made  with 
reference  to  the  typical  bulkhead  section  at  Bay  35,  as  shown  on  Plate  V. 

The  use  of  such  anchoring  walls,  to  furnish  specific  and  reliable 
resistance  to  sliding,  by  utilizing  the  weight  of  the  foundation  material 
underlying,  and  immediately  down  stream  from,  a  dam,  is  believed  to 
be  new.  It  was  first  applied  by  the  writer  in  the  case  of  the  State  Line 
Dam  of  the  Hydro-Electric  Company  of  West  Virginia,  on  Cheat  River 
in  West  Virginia. 
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Keferring  now  to  Plate  V,  the  anchoring  wall  at  the  heel  is  tied  into 
the  dam  by  twisted,  square,  steel  bars  extending  through  openings 
broken  through  the  base  of  the  original  deck  of  the  dam.  The  heel  itself 
consists  essentially  of  two  cantilever  members  of  reinforced  concrete, 
extending,  respectively,  above  and  below  the  steel  which  ties  the  heel 
to  the  original  structure.  A  relatively  long  cantilever  member  extends 
downward  immediately  adjacent  to  the  up-stream  face  of  the  original 
cut-off,  and  a  relatively  short  cantilever  member  extends  upward  im- 
mediately adjacent  to  the  base  of  the  original  deck.  Both  cantilevers 
are  suitably  reinforced  against  stresses  due  to  bending  moment  and  shear. 

Although  some  of  the  horizontal  water  pressure  is  exerted  directly 
against  the  anchoring  wall  or  heel,  the  greater  portion  is  exerted 
against  the  deck,  and  by  the  deck  is  transmitted  into  the  buttresses. 
The  tie-steel  previously  referred  to  is  embedded  in  the  reinforced  con- 
crete footing  strengthening,  which  in  turn  is  thoroughly  tied  into  the 
base  of  each  adjacent  buttress,  as  shown  on  Plate  Y.  Thus  the  tie-steel 
receives  from  the  buttresses  and  the  footings  that  portion  of  the  hori- 
zontal water  pressure  which  is  not  exerted  directly  against  the  heel,  or 
has  not  been  taken  up  by  the  frictional  resistance  of  the  foundation  soil 
immediately  in  contact  with  the  footings. 

The  lower  cantilever  member  of  the  anchoring  wall  in  turn  trans- 
mits such  surplus  load  into  the  foundation  soil  down  stream  from  the 
heel.  The  fact  that  the  stress  is  transmitted  through  the  medium  of 
the  original  cut-off  wall  is  immaterial,  except  to  the  extent  that  the 
cut-off  wall  serves  to  transmit  some  of  the  load  into  the  foundation  soil 
below,  and  down  stream  from,  the  bottom  of  the  heel.  The  reaction 
at  the  top  of  the  lower  cantilever,  of  course,  is  taken  up  by  the  upper 
and  shorter  cantilever  and  transmitted  through  the  deck,  in  part  directly 
into  the  buttresses  and  in  part  into  the  approximately  triangular  fillet 
of  new  concrete  placed  in  the  angle  between  the  deck  and  the  footings 
(Plate  V).  Ordinarily,  this  fillet  acts  as  an  arch  to  transmit  the 
reaction  back  into  the  buttresses  and  footings.  In  certain  cases,  how- 
ever, where  steps  occur  in  the  footings  at  the  centers  of  bays,  it  was 
necessary  to  reinforce  the  triangular  fillets  to  act  as  cantilever  beams 
supported  at  the  buttresses  and  extending  outward  to  the  centers  of  the 
adjacent  bays. 

The  effect  of  the  anchoring  wall  at  the  heel  is  essentially  to  lower 
the  main  ''plane  of  least  resistance"  to  sliding  from  its  original  posi- 
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tion,  at  or  immediately  under  the  base  of  the  footings  of  the  dam,  to  a 
position  approximately  at  the  elevation  of  the  bottom  of  the  new  anchor- 
ing wall  at  the  heel.  By  "plane  of  least  resistance"  to  sliding  is  meant 
the  surface  or  surfaces,  approximating  a  plane  or  planes  extending 
through  the  foundation  material,  along  which  the  total  resistance  to 
horizontal  movement  (sliding)  is  lees  than  along  any  other  surfaces  or 
approximate  planes. 

In  so  far  as  resistance  to  sliding  is  concerned,  the  result  of  such 
lowering  of  the  main  "plane  of  least  resistance"  is  to  cause  the  weight 
of  the  foundation  material  in  advance  of  the  anchoring  wall  to  be 
utilized  at  least  as  effectively  as  the  weight  of  the  body  of  the  dam 
itself.  This  utilization  of  the  weight  of  the  foundation  material  occurs 
in  two  ways,  as  will  be  apparent  by  reference  to  Plate  V.  Let  it  be 
assumed  that,  for  the  conditions  existing  in  the  typical  section  there 
illustrated,  the  "planes  of  least  resistance"  are  represented  by  the  lines, 
A-B  and  B-E,  respectively.     Then 

1- — The  foundation  material  lying  above  A-B  and  to  the  left  of 
B-0  must,  in  case  of  failure,  slide  along  the  plane,  A-B. 
This  is  also  true  of  the  concrete  structure  (including  the 
anchoring  wall)  and  the  superimposed  water  load.  The  resist- 
ance to  sliding  of  these  several  elements  is  represented  by  the 
product  of  their  weight  multiplied  by  the  coefficient  of  fric- 
tional  resistance. 

2. — The  foundation  material  lying  between  B-C  and  B-E  must,  in 
case  of  the  failure  of  the  dam  by  sliding,  move  simultaneously 
down  stream  and  upward  along  the  plane,  B-E.  Such  move- 
ment of  this  material,  therefore,  is  opposed,  not  merely  by 
frictional  resistance,  but  also  by  the  force  of  gravity.  The 
resistance  of  this  particular  portion  of  the  foundation  material 
is  analyzed  subsequently  in  more  detail. 

The  location  of  the  "planes  of  least  resistance"  is  dependent  on  the 
conditions  existing  in  any  particular  case.  For  the  conditions  shown 
on  Plate  V,  a  general  statement  may  be  made,  as  follows : 

It  is  evident  that,  assuming  proper  design  and  construction  of  the 
anchoring  wall  at  the  heel  of  the  dam,  the  main  "plane  of  least  resist- 
ance" cannot  begin  above  A.  N^eglecting  for  the  moment  the  existence 
of  the  original  cut-off,  it  is  further  evident  that  the  main  "plane  of 
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least  resistance"  could  not  extend  downward  in  a  direction  such  as 
A-G.  In  other  words,  the  resistance  along  any  plane  dipping  below 
the  horizontal  is  necessarily  greater  than  the  resistance  along  the  plane, 
A-B.  Whether  the  "plane  of  least  resistance"  extends  horizontally  or 
in  an  upward  direction  from  4  is  a  matter  for  determination  by  trial 
computation.  In  this  particular  case,  of  course,  the  old  cut-off  wall  is 
a  factor,  even  though  its  effect  may  be  indefinite.  For  instance,  were 
the  break  in  it  to  be  in  an  upward  direction,  such  as  A-F,  its  effect  on 
the  location  of  the  main  "plane  of  least  resistance"  would  be  nil,  or  at 
least  negligible.  On  the  other  hand,  a  break  in  a  downward  direction, 
such  as  A-H,  might,  owing  to  the  strength  of  the  concrete  cantilevering 
below  the  elevation  of  A,  cause  the  initial  point  of  the  main  "plane  of 
least  resistance"  to  be  at  a  lower  elevation,  for  example,  at  H  instead 
oi  A. 

To  the  left  of  the  vertical  plane  represented  by  the  line,  B-C,  pass- 
ing through  the  down-stream  edge  of  the  new  toe-wall  of  the  dam,  the 
foundation  material  is  confined  by  the  weight  of  the  structure  shifted, 
as  it  were,  toward  the  down-stream  side  of  the  footings  by  the  horizontal 
thrust  of  the  water  load.  In  effect,  this  weight  is  greatest  per  square 
foot  at  the  very  down-stream  edge  of  the  toe-wall,  which  is  practically 
monolithic  with  the  original  structure.  The  line  or  plane  of  failure 
could  not  turn  upward  (from  the  main  "plane  of  least  resistance")  on 
the  left  side  of  B-0  unless  the  foundation  material  underlying  the  dam, 
and  above  such  new  and  increased  slope,  were  to  fail  in  compression, 
or  were  to  "flow". 

Moreover,  at  the  toe  there  is  a  concentration  or  transfer  of  horizontal 
thrust  into  the  foundation  material.  In  the  present  instance  this 
transfer  of  thrust  is  accomplished  partly  through  frictional  resistance 
between  the  soil  and  the  toe-wall  (especially  the  horizontal  leg  thereof), 
and  partly  through  direct  bearing  of  the  toe-wall  (especially  the 
vertical  leg  thereof)  against  the  soil. 

It  is  probable,  therefore,  that  the  main  "plane  of  resistance"  would 
end  approximately  below  the  down-stream  edge  of  the  toe-wall,  as  at  B. 

If,  then,  the  main  "plane  of  least  resistance"  is  represented  by 
A-B,  it  follows  that  unless  (1)  the  foundation  material  fails  in  com- 
pression, as  along  B-C,  or  (2)  the  coefficient  of  frictional  resistance  is 
too  great,  the  "plane  of  least  resistance"  will  turn  upward  at  B.  Gen- 
erally speaking,  the  slope  of  this  plane  must  be  determined  by  trial, 
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although,  under  certain   conditions,  the  slope  may  be  determined  by 
direct  computation. 

Theory  of  Resistance  at  Toe. — The  resistance  of  the  foundation 
material  at  the  toe  of  the  dam,  by  which,  on  Plate  Y,  for  instance,  is 
meant  the  material  to  the  right  of  B-C,  is  a  factor  sufficiently  important 
to  warrant  more  detailed  explanation.  Practically,  on  account  of  the 
character  of  the  material  in  question,  the  results  of  theoretical  analysis 
represent  the  actual  conditions  only  approximately.  The  refinement 
of  such  analysis,  however,  is  worth  while,  because  it  aids  in  obtaining 
a  thorough  understanding  of  the  case. 

The  problem  is  essentially  one  of  "passive  thrust".  The  analysis 
adopted  as  applying  to  the  general  case  is  based  on  the  assumptions 
that: 

(a)   The    foundation    material,    viz.,    earth,    is    homogeneous    and 

granular ; 
(6)   The  material  is  without  cohesion; 

(c)  The  coefficient  of  frictional  resistance  (being  the  same  as  the 
coefficient  of  internal  friction)  =  /; 

(d)  In  case  of  sliding,  failure  of  the  foundation  material  at  the 
toe  will  occur  along  a  plane,  such  as  B-E ; 

(e)  The  resistance  of  the  foundation  material  to  compression  (as 
in  the  vertical  plane,  B-C)  is  so  great  as  not  to  be  the  limiting 
factor  in  toe  resistance; 

(/)  The  load  on  the  foundation  material  in  a  vertical  plane  (such 
as  B-C)  increases  in  intensity  regularly  from  zero  at  C  to  a 
maximum  at  B ; 

(g)  It  is  necessary  to  the  stability  of  a  granular  mass  that  the 
direction  of  the  pressure  of  the  portions  into  which  it  is  divided 
by  any  plane  should  not  at  any  point  make  with  the  normal  to 
that  plane  an  angle  exceeding  the  angle  of  repose.* 

Under  the  foregoing  assumptions,  it  would  appear  that,  in  case 
of  failure  of  the  dam  by  sliding,  a  wedge-like  section  of  the  foundation 
material  would  be  forced  upward  approximately  between  and  along 
B-C  and  B-E.  The  toe  resistance — in  other  words  the  resistance  to 
movement  on  the  part  of  such  wedge-like  section — depends  on  whether 
there  is  frictional  resistance  along  the  vertical  plane,  B-C,  such  as 

*  Rankine's  "A  Manual  of  Applied  Mechanics",  17th  Ed.,  p.  213,  Theorem  I. 
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there  is  along  the  inclined  plane,  B-E.  There  appears  to  be  no  valid 
objection  to  the  assumption  that  the  resistance  along  the  vertical  plane 
is  equal  to  that  along  the  inclined  plane.  However,  the  results  will 
be  stated  on  each  basis,  the  more  conservative  assumption  being  that 
there  is  no  frictional  resistance  in  the  vertical  plane,  B-G : 

Condition  I. — Without  friction  in  the  vertical  plane,  B-C.      (See 
Fig.  20.)  • 


Resultant 
Normal  to  BE^-^ 


Resultant' 

Normal  to  BE 
Fig.  21. 


G 


Fig.   20.  Fig.   21. 

li  H  =  horizontal   pressure   in    the   plane,    B-G,   against   the 
wedge  of  earth,  G-B-E,  sufficient  to  cause  movement 
of  the  wedge; 
=  weight  of  material  (per  unit  length  of  dam)   included  be- 
tween B-G  and  B-E ; 
a  =  angle  of  friction  (viz.,  the  angle  the  tangent  of  which  is  /)  ; 
6  =  angle   between   "plane   of  least   resistance",   B-E,  and   the 
vertical  (plane  B-G). 

Then  H  ^^  G  cot.  (0  —  a),  since  the  friction,  along  the  plane,  B-E, 
resists  both  the  thrust,  H,  and  movement  of  the  weight,  G. 

For  the  purpose  in  question,  it  is  necessary  to  determine  the  mini- 
mum value  of  //.  In  the  general  case,  with  an  irregular  surface 
boundary  between  G  and  E,  it  is  necessary  to  determine  such  a  mini- 
mum value  by  trial.  Ordinarily,  this  can  most  easily  be  accomplished 
by  plotting  a  curve  with  values  of  0  as  abscissas,  and  corresponding 
computed  values  of  H  as  ordinates.  The  lowest  value  of  H  shown  by 
such  a  curve  is,  of  course,  the  desired  value. 
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However,  in  the  special  case  in  which  the  upper  bounding  surface 
is  horizontal — as  represented  on  Plate  V  by  C-D — the  minimum  value 
of  H  may  be  stated  mathematically  by  expressing  G  in  terms  of  B 
and  then  placing  the  first  differential  of  the  resulting  equation  equal 
to  zero.    Accordingly,  it  is  found  that  i7  is  a  minimum  when 

a 

0  =  45°  +  ~. 
2 

Evidently,  in  this  special  case  the  critical  value  of  6  (giving  the 
minimum  value  oi  H)  cannot  be  less  than  45  degrees. 

Condition  II. — The  frictional  resistance  in  the  vertical  plane,  B-C, 
equals  /.     (See  Yig.  21.) 

In  the  general  case,  under  this  condition, 

cos.  (6  —  a) 

H  =  G  cos.  a ^ 

sin.  (6  —  2a:) 

It  follows  that,  since  H  becomes  infinitely  great  when  sin.  (0  —  2a) 
-=  0,  6  must  be  greater  than  2a.  Again,  under  ordinary  physical  con- 
ditions, G  and,  hence  also,  H,  become  infinitely  great  for  6/^  90  degrees. 
Therefore,  excepting  for  failure  in  compression,  failure  cannot  occur 
unless  a  is  less  than  45° — in  other  words,  unless  f,  the  tangent  of  a,  is 
less  than  1.0. 

In  the  special  case  where  the  upper  surface  of  the  toe  material  lies 
in  the  plane,  C-D,  the  minimum  value  of  H  may  be  determined  mathe- 
matically, as  under  Condition  I,  it  being  found  that  i?  is  a  minimum 
when 


e  =  tan.  -^ 


r  1  tan.  a  +  sec.  a  \f  2A 
V  1  —  tan. 2  a  J 


Actual  Toe  Resistance. — Under  many,  if  indeed  not  under  most, 
foundation  conditions,  the  toe  resistance  is  limited  practically,  not 
by  the  theoretical  minimum  values  of  H  as  expressed  in  the  foregoing 
paragraphs,  but  by  a  third  condition,  namely,  the  bearing  value  of  the 
foundation  material.  This  is  the  case  at  the  Stony  River  site.  For 
design  purposes,  the  maximum  load  in  the  plane,  B-C,  under  the  con- 
ditions illustrated  on  Plate  V,  was  limited  to  the  safe  bearing  value, 
in  lateral  compression,  of  the  soil  at  the  site.  This  value  was  assumed . 
as  4  000  lb.  per  sq.  ft.  In  other  words,  the  average  resistance  to  slid- 
ing in  the  vertical  plane,  B-C,  was  limited  to  2  000  lb.  per  sq.  ft. 
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To  illustrate  the  possibilities  of  toe  resistance,  as  well  as  the  prob- 
able actual  values,  reference  is  again  made  to  the  typical  section  of 
the  strengthened  structure  at  Bay  35,  as  shown  on  Plate  V,  all  cal- 
culations being  based  on  normal  maximum  load  conditions,  with  / 
assumed  =  0.33 : 

Assuming  first  that  the  main  "plane  of  least  resistance"  to  sliding 
is  horizontal  (see  A-B,  Plate  V),  and  assuming  that  there  is  no  fric- 
tional  resistance  in  the  vertical  plane,  B-C,  the  inclined  "plane  of 
least  resistance"  at  the  toe  is  found  to  make  an  angle,  6,  of  44°  with 
the  vertical  for  the  minimum  value  of  E  (toe  resistance  to  sliding). 
The  corresponding  total  resistance  to  sliding  is  approximately  140  080 
lb.  per  lin.  ft.  If,  instead,  the  frictional  resistance  in  the  vertical 
plane,  B-Cj  is  assumed  to  be  equal  to  that  in  the  inclined  "plane  of 
least  resistance",  the  latter  is  found  to  make  an  angle  of  67°  with  the 
vertical,  with  a  corresponding  total  resistance  of  about  183  530  lb. 
per  lin.  ft.  However,  if  limited  by  the  assumed  safe  bearing  value 
of  the  soil  in  lateral  compression,  that  is  4  000  lb.  per  sq.  ft.,  the  total 
resistance  to  sliding  is  only  115  080  lb.  per  lin.  ft. 

Assuming  now  at  random  a  different  location  of  the  main  "plane 
of  least  resistance",  viz.,  A-I  (Plate  V),  making  an  angle,  ^,  of  6° 
with  the  horizontal,  it  is  found  that,  without  frictional  resistance  in 
the  vertical  plane,  I-C,  the  angle,  6,  is  39°,  and  the  total  resistance 
to  sliding  is  about  131  200  lb.  per  lin.  ft. ;  that  with  full  frictional 
resistance  (/  =  0.33)  in  the  plane,  I-C,  the  angle,  0,  is  65°,  and  the 
corresponding  total  resistance  is  159  300  lb.  per  lin.  ft. ;  but  that,  if 
limited  by  the  safe  bearing  value  of  the  soil,  the  total  resistance  is 
only  121 650  lb.  per  lin.  ft.  In  order  to  determine  the  minimum 
values  of  the  total  resistance  to  sliding  for  each  of  the  three  condi- 
tions just  mentioned,  enough  different  locations  of  the  main  "plane 
of  least  resistance"  were  assumed,  and  corresponding  calculations 
were  made,  to  warrant  the  plotting  of  a  diagram  in  which  the  values 
of  y8  (the  angle  which  the  main  "plane  of  least  resistance"  makes  with 
the  horizontal)  and  of  total  resistance  to  sliding,  respectively,  were 
plotted  as  rectangular  co-ordinates. 

It  was  evident  from  inspection  of  the  results  that,  with  the  resist- 
ance at  the  toe  limited  by  the  safe  bearing  value  of  the  soil,  the  mini- 
mum total  resistance  to  sliding  is  afforded  when  the  main  "plane  of 
least  resistance"  is  in  the  horizontal  position,  A-B.     However,  from 
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the  diagram  which  was  based  on  the  assumption  that  there  is  no 
frictional  resistance  in  the  vertical  plane,  ft  was  found  to  be  approx- 
imately 8°  for  the  minimum  value  of  total  resistance  to  sliding,  equal- 
ing about  128  500  lb.  per  lin.  ft.  Correspondingly,  a  value  of  8°  15' 
was  found  for  ^  under  the  assumption  that  the  coefficient  of  frictional 
resistance  in  the  vertical  plane  too  is  0.33,  the  minimum  total  resist- 
ance to  sliding  being  approximately  152  700  lb.  per  lin.  ft.  Both 
these  values  of  total  resistance  to  sliding  are  greater  than  that  ob- 
tained when  the  resistance  at  the  toe  is  limited  by  the  safe  bearing 
value  of  the  soil,  viz.,  115  080  lb.  per  lin.  ft.  Consequently,  for 
design  purposes,  the  "planes  of  least  resistance"  under  "normal  max- 
imum load"  for  the  section  shown  on  Plate  V  were  assumed  to  be 
represented  by  A-B  and  B-C. 

It  is  interesting  to  note  to  what  extent  the  total  resistance  to  slid- 
ing at  Bay  35  was  increased  in  the  reconstruction.  Retaining  still  the 
"normal  maximum  load"  conditions,  and  with  resistance  at  the  toe 
limited  by  the  safe  bearing  value  of  the  soil,  the  total  resistance  to 
sliding  was  increased  from  approximately  41  310  lb.  per  lin.  ft.,  in  the 
case  of  the  original  structure,  to  approximately  115  030  lb.  per  lin. 
ft.,  in  the  case  of  the  strengthened  structure.  In  other  words,  the 
total  resistance  to  sliding  was  increased  by  about  178  per  cent.  Cor- 
respondingly, on  the  basis  of  the  assumption  that  the  resistance  at 
the  toe  is  not  limited  by  the  safe  bearing  value  of  the  soil,  but  that  no 
frictional  resistance  exists  in  the  vertical  plane  at  the  toe,  the  total 
resistance  to  sliding  would  be  increased  by  about  211% ;  and  if,  in 
addition,  the  coefficient  of  frictional  resistance  in  the  vertical  plane 
is  assumed  to  be  0.33,  the  increase  would  have  been  about  270  per 
cent. 

Of  course,  there  is  undoubtedly  a  considerable  difference  between 
theoretical  and  actual  conditions.  Thus,  referring  to  the  foregoing 
assumptions  on  which  the  theoretical  analysis  has  been  based,  earth 
is  rarely,  if  ever,  strictly  homogeneous.  The  coefficient  of  frictional 
resistance  varies,  and  the  "planes  of  least  resistance"  are  probably 
never  true  planes.  Crude  experiments  made  by  the  writer  indicate 
that,  even  in  the  case  of  such  granular  material  as  sand,  the  surface 
along  which  failure  occurs  is  by  no  means  a  true  plane.  Under  the 
Stony  River  conditions,  the  "planes  of  least  resistance"  are  affected 
also   by  boulders.     Again,   any  cohesion   existing   within  the   founda- 
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tion  soil  causes  the  resistance  to  sliding  to  be  greater  than  according 
to  the  preceding  analysis.  It  is  evident,  however,  that  procedure 
along  the  lines  indicated  is  amply  conservative  and  safe. 

It  may  not  be  amiss  to  point  out  that  anchoring  walls  such  as  those 
described  may  be  applied  properly  and  economically  in  the  case  of 
rock  foundations,  particularly  when  the  foundations  consist  of  lami- 
nated rock  with  relatively  low  frictional  resistance.  By  this  means  a 
considerable  quantity  of  the  foundation  rock  can  be  made  to  afford 
resistance  to  sliding  just  as  reliably  as  though  the  corresponding 
weight  consisted  of  concrete  in  the  body  of  the  dam.  Generally 
speaking,  anchoring  walls,  even  if  not  used  for  the  purpose  of  reducing 
the  quantity  of  material  in  the  body  or  superstructure  of  a  dam,  will, 
at  least,  increase  the  margin  of  safety. 

Stability  of  Strengtliened  Structure  Against  Sliding. — The  design 
of  the  features  entering  into  the  strengthening  of  those  portions  of 
the  dam  which  remained  intact  conformed  as  closely  as  practicable  to 
the  general  criterion  that  the  ratio  of  the  probable  forces  resisting 
sliding  should  be  twice  the  probable  forces  tending  to  cause  sliding. 

It  will  be  noted  from  Plate  Y  that  an  earth  fill  has  been  placed 
down  stream  from  the  typical  section  there  shown.  Fig.  22  shows 
more  clearly  the  limits  and  height  of  this  fill,  which  extends  along 
the  entire  length  of  the  higher  sections  of  the  dam,  viz.,  between  the 
old  and  the  new  spillways.  Referring  again  to  Plate  V,  it  is  evident 
that  the  presence  of  this  earth  fill  increases  the  quantity  of  material 
lying  with  the  angle,  6.  Moreover,  the  greater  the  coefficient  of  fric- 
tional resistance  of  the  foundation  soil,  the  greater  the  angle,  6,  and 
hence  the  greater  the  eifective  resisting  weight  due  to  the  earth  fill. 
The  material  for  the  fill  was  obtained  largely  from  the  excavation  for 
the  new  spillwaj'  channel. 

As  in  the  case  of  the  original  structure,  the  margin  of  safety 
resulting  from  the  work  of  strengthening  will  be  illustrated  by  several 
examples  under  different  sets  of  conditions.  Thus,  for  the  strength- 
ened sections  of  maximum  height,  the  results  are  as  follows : 

I. — Under  the  assumed,  "normal  maximum  load"  conditions,  as 
set  out  in  Column  (6),' Table  3, 

Forces  resistino:  sliding  ^  „„ 

=2.03. 


rorces  tending  to  cause  sliding 
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Fig.   22. — Stony  River  Dam  as  Reconstructed.     View  from  West  Bank. 


Tig.  23. — Erosion  Under  Footing  at  Heel  of  Dam. 
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For  the  original — that  is,  the  unstrengthened— structure,  the  corre- 
sponding ratio,  as  previously  explained,  was  O.Gl.  By  comparison  of 
the  conditions  set  out  in  Columns  (2)  and  (6),  Table  3,  it  will  be 
noted  that  the  only  difference  in  the  assumed  conditions  is  that  in  the 
case  of  the  strengthened  structure,  Column  (6),  factor  (c),  the  as- 
sumed elevation  of  the  lower  limit  of  equivalent  full  hydrostatic 
pressure  against  the  dam  was  raised  somewhat.  This  was  warranted 
by  the  fact  that  considerable  pervious  material  was  taken  out  of  the 
river-bed,  immediately  up  stream  from  the  dam,  and  replaced  by  a 
back-fill  of  impervious  clay,  the  back-fill  in  turn  being  covered  in 
part  with  a  reinforced  concrete  protecting  mat,  especially  near  the 
sluice-gates  (see  Plate  IV). 

II. — Under  the  "most  severe  conditions  within  the  limits  of 
reason",  as  applied  to  the  strengthened  structure  (see  Column  (8), 
Table  3), 

Forces  resisting  slidiugr 


Forces  tendino;  to  cause  slidine: 


=  1.07. 


This  ratio  is  to  be  compared  with  the  ratio  of  0.22  for  the  sections 
of  maximum  height,  of  the  structure  as  it  stood  originally.  The 
comparison  is  the  more  striking  when  it  is  noted  that,  inasmuch  as 
3-ft.  flash-boards  can  be  used  safely  on  both  spillways  of  the  recon- 
structed dam,  the  assumed  elevation  of  head-water  is  3  ft.  greater  in 
the  case  of  Column  (8)  than  in  the  case  of  Column  (4),  which 
correspondingly  sets  out  the  "most  severe  conditions  within  the  limits 
of  reason"  for  the  sections  of  maximum  height  of  the  original 
structure. 

As  to  the  typical  strengthened  section  at  Bay  35,  shown  on  Plate 
V,  the  margin  of  safety  against  sliding  is  represented  as  follows : 

III. — Under  the  "normal  maximum  load"  conditions  set  out  in 
Column  (7),  Table  3,  the  ratio  of  safety  is  2.14. 

IV. — Under  the  "most  severe  conditions  within  the  limits  of 
reason",  as  set  out  in  Column  (9),  Table  3,  the  ratio  of  safety  is  1.12. 

These  ratios  of  course,  would  be  bettered  by  any  increase  in  the 
respective  coefficients  of  frictional  resistance  assumed.  There  are, 
however,  certain  additional  factors,  tending  toward  greater  safety 
against  sliding,  which  apply  in  tlie  case  of  the  strengthened  portions 
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of  the  dam  founded  on  the  clayey  over-burden,  but  in  none  of  which 
was  any  specific  reliance  placed,  namely: 

(a)  In  the  structure  as  strengthened  there  is  no  tendency  to  break 
at  the  top  of  the  cut-off  wall.  The  resistance  of  the  old  cut-off 
wall  to  shear  or  rupture  at  the  bottom  of  the  new  "heel"  is, 
therefore,  a  considerable  factor  in  resisting  sliding. 

(h)  Again,  if  such  shear  or  rupture  in  the  cut-off  wall  should 
occur  below  the  bottom  of  the  "heel",  or  should  extend 
below  the  bottom  of  the  "heel"  in  a  direction  such  as  A-H, 
Plate  V,  the  effect  would  be  to  lower  still  further  the  "planes 
of  least  resistance"  and,  consequently,  to  increase  the  re- 
sistance to  sliding. 

(c)  The  existence  of  cohesion  or  resistance  to  shear  in  the  clayey 
foundation  soil  is  by  no  means  speculative  even  though  the 
amount  of  such  resistance  may  not  be  readily  and  reliably 
determinable. 

Tests  of  Shearing  Value  of  Clay. — The  writer  has  found  no  pre- 
viously published  data  on  this  subject,  and  therefore  believes  that 
certain  tests  made  during  the  Stony  River  reconstruction  by  Mr. 
D.  N,  Showalter,  Resident  Engineer,  will  be  of  general  interest.  The 
apparatus  contrived  by  Mr.  Showalter  for  making  the  test  was  simple 
and  yet  quite  effective. 

Specimens  of  clay  were  dug  out  of  the  foundation  over -burden 
and  cut  to  such  shape  as  to  fit  the  apparatus.  The  shearing  was 
then  accomplished  by  slicing  off  the  clay,  as  it  were,  with  a  2  by  6-in. 
piece  of  wood  which  was  forced  across  the  specimen  by  a  small  set  of 
blocks  and  tackle.  The  tension  in  the  rope  was  measured  by  a  spring 
balance.  The  specimens  tested  were  fairly  moist.  The  results  of  these 
tests  of  the  shearing  values  of  several  different  clayey  soils  are  given 
in  Table  4. 

From  inspection  of  the  data  in  Table  4,  it  will  be  noted  that,  as 
was  to  be  expected,  the  presence  of  sand  in  the  clay  very  materially 
lessens  the  shearing  value.  However,  even  among  Specimens  1  to  8, 
inclusive,  there  is  considerable  variation  among  the  results.  The 
effect  of  the  length  of  time  of  application  of  a  given  shearing  load 
was  not  investigated,  though  time  is   undoubtedly   a  very  important 
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factor.     The  results  clearly  indicate  that  here  is  a  fruitful  field  for 
further  experimentation. 

TABLE   4. — Results  of   Tests  of   Shearing  Value  of   Foundation 
Soils  at  Stony  River  Dam  Site. 


Initial  area 

Load*  at 

failure,  in 

pounds. 

Shearing  value. 

Experiment 

Character  of  soil 

under  shearing 

in  pounds  per 

No. 

under  test. 

stress,  m 

square  inch  of 

square  inches. 

initial  areas. 

1 

White  clay. 

9.0 

109 

12.1 

2 

"        " 

4.8 

128 

26.6 

S 

I.               u 

6.1 

126 

30.7 

4 

••         " 

8.7 

226 

26.0 

5 

"         " 

7.7 

176 

32.8 

6     , 

Black  gumbo. 

19.3 

184 

9.6 

7 

'■         " 

19.2 

309 

16.1 

8 

Black  loam. 

13.7 

219 

16.0 

9 

Sandy  yellow  clay. 

19.3 

89 

4.6 

10 

14.6 

39 

2.7 

Average. 


.15.7 


♦Including  proper  allowance  for  weight  of  apparatus. 
Note. — All  soil  was  in  natural  state  of  moistness. 

To  the  writer,  it  appears  that  it  is  hardly  proper,  in  the  light  of 
present  information,  that  the  shearing  value  of  clay  should  be  taken 
into  account  over  and  above  the  resistance  to  sliding  developed  under 
such  conditions  as  obtained  in  the  tests  of  frietional  resistance  re- 
ported in  Table  2.  The  resistance  of  the  clay  to  shear,  however, 
affords  an  added  margin  of  safety,  indefinite  though  the  extent  of 
the  added  margin  may  be.  Accordingly,  it  is  interesting  to  consider 
what  might  be  the  effect  of  such  resistance  to  shear  in  a  typical  case, 
for  example,  the  section  at  Bay  35  under  "normal  maximum  load" 
conditions. 

Referring  to  Plate  V,  it  will  be  remembered  that,  in  case  of  failure 
of  the  dam  by  sliding,  it  was  assumed  that  failure  along  A-B  would 
occur  by  sliding  of  clay  on  clay,  and  that  failure  along  B-G  would 
occur  by  the  crushing  of  the  clay  or  other  foundation  material.  Hence 
it  is  only  along  A-B  that  the  resistance  of  the  clay  to  shear  could 
increase  the  total  resistance  to  sliding.  Such  resistance  to  shear, 
however,  would  act  instead  of,  and  not  in  addition  to,  the  frietional 
resistance  along  A-B,  which,  under  the  assumed  conditions,  is  about 
75  000  lb.  per  Hn.  ft.  of  dam.  The  average  shearing  value  shown  by 
the  tests  reported  in  Table  4  is  15.7  lb;  per  sq.  in.  If,  then,  a 
resistance  to  shear  of  15  lb.  per  sq.  in.,  for  instance,  existed  in  the 


230  RECONSTRUCTION    OF   THE    STONY   RIVER   DAM  [Papers. 

53.5  lin.  ft.  of  clay  along  A-B,  the  total  resistance  along  A-B  (exclu- 
sive of  resistance  to  rupture  on  the  part  of  the  old  cut-oflF  wall)  would 
be  about  115  000  lb.  per  lin.  ft.  of  dam.  Thus  the  total  resistance  to 
sliding  would  be  increased  by  about  40  000  lb.  per  lin.  ft. 

However,  for  the  reasons  stated  previously,  and  because  of  the 
varying  characteristics  of  the  foundation  soil,  resistance  of  the  clayey 
soil  to  shear  was  not  relied  on  to  furnish  resistance  to  sliding. 

Resistance  to  Sliding  at  New  Spillway. — Turning  now  to  the  new 
spillway  section,  as  shown  on  Plate  III,  it  will  be  noted  that,  by  rea- 
son of  the  use  of  the  combined  anchoring  wall  and  cut-off  at  the  heel 
of  the  structure,  the  principal  "plane  of  least  resistance"  (at  the 
elevation  of  the  bottom  of  the  anchoring  wall)  lies  in  relatively  hard 
shale.  Free  from  the  hampering  conditions  imposed  by  a  structure 
already  existing  on  the  site,  it  was  possible  at  this  particular  place  to 
secure  more  readily  and  economically  given  ratios  of  safety  than 
obtain  in  those  portions  of  the  dam  which  were  left  intact  after  the 
failure.  Thus  the  new  spillway  section  has  generally  a  greater  margin 
of  safety. 

I. — Referring  to  the  15-ft.  side  section  centering  on  Buttress  17 
(Plate  II),  the  ratio  of  safety  against  sliding  under  the  "normal 
maximum  load  conditions"  is  3.69.  The  conditions  assumed  in  arriv- 
ing at  this  ratio  were  essentially  like  those  of  Column  (6),  Table  3, 
except  that,  in  accordance  with  Table  1,  the  coefficient  of  frictional 
resistance  was  assumed  to  be  0.5. 

11. — For  the  same  location  in  the  new  spillway,  but  under  the 
"most  severe  conditions  within  the  limits  of  reason,"  the  ratio  of 
safety  against  sliding  is  2.03.  In  this  case  the  assumed  conditions 
were  essentially  like  those  of  Column  (8),  Table  3,  except  that 

(a)  Head-water  was  assumed  at  Elevation  142.25,  with  no  ice 
pressure;  and 

(&)  The  minimum  coefficient  of  frictional  resistance,  in  accord- 
ance with  Table  1,  was  assumed  as  0.40. 

It  is  pertinent  at  this  point  to  note,  by  reference  to  Plate  V,  that 
apparently  no  harm  would  result  from  uplift  pressure  exerted  along 
the  planes  of  contact  between  the  footings  of  the  strengthened  struc- 
ture and  the  foundation  soil.  That  is,  there  would  be  practically  na 
change  in  the  vertical  load  above  the  probable  "plane  of  least  resist- 
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ance",  such  as  A-B.  Likewise,  referring  now  to  Plate  III,  it  would 
appear  that  uplift  pressure  could  exist  in  the  laminatious  of  the 
foundation  shale  rock  immediately  under  the  buttress  footings  (but 
above  the  elevation  of  the  bottom  of  the  anchoring  wall)  without 
affecting  materially  the  stability  of  the  new  spillway  section  as  regards 
sliding.  Such  uplift,  however,  would  have  a  material  effect  on 
stability,   as   regards   overturning. 

Resistance  to  Overturning. 

In  the  case  of  a  hollow  dam  with  a  deck  slope  of  approximately 
45°  from  the  vertical,  it  is  hardly  necessary  to  inquire  deeply  into  the 
question  of  stability  as  regards  overturning.  This  will  be  apparent 
from  the  following  illustrations: 

I.— In  the  case  of  the  typical  section  at  Bay  35,  in  its  original, 
unstrengthened  condition  (see  unshaded  portion  of  Section 
B-B,  Plate  V),  the  ratio  of  safety  against  overturning  under 
the  assumed  "normal  maximum  load"  conditions  of  Column 
(3),  Table  3,  was  3.65. 

II. — For  the  same  section  under  the  "most  severe  conditions 
within  the  limits  of  reason",  as  set  out  in  Column  (5), 
Table  3,  the  corresponding  ratio  of  safety  was  1.14. 

In  deriving  these  ratios,  moments  were  taken  about  the  point,  0, 
at  the  toe  of  the  original  structure,  as  indicated  in  Section  B-B  of 
Plate  V,  and  it  was  assumed  that,  should  the  dam  begin  to  overturn, 
the  original  cut-off  wall  would  fail  at  the  construction  joint  at  the 
top  of  the  wall.  Furthermore,  the  horizontal  thrust  was  considered  to 
be  taken  up  entirely  by  frictional  resistance  along  the  base  of  the  foot- 
ings; that  is,  no  resistance  to  horizontal  thrust  was  attributed  to  the 
body  of  the  cut-off  wall.  In  the  second  of  the  foregoing  sets  of 
assumptions  cognizance  was  taken  of  the  fact  that,  in  severely  cold 
weather,  the  weep-holes  in  the  footings  of  the  original  structure  freeze 
tip  solidly  and  become  ineffective.  Consequently,  uplift  pressure  was 
considered  as  affecting  a  portion,  assumed  to  be  50%,  of  the  total 
area  of  the  base. 

Referring  now  to  the  typical  strengthened  structure  at  Bay  35,  as 
shown  on  Plate  Y: 
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III. — The  ratio  of  safety  against  overturning  under  the  assumed 
"normal  maximum  load"  conditions  of  Column  (7),  Table  3, 
is  4.67. 

IV. — Under  the  "most  severe  conditions  vrithin  the  limits  of  rea- 
son", Column  (9),  Table  3,  the  corresponding  ratio  becomes 
1.68. 

In  developing  the  last  two  ratios  it  was  assumed,  as  before,  that 
in  case  of  actual  overturning,  the  original  cut-off  wall  would  fail  at 
the  construction  joint  at  the  top  of  the  wall.  However,  as  regards  the 
effect  of  frictional  resistance  along  the  base  of  the  main  footings  of 
t^ie  dam,  in  taking  up  horizontal  thrust,  such  resistance  was  assumed 
to  be  equal  to  only  0.2  of  the  total  concrete  and  water  load,  the 
remainder  of  the  horizontal  thrust  causing  a  uniformly  distributed 
load  on  the  anchoring  wall  at  the  heel.  The  anchoring  wall  at  the 
toe  was  assumed  to  carry  no  load.  Such  assumed  distribution  of  the 
resistance  to  the  horizontal  thrust  is  obviously  arbitrary,  but  affords 
the  most  unfavorable  conditions  as  regards  stability  against  overturn- 
ing. The  resultant  of  the  assumed  load  on  the  "heel"  would  neces- 
sarily act  at  half  the  depth  of  the  "heel". 

Needless  to  say,  the  increased  ratios  of  safety  against  overturning 
in  the  case  of  the  strengthened  structure  were  not  sought  after  per  se. 
They   resulted   from   the   provision   made   to    increase   the   margin   of' 

safety  against  sliding. 

Footings. 

Bearing  Value  of  Foundation  Soil. — In  the  case  of  clayey  soil, 
compressive  loading  causes  appreciable  yielding;  hence  the  safe  load- 
ing or  bearing  value  is  measured  by  the  maximum  allowable  yielding. 
As  the  result  of  observations  made  at  the  dam  site,  under  various  con- 
ditions during  the  investigation  period,  and  also  of  various  tests  of 
the  soil  at  the  site,  it  was  concluded  that  the  yielding  due  to  a  com- 
pressive loading  of  about  5  000  lb.  per  sq.  ft.  would  not  exceed  0.1  in. 
provided  the  soil  is  confined  against  "flow". 

It  was  considered  preferable  not  to  exceed  a  maximum  loading  of 
4  000  lb.  per  sq.  ft.,  but  somewhat  greater  loads  were  allowed  for  the 
horizontal  bearing  of  the  anchoring  walls  at  heel  and  toe,  where  the 
soil  is  well  confined,  and  also  for  the  footings  at  the  eastern  portion 
of  the  dam,  where  the  foundation  material  is  of  manifestly  better 
character. 
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The  resialts  of  the  foregoing  tests  of  the  safe  bearing  value  of 
the  soils  at  the  site  are  given  in  Table  5.  The  following  comments 
apply  to  the  table: 

1. — The  variations  among  the  results  are  characteristic  of  the 
foundation  soils  in  question. 

2. — In  view  of  the  fact  that  the  areas  under  load  in  the  several 
tests  were  very  small,  it  is  reasonable  to  assume  that  under 
the  actual  conditions  of  loading  the  foundation  soil  would 
show  less  yielding  for  a  given  load.  Generally  speaking,  the 
more  confined  the  soil  under  compression,  the  less  its  yielding 
under  load,  and  hence  the  higher  its  safe  bearing  value; 
furthermore,  the  greater  the  area  under  compression,  the 
greater  the  proportion  of  the  stressed  soil  which  is  confined 
against  "flow". 

3. — In  general,  the  foundation  soil  of  the  east  bank  at  the  dam 
site  has  a  higher  bearing  value  than  that  of  the  middle  of 
the  valley,  or  of  the  west  bank. 

Loading  of  the  Foundation  Soil. — Calculations  as  to  the  loading 
of  the  foundation  soil  were  based  on  the  assumption  that  where  the 
cut-ofiF,  whether  in  its  original  state  or  underpinned,  is  of  relatively 
great  depth,  and  especially  where  it  extends  down  to  bed-rock,  the 
cut-oif  wall  forms  a  relatively  rigid,  unyielding  support  for  the  dam; 
whereas  the  foundation  soil  down  stream  from  the  cut-off  forms  a 
yielding  support.  For  practical  purposes,  therefore,  it  has  been 
assumed  that,  when  under  load,  the  dam  pivots  about  the  top  of 
the  original  concrete  cut-off  wall,  the  cut-off  and  the  foundation  soil 
down  stream  therefrom  each  carrying  its  due  proportion  of  the  total 
vertical  load.  The  axis  about  which  the  dam  is  assumed  to  pivot  is 
approximately  in  the  plane  of  the  base  of  the  original  footings. 
Following  this  assumption  further,  it  is  evident  that  the  deflection  in 
the  foundation  soil  would  vary  approximately  uniformly  from  zero 
at  about  the  center  of  the  cut-off  wall  to  a  maximum  at  the  down- 
stream edge  of  the  toe  of  the  dam. 

There  is,  of  course,  a  certain  amount  of  flexibility  in  the  concrete 
footings;  that  is,  the  true  deflection  (and  hence  stress)  diagram  of 
the  soil  underlying  the  structure  would  not  be  a  straight  line.  How- 
ever, the  effect  of  such  flexibility  in  the  footings  is  indeterminate, 
•  and  the  straight-line  assumption  was  adopted  in  computations. 
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The  results  stated  below  were  derived  on  the  basis  of  the  further 
assumption  that  the  original,  as  well  as  the  strengthened,  footings 
were  "continuous;"  in  other  words,  that  the  footing  for  each  buttress 
was  15  ft.  wide.  As  a  matter  of  fact,  this  assumption  is  hardly 
warranted,  in  so  far  as  the  original  structure  is  concerned,  as  will 
be  discussed  in  more  detail  later  herein.  Considering  the  loads  to 
be  carried  by  the  buttress  footings  alone,  the  maximum  soil  pressures 
for  the  original  structure  would  be  approximately  double  those  stated. 

Referring  to  the  typical  sections  of  Plate  Y,  the  computed  pres- 
sures on  the  foundation  soil,  in  the  case  of  the  original  structure  at 
Bay  35,  are  as  follows : 

I, — Under  the  "most  severe  conditions  within  the  limits  of 
reason",  as  set  forth  in  Column  (5),  Table  3,  with  the 
exception  that  uplift  pressure  is  considered  to  be  negligible, 
the  maximum  vertical  pressure  on  the  foundation  soil  is 
3  560  lb.  per  sq.  ft. ;  the  corresponding  slant  pressure  is 
6  000  lb.  per  sq.  ft. 

The  foregoing  assumptions,  as  also  those  in  the  three  cases  follow- 
ing, treat  the  horizontal  thrust  as  taken  up  entirely  by  the  frictional 
resistance  of  the  foundation  soil  at  the  base  of  the  footings.  If 
the  uplift  pressure  of  Column  (5),  Table  3,  were  to  be  taken  into 
account,  the  result  would  be  to  diminish  the  previously  stated  maxi- 
mum soil  pressures  somewhat,  but  not  to  a  considerable  extent. 

II. — If,  for  the  sake  of  comparison,  one  similarly  applies  to  Bay 
35  of  the  original  structure  the  more  severe  conditions  which, 
according  to  Column  (9),  Table  3,  are  assumed  to  apply  to 
the  same  section  of  the  strengthened  structure,  the  maximum 
vertical  pressure  on  the  foimdation  soil  becomes  3  930  lb. 
per  sq.  ft.;  and  the  corresponding  slant  pressure  becomes 
6  740  lb.  per  sq.  ft. 

The  maximum  soil  pressures  at  the  maximum  height  sections  of 
the  original  structure  are  approximately  the  same  as  those  indicated 
above  for  the  typical  section. 

Due  largely  to  the  use  of  the  new  toe- wall  (Plate  V),  the  unit 
compressive  loads  on  the  foundation  soil  were  reduced  considerably 
by  the  reconstruction,  despite  the  fact  that  under  the  "most  severe 
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conditions"   the   strengthened   structure    is    considered   to    be   subject 
to  higher  loading  than  the  original  structure.     Thus: 

III. — Under  the  "most  severe  conditions  within  reason",   as   set 

forth  in  Column   (9),   Table  3   (but  disregarding  any  uplift 

pressure),     the    maximum    vertical     soil     pressure     for     the 

strengthened  structure  at  Bay  35  is  3  560  lb.  per  sq.  ft. ;  the 

corresponding  slant  pressure  is  4  795  lb.  per  sq.  ft. 

The  latter  pressure  should  be  compared  with  that  of  6  740  lb.  per 

sq.  ft.  derived  for  the  original  structure  under  the  same  assumptions 

of   loading    (Case   II).     If,    in   Case   III,    uplift   pressure   had   been 

assumed  to  be  present,  the  results  would  not  have  been  altered  ma- 

teriallj'',  because,  in  view  of  the  assumed  pivoting  about  the  cut-off 

wall,   uplift   pressure   under   the   "heel"   would   tend   to    increase   the 

maximum   compressive   load   on   the   foundation   soil,   whereas   uplift 

pressure  under  the  original   footings   down   stream   from   the  cut-off 

would  tend  to   decrease  such   maximum   load.     Had  the  new   "heel" 

been  assumed  to  take  up  a  portion  of  the  horizontal  thrust,  the  result 

would  have  been  to  increase  the  maximum  vertical,  but  to  decrease 

the  maximum  slant,  soil  pressures. 

IV. — Under  the  "normal  maximum  load"  conditions  of  Column 
(7),  Table  3,  the  maximum  vertical  soil  pressure  for  the 
strengthened  structure  at  Bay  35  is  only  3 105  lb.  per  sq. 
ft. ;  and  the  corresponding  slant  pressure  is  only  3  550  lb. 
per  sq.  ft. 

It  is  probable,  therefore,  that,  in  view  of  the  strengthening  of  the 
original  structure,  the  foundation  soil  under  the  higher  portions  of 
the  structure  will  not  be  subjected  to  loads  in  excess  of  4  000  lb. 
per  sq.  ft. 

In  the  design  of  the  footings  of  the  new  spillway  section,  be- 
tween Buttresses  10  and  19,  the  fact  that  the  footings  rest  directly 
on  shale  bed-rock  made  the  problem  comparatively  simple,  and  detailed 
discussion  appears  to  be  unwarranted.  In  that  section  the  maximum 
unit  compressive  load  is  approximately  5  tons  per  sq.  ft.,  whereas,  in 
the  writer's  opinion,  the  foundation  shale  can  take  at  least  20  tons 
per  sq.  ft.  in  cbmpression. 

Strength  of  Footings. — Apparently,  it  was  intended  by  the  de- 
signers of  the  original  structure  that  the  load  should  be  transmitted 
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into  the  foundation  soil  through  the  buttress  footings  only.  Through- 
out the  larger  part  of  the  structure  the  buttress  footings  are  7  ft.  6  in. 
wide.  The  intervening  space,  also  Y  ft.  6  in.  wide,  between  buttress 
lootings,  was  apparently  intended  to  be  simply  floored  over  with  re- 
inforced concrete,  varying  from  8  to  12  in.  in  thickness.  Such 
flooring,  however,  was  connected  rigidly  by  reinforcing  steel  to  the 
buttress  footings,  the  heavier  lower  fiber  reinforcement  being  cut 
at  the  center  of  each  bay.  In  the  study  of  the  strength  of  these 
footings,  in  connection  with  the  safe  bearing  value  of  the  foundation 
soil,  alternatives  submitted  theJmselves,  neither  of  which  afforded 
satisfactory  results. 

In  the  first  place,  if  the  buttress  footings  were  considered  to  carry 
the  entire  vertical  load,  then  manifestly  the  unit  loads  would  be 
twice  as  great  as  those  derived  on  the  assumption  that  the  footings 
are  continuous  across  the  entire  15-ft.  width  of  the  bays.  For  instance, 
referring  again  to  the  typical  sections  of  Plate  V,  such  doubled 
maximum  vertical  soil  pressure  would,  become  approximately  7  120  lb. 
per  sq.  ft.,  and  the  maximum  slant  pressure  would  become  approxi- 
mately 12  000.  lb.  per  sq.  ft.,  at  the  down-stream  edge  of  the  footings 
of  the  original  structure  under  the  "most  severe  conditions  within 
the  limits  of  reason".  In  the  ease  of  the  strengthened  typical  section, 
such  doubled  maximum  vertical  and  slant  soil  pressures  would  become 
approximately  6  090  and  8  190  lb.  per  sq.  ft.,  respectively,  under  the 
"most  severe  conditions".  The  latter  pressures,  however,  unlike  those 
previously  stated,  are  found  at  the  up-stream  edge  of  the  original 
toe;  for  it  is  hardly  conceivable  that  the  new  toe-wall,  which  is  con- 
tinuous for  the  sections  of  maximum  height  between  old  and  new 
spillways,  could  act  otherwise  than  as  a  continuous  footing,  in  so 
far  as  the  transmission  of  vertical  load  into  the  foundation  soil 
is  concerned. 

The  original  footings,  if  assumed  to  extend  only  3  ft.  beyond  each 
buttress,  were  approximately  strong  enough  to  carry  the  doubled  unit 
loads  just  mentioned,  but  the  adopted  safe  bearing  value  of  the  soil, 
viz.,  approximately  5  000  lb.  per  sq.'  ft.,  would  evidently  be  exceeded. 
Hence,  it  was  imperative  that  the  vertical  load  on  the  foundation  soil 
should  be  distributed  over  a  width  of  15  ft.,  and  not  merely  7  ft.  6  in., 
for  each  buttress. 


838  RECONSTRUCTION    OF   THE    STONY   RIVER   DAM  [Papers. 

Turning  then  to  the  second  or  alternative  assumption,  it  is  readily 
seen  that  only  by  the  use  of  continuous  footings  was  it  possible  to  keep 
the  loads  on  the  foundation  soil  within  safe  limits.  As  a  matter  of 
fact,  even  in  the  original  structure,  some  load  must  necessarily  have 
been  carried  by  the  intermediate  flooring,  inasmuch  as  it  was  strictly 
a  part  of  the  adjacent  buttress  footings.  The  main  buttress  footings 
could  not  take  load  (and  hence  deflect,  by  reason  of  compression  of 
the  underlying  soil)  without  transmitting  part  of  such  load  by  shear 
into  the  adjacent  flooring.  It  is  probable,  however,  that  in  the  down- 
stream portions  of  the  original  footings  such  action  caused  stresses' 
considerably  in  excess  of  the  safe  working  stresses  for  concrete  and 
steel. 

Moreover,  in  the  original  portion  of  the  structure,  continuity  of 
footings  was  necessary  in  order  that  the  footings  might  act  in  harmony 
with  the  continuous  horizontal,  or  upper,  member  of  the  new  anchor- 
ing wall  at  the  toe.  The  original  footings,  however,  were  not  strong 
enough  for  this  purpose.  The  weakness  lay,  not  merely  in  the  inter- 
mediate reinforced  concrete  flooring,  but  also  in  the  main  buttress 
footings  themselves  for,  under  these  conditions,  the  length  of  the 
cantilever  (measured  from  the  face  of  the  buttress  toward  the  center 
of  the  bay)  becomes  6  ft.  9  in.,  instead  of  3  ft.,  as  under  the  former 
alternative  assumption.  Thus,  in  the  case  of  the  typical  section 
(Plate  V)  the  allowable  vertical  soil  pressure  on  the  footings,  with 
assumed  working  stresses  of  700  lb.  per  sq.  in.  for  the  concrete  and 
18  000  lb.  per  sq.  in.  for  the  reinforcing  steel,  would  be  only  about 
1  700  lb.  per  sq.  ft. 

The  adopted  method  of  strengthening  the  footings  is  shown  in 
the  typical  sections  of  Plate  V.  It  was  accomplished  by  adding  both 
concrete  and  reinforcing  steel.  The  object  was  to  enable  the  original 
intermediate  flooring  to  act  as  a  part  of  the  main  footings,  which 
would  thereby  become  continuous,  and  also  to  strengthen  the  original 
buttress  footings.  In  view  of  the  relatively  short  clear  span  of  such 
continuous  footings  (about  13  ft.  6  in.),  it  appears  reasonably  certain 
that  in  transmitting  the  load  into  the  foundation  soil  the  footings 
act  in  part  as  inverted  arches.  It  seemed  proper  to  utilize  such  arch 
action  in  the  design,  and  therefore  the  arbitrary,  but  not  unreason- 
able, assumption  was  made  that  one-third  of  the  load  would  be  carried 
by  the  footings  acting  as  arches  and  the  remainder  by  the  footings 
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acting  as  continuous  slabs  or  beams.  Such  continuous  beams  have 
tension  in  the  lower  fibers  at  the  buttresses,  but  have  compression  in 
the  lower  fibers  at  the  centers  of  the  bays. 

Concrete  was  added  on  top  of  the  original  footings  adjoining  the 
bases  of  the  buttresses,  so  as  to  make  more  effective  the  existing  steel 
in  the  bottom  of  the  footings;  whereas,  near  the  middle  of  the  bays, 
the  new  concrete  serves  as  a  matrix  for  the  new  transverse  reinforcing 
steel  (bent  as  shown  in  section  A- A  of  Plate  V).  The  new  concrete 
was  well  tied  and  bound  into  the  old  concrete,  both  by  steel  dowels 
extending  through  the  base  of  each  buttress  and  into  the  original  but- 
tress footings,  and  also  by  the  roughening  of  all  surfaces  of  contact. 
This  roughening  was  done  partly  with  picks,  by  hand,  but  mainly  by 
the  use  of  air-hammers.  After  roughening,  the  surfaces  were  thor- 
oughly cleaned  and  made  wet  before  applying  the  cement  grout  coat- 
ing which  immediately  preceded  the  placing  of  the  new  concrete. 

The  new  footing  concrete,  however,  has  two  other  functions:  First, 
it  serves  to  embed  the  tie-steel  leading  down  stream  from  the  anchor- 
ing wall  at  the  heel,  and  hence  it  was  extended  to  the  rear  of  the  bays, 
even  though  there  the  original  footings  did  not  require  reinforcement. 
Secondly,  it  serves  to  transmit  the  horizontal  thrust  from  the  but- 
tresses and  buttress  footings  into  the  tie-steel. 

The  approximately  triangular  section  of  concrete,  shown  in  Section 
B-B  of  Plate  Y,  at  the  junction  between  deck  and  footings,  has  been 
referred  to  in  connection  with  the  description  of  the  new  anchoring 
wall  at  the  heel,  serving  as  it  does  to  take  up  the  reaction  of  the  upper 
cantilever  member  of  the  "heel".  The  concrete  of  this  triangular 
section  was  usually  poured  in  connection  with  the  new  "heel",  and 
prior  to  the  placing  of  the  new  footing  concrete. 

At  Bays  27  to  33,  inclusive,  extra  depths  of  new  concrete  were 
added  over  the  original  footings.  This  was  done  partly  in  order  to 
add  strength  by  adding  weight  to  these  sections  of  maximum  height. 
The  quantities  of  concrete  involved,  however,  were  so  great  that,  for 
the  sake  of  economy,  it  was  deemed  advisable  to  leave  a  number  of 
large  pockets  in  the  concrete.  These  pockets  were  made  practically 
water-tight,  and  act  as  tanks.  From  the  time  that  these  pockets  were 
first  filled  with  water,  they  have  remained  full.  Thus  the  only  sacrifice 
in  weight  is  that  due  to  the  difference  between  the  specific  gravity  of 
water  and  concrete. 
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Another  reason  for  adding  such  extra  concrete  was  to  raise  the 
top  of  the  strengthened  footings  at  least  5  ft.  above  the  bottom  of  the 
new  outlet  channel  (shown  by  Figs.  16  and  17).  The  outlets  from  the 
sluice-gates  in  Bays  30  and  31  were  covered  with  a  substantial  rein- 
forced concrete  slab  which  completely  separates  the  gate  openings  and 

Top  of  Retaining  Wall      '.       *"  Jj 


Transverse  Section   I)-l> 

Fig.  24. 

outlets  from  the  operating  mechanism.  Consequently,  no  spray  due 
to  the  opening  of  the  gates  can  interfere  with  their  operation,  by  freez- 
ing in  winter,  for  instance.  Moreover,  it  was  thus  possible  to  house 
in  the  operating  mechanism  of  the  gates  entirely  by  carrying  the  slab 
(acting  as  a  roof  over  the  outlets)  forward  to  meet  the  curtain-walU 
as  shown  in  the  longitudinal  section  of  Fig.  24. 
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At  the  east  end  of  the  dam,  beginning  at  Buttress  49,  it  was  con- 
sidered allowable,  as  already  explained,  to  increase  considerably  the 
unit  loads  on  the  foundation  soil.  Hence,  in  that  section,  the  original 
scheme  was  followed  of  utilizing  the  main  buttress  footings  to  carry  the 
entire  vertical  load.  For  this  purpose  the  original  footing  required 
only  minor  strengthening.  Here  the  possible  cracking  of  the  inter- 
mediate flooring  was  considered  to  be  of  minor  consequence;  however, 
the  tie-steel  from  the  new  "heel",  extending  as  it  does  a  comparatively 
short  distance  down  stream  from  the  "heel",  was  well  covered  with 
concrete,  doweled  both  into  the  floor  and  the  buttress  footings. 

Pressure  Grouting  Under  Footings. — The  contact  between  the 
original  footings  and  the  foundation  soil  was  in  some  places  found  to 
be  faulty.  Generally  speaking,  the  original  footings  had  not  been 
carried  into  the  foundation  soil  as  deeply  as  might  have  been  desired, 
in  consequence  of  which  certain  soft  spots  required  compacting. 
Also,  hollow  spaces  were  found  under  the  footings  around  the  4  by 
12-in.  weep-holes  which  had  been  left  at  intervals  in  the  footings  as 
constructed  originally.  Such  voids  were  probably  due  either  to  leak- 
age from  the  reservoir  or  to  flowing  ground-water. 

Moreover,  it  was  discovered  that,  at  least  in  some  bays,  the  founda- 
tion soil  had  been  washed  away  at  the  junction  between  the  footings 
and  the  cut-off  wall.  This  is  shown  clearly  in  Fig.  23  where  the  chalk 
line  on  the  down-stream  face  of  the  original  cut-off  wall  shows  the 
extent  of  the  erosion  which  had  taken  place.  The  photograph  from 
which  Fig.  23  has  been  reproduced  was  taken  in  Bay  19,  but  it  was 
evident,  from  the  conditions  exposed  during  the  wrecking  of  adjacent 
portions  of  the  original  structure,  that  the  void  in  question  had  no 
connection  with  the  break  in  the  dam;  instead,  it  probably  com- 
municated with  a  near-by  weep-hole  through  the  footings.  It  is 
believed,  therefore,  that  this  condition  did  not  arise  at  the  time  of  the 
failure,  but  had  been  brought  about  gradually  by  leakage  through  the 
unbonded  construction  joint  at  the  top  of  the  original  cut-off  wall. 
The  construction  joint  would  naturally  open  somewhat,  due  to  the 
deflection  of  the  foundation  soil  when  loaded. 

These  faulty  conditions,  it  was  concluded,  could  best  be  remedied 
by  pressure  grouting.  For  this  purpose,  a  Ransome-Caniff  grout  mixer, 
of  about  4^  cu.  ft.  capacity,  was  used;  air  under  pressure  was  obtained 
from  a  small  compressing  outfit  and  utilized  at  pressures  varying  from 


242  RECONSTRUCTIOX    OF   THE    STONY   RIVER   DAM  L Papers. 

25  to  100  lb.  per  sq.  in.  at  the  grout  mixer.  The  mixer,  in  turn,  was 
connected  to  pipes  sealed  into  the  weep-holes  with  concrete  or  cement 
grout.  Mixtures  of  cement  and  sand,  in  the  proportions  of  1:1  or 
2  :  1,  were  used  as  far  as  possible,  but,  for  the  greater  part  of  the 
work,  neat  cement  grout  was  found  to  be  more  practical;  the  presence 
of  sand  in  the  grout  was  frequently  the  cause  of  clogging  the  pipe 
connections  and  consequent  delay. 

It  was  necessary  to  plug  temporarily  all  weep-holes  in  the  neigh- 
borhood of  that  to  which  grout  was  being  applied  under  pressure. 
Observations  showed  that  grout  under  pressure  traveled  under  the 
footings  for  a  distance  of  at  least  100  ft.  Inasmuch  as  the  water 
contained  in  the  cement  grout  helped  to  fill  the  voids,  it  was  found 
necessary  to  adopt  the  process  of  forcing  grout  into  the  voids  con- 
necting with  a  given  weep-hole  until  they  refused  to  accept  more, 
and  then  suspending  grouting  for  a  day  or  more.  In  the  mean- 
time the  grout  would  set,  leaving  the  uncombined  water  free  to  be 
blown  from  Txnder  the  footings,  on  subsequent  resumption  of  grouting, 
by  simply  implugging  temporarily  a  few  communicating  weep-holes. 
Such  holes  were  then  re-plugged  and  more  grout  was  forced  into  the 
voids.  This  process  was  continued  for  each  weep-hole  until  finally  it 
was  found  that  the  hole  would  accept  no  more  grout.  After  grouting 
had  been  completed  and  the  grout  had  set,  the  weep-holes  were  again 
opened,  so  as  to  communicate  with  the  underlying  soil,  by  simply 
punching  or  drilling  holes  through  the  grout. 

By  these  means,  it  is  believed,  the  foundation  soil  under  the  original 
footings  was  thoroughly  compacted  so  as  to  warrant  the  assumption 
that  the  footings  are  everywhere  in  contact  with  the  foundation  soil, 
either  directly  or  through  intermediate  grout. 

Leakage  and  Drainage. 

Leahage  Through  Foundation  Soil. — Eeference  has  been  made  to 
the  leakage  which  took  place  through  the  construction  joint  at  the 
top  of  the  original  cut-off  wall,  and  also  to  the  fact  that  this  trouble 
was  remedied  as  an  incidental  result  of  the  construction  of  the  new 
anchoring  wall  at  the  heel.  Further  leakage,  however,  was  discovered 
under  and  through  the  original  cut-off  wall,  especially  where  the  struc- 
ture is  of  maximum  height.  During  the  work  of  investigation,  prior 
to  beginning  actual  reconstruction,  test-pits  were  sunk  up  stream  from, 
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and  adjacent  to,  the  original  cut-off  wall  at  Buttresses  B  and  37  (Plate 
II).  The  pit  at  Buttress  B  was  approximately  45  ft.  deep,  and  by 
means  of  it  the  cut-off  was  investigated  at  its  deepest  section.  In 
neither  of  these  test  pits  was  the  cut-off  wall  found  to  be  porous  or 
the  seal  into  bed-rock  defective. 

Except  for  a  test  pit  sunk  with  great  dijQficulty  through  the  footings 
and  foundation  soil  adjacent  to  the  down-stream  side  of  the  cut-off 
wall  at  Bay  28,  the  investigation  of  the  cut-off  at  the  sections  of  maxi- 
mum height  was  postponed  until  the  actual  work  of  reconstruction 
was  being  carried  on.  The  cut-off  in  this  region,  viz.,  between  But- 
tresses 26  and  32,  was  relatively  shallow,  at  least,  as  compared  with  the 
hydrostatic  head  due  to  the  reservoir;  and  therefore  it  was  the  more 
important  that  this  portion  of  the  cut-off  should  be  impervious.  The 
postponement  of  the  investigation  in  this  region  was  due  only  to  the 
great  expense  of  putting  down  test  pits  so  near  the  river  bed  without 
adequate  coffer-damming. 

In  connection  with  the  excavation  for  the  new  "heel",  therefore,  test 
pits  were  sunk  at  intervals,  and  extending  from  the  elevation 
of  the  bottom  of  the  "'heel"  down  to  the  bottom  of  the  original  cut-off. 
The  findings  in  the  test  pit  sunk  through  the  footings  in  Bay  28  had 
already  indicated,  much  to  the  writer's  surprise,  that  the  cut-off 
in  that  region  was  not  all  that  it  should  be,  and  the  test  pits  a\mk 
from  the  trench  excavation  for  the  "heel"  on  the  up-stream  side  of 
the  cut-off  confirmed  these  findings.  It  was  definitely  established  that 
there  was  easy  communication  for  water  between  the  up-stream  and 
down-stream  sides  of  the  cut-off  wall  at  Bay  28.  Probably  some  of 
the  water  which  flowed  back  and  forth,  depending  on  the  hydrostatic 
pressure  conditions,  passed  through  the  cut-off  wall  itself;  but,  at  this 
point,  undoubtedly  the  greater  part  of  the  communication  was  under- 
neath, through  openings  between  the  cut-off  wall  and  the  bed-rock. 

At  Bay  30,  also,  it  was  evident  that  the  seal  of  the  cut-off  into 
bed-rock  was  imperfect.  In  fact,  at  one  point  a  layer  of  sandy  mud, 
averaging  i  in.  thick,  was  plainly  visible  between  the  concrete  and  the 
shale,  indicating  that,  in  the  original  construction,  the  trench  had  not 
been  properly  cleaned  preparatory  to  the  placing  of  concrete.  Moreover, 
the  cut-off  wall  itself  was  porous  to  the  extent  of  allowing  a  constant 
trickle  of  water  to  pass  through  from  the  down-strearp  side.  That 
there  was  any  such  leakage  at  all  was  the  more  noteworthy  because 
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of  the  fact  that  the  hydrostatic  pressure  on  the  down-stream  side  was 
due  solely  to  the  ground-water  in  the  clayey  foundation  soil — though 
it  should  be  remembered,  of  course,  that  the  foundation  soil  under 
this  maximum  height  portion  of  the  dam  is  of  poorer  quality  than 
that  at  any  other  part  of  the  structure. 

In  yiew  of  the  foregoing  findings,  it  was  determined  to  underpin 
the  original  cut-off  wall  for  approximately  200  ft.,  viz.,  from  about 
Buttress  32  westward  to  the  new  spillway.  A  notch,  about  24  in.  deep 
and  18  in.  wide,  was  cut  into  the  bed-rock,  with  its  center  approximately 
at  the  up-stream  edge  of  the  original  cut-off  wall.  The  notch  was 
carefully  cleaned  and  kept  free  from  water  while  it  was  being  filled 
with  a  rich  concrete  which  was  carried  to  a  height  of  at  least  12  in. 
above  the  bottom  of  the  old  cut-off. 

This  work  proved  to  be  the  most  expensive  part  of  the  entire  recon- 
struction, partly  because  of  the  constant  fight  with  the  water  which 
flowed  into  the  trenches  through  the  pervious  soil  under  the  river-bed, 
and  partly  because  of  the  fact  that  the  character  of  the  soil  required 
practically  continuous  sheeting  and  bracing.  So  difficult,  in  fact, 
was  it  to  carry  on  the  work  and  to  hold  the  up-stream  side  of  the 
excavation  for  the  "heel"  that  at  Bays  30  and  31  it  was  found  advisable 
first  to  pour  the  "heel"  concrete  and  then,  after  that  concrete  had 
set,  to  tvmnel  under  it  in  order  to  investigate  the  efficacy  of  the  cut-off 
seal  into  the  rock.  Such  tunneling  was  done  from  the  adjacent  bays, 
and,  to  insure  solid  work  under  the  "heel"  at  Bays  30  and  31,  grout 
pipes  were  inserted  while  the  concrete  for  the  cut-off  underpinning 
was  being  placed,  the  ends  of  the  pipes  being  exposed  under  these 
portions  of  the  ''heel".  Later,  the  voids  at  the  ends  of  these  pipes 
were  filled  with  grout,  by  using  the  Ransome-Caniff  grout  mixer,  under 
a  pressure  of  about  75  lb.  per  sq.  in. 

At  certain  places,  as  shown  on  Plate  II,  the  cut-off  underpinning 
concrete  was  extended  on  the  up-stream  side  of  the  cut-off  up  to  the 
elevation  of  the  bottom  of  the  "heel".  In  such  cases  a  slip  joint  was 
made  between  the  "heel"  and  the  underpinning  concrete.  This  joint 
consisted  essentially  of  a  longitudinal  groove,  about  12  in.  wide  and 
6  in.  deep,  lined  with  tar-paper.  The  groove  was  centered  on  the 
bottom  of  the  "heel".  When  the  "heel"  concrete  was  poured,  therefore, 
a  tongue  of  concrete,  likewise  12  in.  wide  and  6  in.  deep,  was  formed 
in  the  groove  integral  with  the  "heel"   concrete.     On   all  horizontal 
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surfaces,  and  on  the  up-stream  vertical  face  of  the  groove,  single  sheets 
of  two-ply  tar-paper  were  used  to  separate  the  two  bodies  of  concrete. 
On  the  down-stream  vertical  face  of  the  groove,  however,  three  sheets 
of  two-ply  tar-paper  were  used. 

The  purpose  of  the  slip  joint  is  to  allow  the  "heel"  to  move  down 
stream  a  fraction  of  an  inch  under  the  horizontal  thrust  acting 
against  the  dam  and  hence  transmitted  by  the  tie-steel  into  the  "heel". 
Without  such  "play"  an  unfavorable  loading  might  be  caused  at  the 
lower  end  of  the  long  cantilever  member  of  the  "heel",  because  of 
the  resistance  of  the  relatively  inelastic  underpinning  concrete.  The 
latter,  of  course,  is  practically  immovable  because  of  its  bond  into 
the  bed-rock.  The  utility  of  the  slip  joint  is  probably  to  be  justified 
on  theoretical  rather  than  practical  grounds,  but,  in  view  of  the  small 
expense  involved,  there  seemed  to  be  no  warrant  for  omitting  this 
precaution. 

At  about  the  middle  of  Bay  26  it  was  found  that  there  was  a 
pervious  spot  in  the  bed-rock  strata  just  below  the  practicable  limit 
of  underpinning.  Therefore  a  churn-drill  hole  was  sunk  into  the 
strata  in  question,  and  grout  pipe  connections  were  made,  which,  after 
the  completion  of  the  underpinning  and  the  new  "heel",  were  utilized 
in  an  attempt  to  force  grout  into  the  stratum.  However,  a  pressure 
of  75  lb.  per  sq.  in.  did  not  siiffice  to  force  down  an  appreciable  quantity 
of  grout. 

It  is  not  improbable  that  the  failure  to  force  more  grout  into  this 
stratum  was  due  to  the  fact  that  there  was  no  vent  for  such  rock- 
water  as  might  have  been  displaced  by  grout  had  a  means  of  escape 
for  such  water  been  provided.  It  happened  that,  for  the  grouting  of 
the  underpinning  of  Bays  30  and  31,  as  previously  mentioned,  two 
grout  pipe  connections  had  been  left,  and  thereafter  on  the  work, 
profiting  by  the  experience  at  Bay  26,  at  least  two  grout  pipes  were 
placed  in  each  void  to  be  filled.  Usually,  the  second  pipe  was  con- 
nected to  the  pressure  grouting  apparatus  only  after  the  first  pipe 
refused  to  accept  any  more  grout.  In  such  cases  it  was  commonly 
impossible  to  force  grout  into  the  second  pipe,  and  apparently  the 
main  function  of  that  pipe  was  to  serve  as  a  vent.  In  the  writer's 
opinion,  it  is  not  unlikely  that  some  of  the  reported  failures  of  pres- 
sure grouting  operations  at  other  dam  sites  have  been  due  to  the 
fact  that  no  such  vent  existed,  or  had  been  provided,  for  the  escape 
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of  air  or  ground-water  contained  in  the  voids  sought  to  be  filled  by 
grouting. 

Referring  again  to  the  faults  in  the  original  cut-off  construction, 
which  required  remedying  by  the  means  just  described,  the  reconstruc- 
tion afforded  a  rare  opportunity  for  observing  the  results  of  this 
construction  work,  which  was  probably  done  with  average  care.  These 
observations  show  that  great  care  is  necessary  even  in  foundation 
work,  where  it  is  too  often  assumed  that  any  kind  of  work  will 
suffice. 

Extension  of  Cut-Off — Inasmuch  as  the  insufficient  depth  of 
cut-off  wall  in  the  neighborhood  of  the  break  in  the  dam  was  un- 
doubtedly the  direct  cause  of  the  failure,  it  was  advisable  to  pay 
especially  careful  attention  to  any  further  deficiency  in  depth  of 
cut-off.  At  the  sections  of  maximum  height,  precautions  were  taken 
in  the  way  of  underpinning  the  original  cut-off  wall,  as  discussed 
previously.  Such  underpinning  extended  westward  to  the  new  spill- 
way which  in  turn  covered  completely  the  area  affected  by  the  failure. 
(Plate  IV.)  Here  the  combination  cut-off  and  anchoring  wall  at  the 
heel  extends  into  the  shale  rock  to  an  average  depth  of  about  10  ft., 
in  the  manner  illustrated  on  Plate  III.  The  depth  is  greatest  in 
the  neighborhood  of  Buttresses  14  and  15,  because  there,  as  mentioned 
previously,  the  rock  was  found  to  be  somewhat  shattered. 

In  the  same  region  the  rock  yielded  a  considerable  quantity  of  water, 
especially  after  the  drain  holes  had  been  drilled.  Consequently,  after 
the  combination  cut-off  and  anchoring  wall  had  been  completed,  a 
hole  was  drilled,  with  the  Calyx  machine,  through  a  pipe  which  had 
been  embedded  in  the  center  of  the  wall  at  about  the  middle  of  Bay  13. 
The  hole  penetrated  the  underlying  shale  to  about  Elevation  70.  It 
was  intended  to  grout  this  hole  for  the  purpose  of  cutting  off  any 
communication  which  might  exist  in  this  neighborhood  through  pas- 
sages in  the  rock  under  the  cut-off.  It  was  assumed  that  the  existence 
of  any  such  connection  would  be  shown,  when  pressure  grouting  was 
applied,  through  the  manifestation  of  bubbling  or  other  symptoms  at 
a  drain  hole  extending  to  about  the  same  elevation  and  approximately 
7  ft.  down  stream  in  Bay  13.  However,  a  surprise  was  afforded  in 
that  the  hole  would  accept  no  grout,  and  it  was  apparent  that  the 
rock-water  passages,  which  had  been  tapped  a  short  distance  down 
stream  in  Bay  13,  either  came  from  a  greater  depth,  or  more  probably 
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communicated  to  the  westward — the  slope  of  the  bed-rock  (Plate  II) 
being  upward  and  westward. 

West  of  the  new  spillway,  beginning  at  Buttress  10,  the  depth  of 
the  original  cut-off  was  as  inadequate  as  at  the  point  of  failure.  At 
some  places,  especially  near  steps  in  the  bottom,  the  depth  of  the 
cut-off  was  less  than  5  ft.  below  the  bottom  of  the  footings  (Plate  II). 
It  is  probable  that  everywhere  in  this  region,  except  possibly  at  one 
or  two  of  such  steps,  the  original  cut-off  extended  to  a  depth  of  at 
least  6  ft.  below  the  original  ground  surface.  That  the  wall  was  not 
deep  enough  to  cut  off  a  pervious  stratum  of  dark  color  in  the  over- 
burden will  be  seen  by  referring  to  Fig.  7,  in  the  upper  right  corner 
of  which  the  bottom  of  the  original  cut-off  wall  is  shown  supported 
by  a  prop. 

The  entire  west  end  of  the  dam,  viz.,  between  Buttresses  1  and  10, 
was  provided  with  a  new  "heel",  the  required  depth  of  which  varied 
from  1  to  5  ft.  below  the  bottom  of  the  original  cut-off.  The  new  "heel" 
was  made  not  less  than  2  ft.  6  in.  wide  at  the  bottom,  this  being  a 
width  convenient  for  trench  excavation.  A  cut-off  wall  of  this  mini- 
mum, width  was  then  extended  downward  from  the  bottom  of  the 
"heel''  to  seal  into  the  bed-rock.  In  this  region  the  bed-rock  consists 
of  shale  of  a  very  good  quality;  in  fact,  in  some  places  the  rock  is  so 
hard  that  a  notch  only  6  in.  deep  was  considered  to  afford  a  siifficiently 
good  seal.  At  other  places,  however,  the  notching  was  carried  to 
a  depth  of  more  than  3  ft.  on  account  of  penetrating  a  stratum  of 
soft  shale  which  in  part  overlies  the  very  hard  stratum. 

At  the  bottom  of  the  required  depth  of  "heel"  a  standard  slip 
joint  was  provided,  in  the  manner  previously  described;  and  just  under 
the  old  cut-off  (but  above  the  slip  joint)  a  shoulder  of  concrete,  with 
a  minimum  width  of  12  in.,  was  formed.  The  purpose  of  such  a 
shoulder  of  concrete  was  to  make  certain  that  any  vertical  load  trans- 
mitted into  the  old  cut-off  wall  would  in  turn  be  taken  up  by  the  new 
"heel"  and  cut-off,  thus  guarding  against  any  possible  separation  of 
the  old  concrete  from  the  new  and  against  the  placing  of  any  excessive 
shearing  stress  on  the  tie-steel  connecting  the  new  anchoring  wall  to 
the  original  structure. 

As  will  be  seen  from  Plate  II,  a  core-wall  had  been  provided  in 
the  original  construction  extending  30  ft.  west  of  Buttress  1.  As 
a  part  of  the  reconstruction,  this  core-wall  was  extended  upward  to 
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the  elevation  of  the  new  parapet  (Elevation  142.5)  and  downward 
to  seal  into  the  shale.  Also,  because  of  the  increase  in  assumed  high 
water  elevation,  it  was  extended  about  15  ft.  farther  westward.  The 
precautions  taken  in  providing  a  cut-off  against  percolation  at  the  west 
end  of  the  dam  were  of  a  more  conservative  nature  for  the  reason 
that  it  was  near  this  end  of  the  dam  that  the  failure  had  occurred. 

Between  Buttresses  32  and  46  the  depth  of  the  original  cut-off, 
with  a  maximum  of  45  ft.,  was  concluded  to  be  sufficient  in  proportion 
•  to  the  maximum  hydrostatic  pressure.  This  conclusion  was  based  on 
the  fairly  well  substantiated  assumption  that  in  this  region  the  original 
cut-off  is  impervious  throughout  its  entire  depth,  but  it  did  not  depend 
on  the  character  of  the  seal  of  the  cut-off  into  the  bed-rock.  As  a 
matter  of  fact,  however,  a  personal  inspection  of  the  bond  between 
concrete  and  rock  as  exposed  by  the  test  pits  at  Buttresses  B 
and  37  convinced  the  writer  that  the  seal  is  as  effective  as  could  be 
desired.  East  of  Buttress  46,  on  the  other  hand,  certain  difficulties  were 
encountered. 

It  had  been  assumed  by  the  builders  of  the  original  structure  that 
the  cut-off  extended  to  bed-rock  at  least  as  far  east  as  the  approxi- 
mately vertical  step  in  the  cut-off  at  the  middle  of  Bay  54  (Plate  II). 
In  fact,  all  records  of  the  original  work  show  the  cut-off  as  being  in 
contact  with  bed-rock.  It  is  not  surprising,  therefore,  that  the  results 
of  core-drill  holes  Nos.  3  and  8,  sunk  during  the  investigation  prior 
to  reconstruction,  were  discredited  when  they  indicated  that  bed-rock 
was  reached  only  at  a  considerable  distance  below  the  bottom  of  the 
original  cut-off.  Nevertheless,  some  mental  reservations  were  made, 
and  subsequently  a  test  pit  was  sunk  at  the  middle  of  Bay  48.  The 
findings  were  by  no  means  comforting,  for,  after  penetrating  flat-top 
boulders,  the  upper  surfaces  of  which  offered  some  reason  for  their 
previously  erroneous  identification  as  bed-rock,  the  pit  extended  through 
clay  deposits  into  strata  of  disintegrated  coal.  Rock  was  not  reached 
until  at  about  Elevation  92.     It  is  a  shale,  and  quite  satisfactory. 

In  view  of  the  discovery  of  the  disintegrated  coal,  which  was 
decidedly  pervious,  the  existing  cut-off  was  manifestly  inadequate.  This 
was  especially  true  of  the  portion  east  of  the  middle  of  Bay  48.  It  was 
concluded,  therefore,  to  underpin  the  original  cut-off  down  to  a  line 
sloping  with  approximate  uniformity  from  Elevation  92  at  Buttress  46 
to  Elevation  108  at  Buttress  53,  and  meeting  the  bottom  of  the  original 
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cut-off  at  the  latter  point.  The  proviso  was  made,  however,  that  the 
disintegrated  coal  should  be  cut-off  wherever  its  top  came  within 
1  ft.  below  the  bottom  of  such  sloping  line.  The  probable  genesis  of 
the  disintegrated  coal  and  the  measures  taken  to  cut  it  off  are  shown 
on  Plate  II.  Drill  holes  Nos.  9  and  10  were  sunk  after  the  discovery 
of  the  disturbing  conditions  just  described. 

It  was  also  concluded  to  underpin  the  original  cut-off  east  of  the 
middle  of  Bay  54,  as  well  as  the  core-wall  which  originally  extended 
50  ft.  east  of  Buttress  56.  Excavation  for  the  underpinning  in  these 
two  localities  proved  to  be  very  difficult  because  of  the  existence  of 
a  sandstone  talus  in  the  form  of  huge  boulders.  The  most  economical 
method  was  found  to  be  the  sinking  of  shafts  from  the  surface  of 
the  ground  and  the  construction  of  tunnel  drifts  leading  from  such 
shafts  under  the  original  cut-off.  Some  of  the  crevices  discovered 
between  the  boulders  were  found  to  be  filled  with  clay,  and  others 
were  open.  In  one  instance  a  crevice  at  least  2  in.  wide  was  traced 
for  6  ft.,  and  it  extended  even  beyond  that  distance.  The  shattered 
rock  was  very  difficult  to  excavate  and  required  frequent  blasting. 

Before  the  excavation  was  filled  with  concrete,  grout  holes  were 
churn-drilled  into  the  rock,  and  grout  pipes  were  placed  in  crevices 
so  that  later,  when  these  were  pressure-grouted,  it  is  probable  that 
an  impervious  rock,  concrete  and  grout  curtain  was  formed,  extending 
between  Buttresses  54  and  56  down  to  at  least  Elevation  110.  Simi- 
larly, grout  pipes  were  left  in  the  higher  portions  of  the  tunnel  drifts 
so  as  to  insure,  later,  the  filling,  by  pressure  grouting,  of  any  air 
pockets  left  in  the  higher  sections.  The  same  grout  pipes  served  to 
allow  the  escape  of  confined  air  while  the  main  concrete  was  being 
placed.  The  concrete  was  carried  to  a  considerable  height  in  the  shafts 
previously  mentioned  and,  because  of  its  slushy  consistency,  undoubt- 
edly created  considerable  pressure  throughout  the  drifts.  Pressure- 
grouting  was  not  applied  until  the  concrete  had  set  for  a  day.  The 
east  core-wall  was  extended  approximately  24  ft.  farther  east.  Both 
the  old  and  new  portions  of  the  core-wall  were  built  up  to  Elevation 
142.5,  to  correspond  with  the  top  of  the  new  parapet. 

Drainage. — In  the  original  structure  the  intermediate  flooring  of 
each  bay  had  4  by  12-in.  weep-holes.  A  number  of  these  holes  existed 
at  each  edge  of  the  main  buttress  footings,  the  shorter  dimension  of 
the   holes   being   parallel   to    the   footings.      The   weep-holes    were    in 


250  EECONSTRUCTION   OF  THE   STONY  RIVER  DAM  [Papers. 

pairs,  one  hole  at  each  edge  of  the  intermediate  flooring;  the  pairs 
were  about  8  ft.  from  center  to  center,  though  the  spacing  was  closer 
at  the  up-stream  ends  of  the  bays.  As  a  matter  of  fact,  a  considerable 
number  of  these  weep-holes  were  found  to  be  clogged  with  concrete 
which  had  evidently  flowed  under  the  weep-hole  forms  at  the  time 
the  original  footing  or  flooring  concrete  was  being  placed.  Apparently, 
it  had  not  been  thought  necessary  to  provide  deeper  drainage  for  the 
foundation  soil. 

In  planning  the  reconstruction  of  the  dam,  however,  it  was  con- 
cluded to  provide  more  positive  means  of  drainage.  The  system 
adopted  for  that  portion  of  the  original  structure  which  remained 
intact  differed  from  that  adopted  for  the  new  spillway  section: 

1. — Drainage  of  Foundation  Soil. — In  the  preliminary  plans  for 
reconstruction,  the  writer  proceeded  on  the  theory  that  the  more  drains 
the  better,  and  especially  the  more  positive,  the  relief  of  uplift  pressure. 
Consequently,  it  was  proposed  in  general  to  extend  three  drains  per 
bay  into  the  foundation  soil.  These  drains  were  to  consist  of  per- 
forated pipes  such  as  used  in  the  finally  adopted  system  of  drainage. 
The  up-stream  drains  were  to  be  inclined,  and  thus  were  to  extend  to 
within  about  5  ft.  of  the  down-stream  face  of  the  cut-off  wall  and 
to  a  depth  of  about  5  ft.  below  the  bottom  of  the  new  "heel".  The 
middle  and  down-stream  drains  of  each  bay  were  to  be  vertical,  at 
distances  of  about  20  and  30  ft.,  respectively,  from  the  cut-off  wall. 
At  the  seven  bays  of  maximum  height  it  was  proposed  to  place  the 
up-stream  drains  7i  ft.  from  center  to  center  transversely,  thus  pro- 
viding two  up-stream  drains  per  bay.  It  was  also  proposed  to  keep 
all  the  original  weep-holes  open  through  the  original  concrete  and  the 
concrete  of  the  footing  strengthening. 

On  the  other  hand,  the  finally  adopted  system  of  drainage,  though 
utilizing  the  same  methods  as  proposed  in  the  preliminary  plans, 
differed  as  to  the  number  and  location  of  drains.  It  was  based  on 
two  main  considerations,  namely: 

(a)   The  necessity  of  relieving  serious  uplift  pressure;  but,  also, 
(h)  The    inadvisability    of    facilitating    percolation    through    the 
foundation  soil. 

It  was  concluded  that  deep  drains  might  be  harmful  in  earth 
foundations  under   circumstances  where  they  would  not  be  harmful 
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in  rock  foundations,  because,  in  the  former,  they  might  actually 
facilitate  the  flow  of  water  by  providing  artificial  channels  where  pre- 
viously there  was  no  channel  at  all.  Especially  might  such  results 
follow  if  the  deep  drains  were  to  extend  close  to  the  bottom  of  the 
cut-off  wall. 

A  consideration  of  secondary  importance  was  the  effect  of  the  low 
values  of  the  coefficient  of  frictional  resistance  assumed  in  the  recon- 
struction design.  Manifestly,  a  given  uplift  pressure  reduces  the 
margin  of  safety  against  sliding  by  a  less  amount  where  there  is  a 
low  coefficient  of  frictional  resistance  than  it  does  where  the  coefficient 
is  relatively  high.  It  was  believed  to  be  preferable,  therefore,  to  take 
such  risk  as  might  result  from  the  existence  of  pockets,  as  it  were,  of 
unrelieved  uplift  pressure  near  the  down-stream  side  of  the  cut-off 
wall  rather  than  to  invite  further  leakage  by  tapping  such  relatively 
harmless,  deep-lying  pockets  of  water  under  pressure. 

In  consequence  of  these  considerations,  a  system  of  drainage  was 
adopted  which  involved  but  a  single  deep  drain  per  bay  for  the  higher 
sections  of  the  intact  portions  of  the  original  structure,  resting  as  they 
do  on  clayey  foundation  soil.  The  positions  of  the  drains  are  indicated 
in  the  typical  sections  of  Plates  II  and  V.  From  the  former  it  is  seen 
that  the  deep  drains  for  the  foundation  soil  extend  from  Bays  20  to 
47,  inclusive.  The  drains  consist  of  3-in.  wrought-iron  pipes,  perfor- 
ated with  four  |-in.  holes  per  linear  foot,  one  hole  in  each  quadrant. 
Pipe  drains,  rather  than  unlined  holes,  were  adopted  for  the  foundation 
soil,  in  order  to  make  the  drains  relatively  permanent,  and  also  because 
unlined  openings  would  not  resist  erosion  of  the  foundation  soil  by 
leakage  water. 

The  deep  drains  are  about  20  ft.  down  stream  from  the  cut-off  wall, 
except  at  the  bays  of  lesser  height,  where  they  are  at  a  minimuni 
distance  of  12  ft.  from  it.  The  drains  ordinarily  extend  to  a 
depth  of  5  ft.  below  the  bottom  of  the  new  "heel",  though  they  were 
limited  to  a  depth  equalling  two-thirds  of  that  of  the  cut-off, 
measured  from  the  bottom  of  the  original  footing  to  the  bottom  of 
the  underpinning,  if  any,  of  the  original  cut-off.  They  were  sunk 
in  lengths  of  12  ft.  or  less.  Flush-joint  piping  was  used,  so  as  to  avoid 
couplings  or  other  projections;  the  latter  might  leave  an  annular  space 
around  the  drains  to  serve  as  an  outside  channel  for  flowing  water 
without  the  protection  of  a  metal  lining. 
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Great  difficulty  was  experienced  in  sinking  the  drain  pipes,  primarily 
because  of  the  boulders  encountered  in  the  foundation  soil.  Various 
methods  were  tried,  among  them  the  process  of  jetting,  that  is,  of 
sinking  a  drain  pipe,  open  at  the  lower  end,  by  using  a  jet  of  water 
under  pressure  playing  on  the  soil  inside  the  pipe  near  its  lower  end, 
so  as  to  allow  the  pipe  to  be  forced  down  by  hammer  blows  at  the  top. 

The  most  satisfactory  method,  however,  and  that  generally  adopted, 
involved  the  use  of  a  pile-hammer.  For  this  purpose  a  McKiernan- 
Terry,  No.  2,  pile-hammer  was  placed  on  the  job  and  operated  either 
by  air  or  by  steam  at  a  pressure  of  about  80  lb.  per  sq.  in.  In  order  to 
facilitate  driving,  the  blacksmith  on  the  work  fitted  the  drain  pipes  with 
solid  points  made  from  pieces  of  old  steel  shafting,  approximately  3  in. 
in  diameter.  The  points  were  welded  inside  the  ends  of  the  pipes,  with 
results  as  shown  in  Fig.  19.  This  figure  shows  also  the  perforations 
in  the  pipes.  It  is  to  be  admitted  that  the  perforations  were  probably 
clogged  with  clay  to  a  certain  extent  as  the  pipes  were  sunk.  On  the 
other  hand,  any  considerable  hydrostatic  pressure  near  the  drain  pipes 
would  soon  open  the  perforations. 

A  simple  wooden  cap  prevented  injury  to  the  pipe,  and  the  flush- 
joint  pipe  did  not  prove  so  weak  at  the  joints  as  to  buckle  or  otherwise 
cause  trouble.  In  a  number  of  instances,  however,  boulders  proved 
to  be  impassable  obstacles,  and  in  such  cases  pipes  were  -driven  at 
near-by  locations.  In  each  instance  the  drain  pipes  were  sunk  through 
the  weep-holes  of  the  original  structure.  The  process  was  necessarily 
slow.  Sometimes  it  required  12  hours,  and  even  24  hours,  to  drive  a 
pipe  to  a  depth  of  20  ft. 

In  general,  the  deep  drain  pipes  were  encased  in  grout  or  concrete 
through  the  footings  and  for  a  depth  of  about  18  in.  below  the  footings, 
with  the  object  of  keeping  the  water  percolating  through  the  deeper 
foundation  soil  separate  from  leakage  water  manifesting  itself  imme- 
diately under  the  footings,  and  finding  its  origin  perhaps  through  the 
cut-off  wall.  Thus  the  deep  drains  are  enabled  the  better  to  perform 
their  function  as  detectives,  so  to  speak.  The  upper  ends  of  the  drain 
pipes  were  threaded  and  left  exposed  for  at  least  3  in.,  so  as  to  allow 
the  pipes  to  be  capped  or  to  be  connected  to  pressure  gauges.  The 
pipes,  of  course,  were  thoroughly  cleaned  out  after  they  were  driven. 
Very  few  of  the  deep  drains  showed  leakage  after  the  work  of  recon- 
struction was  completed,  and  none  showed  any  considerable  leakage. 
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Further,  under  the  adopted  system  of  drainage,  the  two  up-stream 
pairs  of  weep-holes  in  each  bay  were  plugged  with  concrete  in  con- 
nection with  the  pouring  of  the  triangular  section  of  concrete  at  the 
junction  between  deck  and  footings.  About  one-half  of  the  remaining 
weep-holes — distributed  as  uniformly  as  practicable — were  left  open. 

As  the  reservoir  refilled  during  the  latter  part  of  the  work  of  recon- 
struction, leakage  appeared  at  weep-holes  in  Bays  51  and  36.  At  first 
it  was  thought  that  possibly  the  leakage  at  Bay  51  was  caused  by 
ground-water,  perhaps  from  the  water  being  fed  into  drill  hole  10 
(Plate  II)  which  was  being  sunk  at  the  time.  However,  by  coloring 
the  reservoir  water  immediately  up  stream  from  Bay  51  with  potassium 
permanganate,  it  was  finally  proved  that  the  leakage  came  through 
the  cut-off.  Probably  it  was  due  to  inadequate  bond  along  a  horizontal 
construction  joint  in  the  new  "heel",  within  a  foot  or  two  in  elevation 
of  the  old  construction  joint  at  the  top  of  the  cut-off  wall.  The  leakage 
was  practically  stopped  by  the  simple  expedient  of  dumping  clay  into 
the  reservoir  over  the  new  "heel"  from  a  float  extending  out  from 
the  east  shore. 

It  is  probable  that  in  time  the  leak  at  Bay  51  would  have  sealed 
itself,  as  has  since  become  true  of  the  leak  at  Bay  3G.  In  the  latter 
instance  the  same  remedy  was  applied  as  at  Bay  51,  and  fine  cinders, 
as  well  as  clay,  were  dumped  from  boats  into  the  reservoir  water  over 
the  "heel".  The  cure,  however,  was  not  effected  in  this  manner;  but 
it  was  noted  that  the  leakage  was  gradually  decreasing,  even  though 
the  water  level  of  the  reservoir  grew  higher,  until  by  November  1st, 
1915,  there  was  hardly  any  leakage  at  this  point. 

If  the  leakage  at  these  two  points  was  due  to  carelessly  treated 
construction  joints  in  the  new  "heel",  the  stopping  of  the  leakage 
may  in  turn  have  been  due — in  part,  at  least — to  the  taking  of  some 
of  the  horizontal  thrust  by  the  new  "heeV,  with  consequent  tightening 
of  the  construction  joint  by  reason  of  the  compression  caused  in  the 
up-stream  portion  of  the  "heel". 

Other  leaks,  of  a  minor  nature,  which  appeared  in  the  original 
portions  of  the  structure  have  stopped  or  are  stopping  themselves  in 
the  same  manner.  Thus  on  May  25th,  1915,  there  were  eighteen 
leaks  or  traces  of  leakage  from  weep-holes  or  drain  pipes  in  the 
foundation  soil,  whereas,  by  November  1st,  1915,  there  were  only 
three,   and  these  the   attendant   designated   as   "traces".      In   no   case 
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has  a  pressure  test  indicated  a  head  of  more  than  2  ft.  above  the  tops 
of  the  weep-holes  or  drain  pipes. 

At  times  certain  of  the  drainage  openings  yielded  muddy  water, 
instead  of  the  normally  clear  water.  In  the  opinion  of  the  writer, 
these  phenomena,  usually  temporary,  were  due  to  adjustments  in  the 
foundation  soil  caused  by  increases  in  loading  as  the  reservoir  refilled. 
In  a  few  instances  such  openings  were  grouted  shut,  rather  than  take 
any  chances  of  harmful  erosion  under  the  footings. 

It  may  not  be  amiss  to  refer  here  to  another  phenomenon,  namely, 
that  in  a  number  of  pipes  which  are  sealed  into  weep-holes  and  com- 
municate through  the  footings  into  the  foundation  soil,  the  water 
level  remains  practically  at  the  top  of  the  pipes,  which  are  about  2  in. 
in  diameter  and  extend  about  6  in.  above  the  top  of  the  concrete 
footings.  These  pipes  do  not  actually  weep,  except  in  the  sense  that 
when  water  is  dipped  out  of  the  pipes,  they  refill  in  a  day  or  two,  but 
again  do  not  overflow.  The  possibility  is  indicated  that  capillary 
tension  over  the  surface  of  the  ground-water  rising  in  the  pipes  is 
sufficient  to  prevent  overflow,  but  the  writer  has  been  unable  to  advance 
any  explanation  which  is  satisfactory  to  himself. 

2. — Drainage  of  Bock  Foundation  at  New  Spillway. — In  the  case 
of  the  shale  forming  the  foundation  for  the  buttress  footings  of  the 
new  spillway,  there  is,  of  course,  no  danger  that  deep  drains  will 
facilitate  erosion  of  the  foundation.  This  is  especially  true  because 
of  the  fact  that  the  shale  contains  practically  no  lime  which  might  be 
taken  out  in  chemical  solution.  Moreover,  as  described  in  detail 
mider  the  heading  "Geological  and  Foundation  Conditions",  the  rock 
contains  water-bearing  seams,  and  it  was  possible  that  ground-water 
communication  might  exist  between  the  reservoir  and  certain  springs 
which  appeared  in  the  area  excavated  for  the  new  spillway  footings. 
Hence  it  was  concluded  to  provide  more  drains  at  the  new  spillway 
than  in  the  foundation  soil  under  the  intact  portions  of  the  original 
structure. 

The  system  of  drainage  provided  at  the  new  spillway  consists  in 
general  of  three  deep  drains  per  bay,  placed  as  shown  in  the  typical 
sections  of  Plate  III.  The  drains  were  sunk  with  the  Calyx,  shot- 
drilling  apparatus.  In  the  bed-rock  they  remain  unlined.  Above  the 
shale,  however,  4-in.  pipes  were  sealed  as  well  as  possible  into  the 
rock  and  carried  up  at.  least  to  Elevation  96,  in  order  that  leakage 
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might  be  detected  above  the  level  of  the  water  which  ordinarily  stands 
in  the  new  spillway  bays  as  high  as  the  elevation  of  the  horizontal 
drain  through  the  foot  of  the  spillway  apron  (Plate  III).  It  was 
practically  impossible  to  prevent  the  continuously  flooded  condition 
of  the  space'between  the  new  spillway  footings;  at  the  same  time,  this 
condition  has  the  merit  of  preventing  disintegration  of  any  shale  by 
exposure  to  the  atmosphere. 

The  up-stream  drain  of  each  trio  extends  down  to  Elevation  70, 
well  below  the  bottom  of  the  combination  cut-off  and  anchoring  wall. 
The  middle  and  down-stream  drains  extend  down  only  to  Elevation  75, 
which  elevation  also  is  below  that  of  the  bottom  of  the  cut-off.  The 
number  of  drains  was  increased  at  Bays  11  and  12,  being  the  two  most 
westwardly  bays  of  the  new  spillway ;  and,  inasmuch  as  the  strata  slop© 
upward  toward  the  west  bank,  it  is  probable  that  the  rock-water,  fol- 
lowing the  dip  of  the  strata,  will  be  intercepted  at  these  bays. 

Ever  since  the  deep  drains  of  the  new  spillway  were  sunk  there 
has  been  a  flow  of  rock-water  in  Bays  12,  13,  16,  and  19.  However, 
both  the  quality  of  the  water  and  its  relatively  constant  yield  prove 
that  there  is  little,  if  any,  direct  communication  between  such  rock- 
water  and  the  reservoir.  The  reservoir  pressure  doubtless  has  some 
influence  on  the  rock-water  in  question,  for  there  was  a  minor  increase 
in  the  yield  as  the  reservoir  gradually  refilled.  Yet  it  is  also  true  that 
during  "dry"  periods  the  rock-water  yield  has  decreased  somewhat,  even 
though  during  the  same  periods  there  was  but  little  fluctuation  in 
reservoir  level.  The  maximum  rock-water  pressure,  measured  at  the 
tops  of  the  new  spillway  drains,  was  equivalent  to  a  head  of  about 
2  ft.  The  drains  overflow  freely  into  the  surrounding  pools  of  water. 
In  view  of  the  drainage  system  provided  throughout  the  higher 
portions  of  the  structure,  it  appears  reasonable  to  assume  that,  if  the 
drains  are  not  frozen  shut  at  times  when  uplift  pressure  may  be 
accumulating  under  the  footings,  no  serious  uplift  pressure  is  to  be 
feared.  The  assumptions  of  uplift  pressure  under  the  "most  severe 
conditions  within  the  limits  of  reason",  as  set  forth  in  Table  3,  are 
based  on  the  drainage  provision  above  described. 

Curtain-Wall  and  Roof. — It  was  primarily  to  prevent  any  consider- 
able freezing  at  the  top  of  the  weep-holes  and  deep  drains  throughout 
the  higher  bulkhead  sections  of  the  dam  that  a  curtain-wall  and  roof 
were  constructed,  as  illustrated  in  the  typical  section  B-B  of  Plate  Y. 
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Manifestly,  an  ice  plug,  say,  6  in.  deep,  at  the  top  of  a  weep-hole  or 
drain  pipe,  would  for  practical  purposes  serve  to  confine  water  under 
tlie  footings  as  effectively  as  though  the  openings  had  been  filled 
with  concrete  and  made  a  part  of  the  footings. 

It  is  believed  that,  as  the  result  of  housing  in  all "  bays  having 
deep  drains,  namely.  Bays  11  to  47,  inclusive  (Figs.  16  and  17),  the 
temperature  of  the  corresponding  footings  will  be  prevented  from 
falling  to  more  than  a  few  degrees  below  the  freezing  point.  During 
cold  weather  the  radiation  of  heat  outward  through  the  curtain-wall 
and  roof  will  be  largely  counterbalanced  by  the  radiation  upward  of 
heat  from  the  imfrozen  foundation  soil  and  by  the  further  radiation 
of  heat  from  the  reservoir  water  through  the  deck  of  the  dam  into 
the  enclosed  space.  Water  is  at  its  greatest  density  at  about  39°  Fahr., 
with  the  density  gradually  decreasing  as  the  temperature  decreases 
to  the  freezing  point.  Consequently,  water  in  the  reservoir  under  an 
ice  covering  is  at  least  several  degrees  above  freezing  temperature; 
the  difference  may  be  as  great  as  7  degrees.  The  assumption  made  as 
to  the  effect  of  the  curtain-wall  and  roof  is  supported  by  observations 
said  to  have  been  made  at  various  hollow  dams  which  are  provided 
with  both  deck  and  apron,  thus  being  entirely  enclosed.  It  is  reported 
that  at  some  such  structures  freezing  does  not  occur  in  the  enclosed 
portions. 

As  soon  as  practicable  in  the  late  winter  of  1914  the  writer  had 
maximum  and  minimum  thermometers  placed  in  the  old  spillway 
section  of  the  Stony  Eiver  Dam,  and  had  the  larger  openings  into 
that  section  closed  so  as  to  allow  a  series  of  records  to  be  made, 
covering  exterior  and  interior  temperatures.  Conditions  were  not 
appropriate  for  conclusive  results,  because  the  reservoir,  of  course, 
had  been  emptied  at  the  time  of  failure,  thus  exposing  both  apron  and 
deck  to  the  cold,  with  the  result  that  the  only  source  of  heat  was  the 
foundation  soil  under  the  old  spillway.  Nevertheless,  even  these  obser- 
vations showed  clearly  that  variations  of  temperature  inside  the  enclosed 
spillway  section  were  far  less  than  the  corresponding  variations  in 
outside  temperature;  also,  that  periods  of  relatively  higher  and  lower 
temperature  inside  the  structure  lagged  considerably  behind  the  corre- 
sponding periods  of  relatively  higher  and  lower  temperature  outside. 

During  the  winter  of  1914-15  the  lowest  temperature  within  the 
enclosed  portions  of  the  dam  was  +  26"  Fahr.,  and  the  lowest  exterior 
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temperature  was  —  12°  Fahr.  Under  these  conditions  ice  formation 
has  taken  place,  but  not  of  a  serious  nature.  At  the  very  least,  the 
enclosing  of  the  bays  enables  the  attendant  to  inspect  carefully  the 
drainage  system,  regardless  of  weather  conditions,  and  also  protects  the 
operating  mechanism  of  the  outlet  gates.  When  ice  forms  within  the 
enclosed  portions,  the  attendant  can  readily  keep  it  broken  or  cut 
away  so  as  to  prevent  any  harmful  results. 

A  portion  of  the  curtain  was  constructed  in  the  form  of  a  roof, 
instead  of  continuing  the  wall  vertically  to  intersect  the  deck,  in 
order  to  avoid  enclosing  what  would  have  been  a  triangular  section 
at  the  top,  exposed  to  cold  air  on  the  down-stream  side  and  frequently 
to  the  ice  covering  of  the  reservoir  on  the  up-stream  side.  For  the 
bulkhead  section  between  the  old  and  new  spillways,  the  curtain-wall 
was  made  12  in.  and  the  roof  7  in.  thick,  and,  for  the  eleven  bays 
immediately  east  of  the  old  spillway,  the  thickness  of  the  curtain-wall 
was  reduced  to  6  in.,  the  roof  remaining  7  in.  in  thickness.  At  the  base 
of  each  curtain-wall  there  is  an  opening,  about  12  by  18  in.,  fitted 
with  a  wooden  flap  door,  as  shown  on  Plate  V,  so  as  to  allow  the 
outward  flow  of  any  leakage  water,  but  at  the  same  time  to  keep  air 
currents  and  snow  out  of  the  enclosed  space.  Wooden  ladders  bolted 
to  the  buttresses  are  provided  between  the  walkway  and  the  floor  at 
each  enclosed  bay. 

In  addition  to  this  primary  purpose,  the  curtain-wall  and  roof 
furnish  effective  lateral  stiffening  for  the  buttresses.  The  writer  does 
not  suggest  that  the  bracing  of  the  buttresses  in  the  original  structure 
was  insufficient,  yet  he  confesses  that  he  feels  better  satisfied  with 
the  buttresses  braced  by  the  curtain-wall,  especially  as  regards  the 
lower  portions  of  those  of  maximum  height,  where  originally  an  addi- 
tional lower  set  of  horizontal  brace-beams  might  have  been  desirable. 

Furthermore,  the  curtain-wall  tends  to  equalize  deflection  in  the 
foundation  soil  vmder  the  footings,  and,  consequently,  to  shift  the 
load  from  weaker  to  firmer  soil.  Finally,  the  curtain-wall  was  utilized 
in  a  minor  way  in  the  design  of  the  strengthening  of  the  intermediate 
flooring,  allowing,  as  it  did,  the  omission  of  transverse  reinforcement 
for  a  reasonable  distance  on  each  side  of  it. 

Excepting  for  these  secondary  functions  of  the  curtain,  it  would 
have  been  well  to  make  the  wall  and  roof  hollow,  for  instance,  by  the 
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\ase  of  cement  plaster  on  metal  lath.  A  hollow  construction  could  have 
been  obtained  with  concrete,  of  course,  but  at  a  sacrifice  of  economy. 
Hollow  construction  would  have  better  conserved  the  heat  available 
for  warming  the  enclosed  portions  of  the  bays.  Relative  to  this  it 
is  interesting  to  note  that  more  freezing  has  taken  place  in  the  eleven 
bays  immediately  east  of  the  old  spillway,  where  the  curtain-wall  is 
only  6  in.  thick,  than  in  the  remainder  of  the  enclosed  bays,  where  the 
wall  is  at  least  double  that  thickness. 

Leakage  in  Superstructure. — At  the  time  of  failure  there  were  pro- 
nounced leaks  at  certain  contraction  joints  in  the  deck.  In  the  type 
of  construction  used  the  deck  slabs  are  not  in  contact  with  each  other 
at  the  buttresses.  Instead,  a  tongue,  integral  with  the  buttresses  and 
varying  from  18  to  24  in.  in  width,  separates  the  slabs.  Contraction 
joints  exist,  therefore,  between  these  tongues  and  the  slabs,  over  all 
buttress  haunches.  It  appears  that,  in  the  original  construction, 
insufficient  care  was  taken  in  forming  these  joints,  with  the  result 
that  in  most  cases  they  did  not  fulfill  their  intended  functions,  and 
contraction  cracks  occurred  only  at  intervals  averaging  about  75  ft. 
The  tenacity  of  the  bond  in  certain  of  the  intended  joints  is  well  illus- 
trated in  Fig.  5  which  shows  the  deck  of  Bay  18  overhanging  west- 
wardly  for  a  distance  of  about  13  ft.,  the  adjacent  Buttresses  17  and 
16  with  their  intermediate  deck  having  fallen  away  due  to  the  under- 
mining of  the  buttress  footings.  Naturally,  such  joints  as  did  act 
opened  excessively  and  allowed  considerable  leakage  to  take  place. 

The  worst  leakage  of  this  kind  occurred  on  the  east  side  of  Buttress 
29,  where,  during  the  severely  cold  weather  obtaining  at  the  time  of 
the  failure,  ice  formed  to  such  an  extent  as  to  block  the  stairway 
leading  from  the  walkway  down  to  the  outlet  gate-operating  mechanism. 
It  was  considered  impracticable  to  attempt  to  reconstruct  all  the 
contraction  joints  so  as  to  make  them  perform  properly  their  intended 
function.  Instead,  all  joints  which  were  acting  too  freely  were  made 
as  nearly  water-tight  as  possible  by  cleaning  them  out  thoroughly, 
packing  them  with  tar-paper  placed  on  edge,  and  then  pouring  in 
hot  asphalt.  The  asphalt  has  a  tendency  to  flow  from  the  joints  during 
extremely  hot  weather,  but  it  is  believed  that  such  asphalt  as  remains 
in  the  joints,  together  with  sediment  deposited  by  leakage  water,  will 
prevent  any  serious  leakage.  As  a  matter  of  fact,  the  joint  at  Buttress 
29   still   leaks   somewhat,   especially   in   cold   weather.     However,   by 
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reason  of  the  bay  being  enclosed  by  the  curtain-wall  and  roof,  the 
attendant  can  now  with  little  difficulty  clear  the  stairway  of  the  trifling 
quantity  of  ice  that  forms  during  severely  cold  weather. 

In  the  new  spillway  section  precautions  were  taken  to  insure 
positive  action  of  the  contraction  joints  by  covering  the  entire  sur- 
face of  such  joints  with  two  thicknesses  of  three-ply  tar-paper,  or 
the  equivalent  thereof.     The  leakage  here  has  been  inconsequential. 

Miscellaneous  Problems. 

Strength  of  Decks  and  Buttresses. — In  the  case  of  the  greatest 
flood  reasonably  to  be  anticipated,  the  deck  of  the  original  structure 
would  be  subjected  to  greater  loading  than  that  for  which  it  was 
designed.  The  resulting  increase  in  stresses  would  be  greatest  at  the 
bottom  of  the  upper  lift  of  the  deck,  namely,  at  Elevation  126.  Here 
the  maximum  stresses  with  head-water  at  Elevation  142.25  would  be 
approximately  22  000  lb.  per  sq.  in.  in  the  reinforcing  steel  and  800  lb. 
per  sq.  in.  in  the  concrete.  The  original  steel  is  reported  to  have  been 
purchased  under  a  guaranty  of  55  000  lb.  per  sq.  in.,  minimum  elastic 
limit,  and  the  concrete  was  of  a  character  warranting  the  assumption 
of  an  ultimate  strength  of  at  least  2  000  lb.  per  sq.  in.  in  90  days. 

Under  these  conditions,  it  did  not  appear  necessary  or  advisable 
to  strengthen  the  decks  of  the  original  structure.  Likewise,  it  was 
not  considered  necessary  to  strengthen  the  buttresses,  other  than  to 
give  them  the  benefit  of  the  incidental  stiffening  provided  by  the 
curtain-wall  previously  described. 

At  the  new  spillway  section,  on  the  other  hand,  it  was  considered 
proper  to  design  the  deck  for  a  loading  due  to  head-water  at  Elevation 
142.25,  notwithstanding  the  fact  that  the  new  spillway  deck  thus  has 
greater  strength  than  the  deck  of  the  original  portions  of  the  structure. 
Also,  the  thickness  of  the  buttresses  was  increased,  as  compared  with 
the  original  structure.  Above  Elevation  112  the  increase  in  thickness 
was  a  minimum  of  4  in.,  and  below  that  elevation  a  minimum  of  6  in. 
Furthermore,  the  new  buttresses  are  more  heavily  braced  laterally 
than  in  the  case  of  the  original  construction.  The  walkway  slab  is 
thickened  so  as  to  serve  as  a  brace-beam,  with  its  principal  dimension 
horizontal,  and  two  other  brace-beams,  with  their  principal  dimensions 
vertical,  are  provided  lower  in  the  structure.  Detailed  comparisons 
may  be  made  by  examining  the  data  on  Plates  III  and  V. 
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Increase  in  Storage  Capacity. — In  view  of  the  much  larger  spillway- 
capacity  provided  in  the  reconstruction,  it  appeared  logical  to  make 
temporary  use  of  some  of  the  depth  over  the  spillway  by  providing 
increased  storage  capacity.  It  was  concluded  to  be  feasible  to  utilize 
in  this  way  approximately  3  ft.  of  the  6  ft.  6  in.  available  depth  over 
the  main  spillways.  Such  use  for  storage  purposes,  however,  is  tem- 
porary only  in  the  sense  that,  during  extraordinary  iloods,  the  entire 
depth  over  the  main  spillways  must  be  available  for  flood  discharging 
purposes.  The  resulting  increase  in  the  available  storage  capacity 
was  approximately  380  000  000  gal.,  or  about  25%  (Fig.  10),  and  it 
afforded  a  certain  consolation  to  the  owner  for  the  heavy  exi^enditures 
entailed  by  the  failure  and  reconstruction  of  the  dam.  It  may  reason- 
ably be  said  that,  even  in  the  case  of  the  original  structure,  it  would 
have  been  possible  similarly  to  utilize  some  of  the  3  ft.  difference  in 
elevation  between  the  crest  of  the  spillway  and  that  of  the  bulkhead 
sections;  yet  it  is  equally  true  that  an  appreciable  quantity  of  addi- 
tional storage  could  have  been  obtained  only  at  the  risk  of  overtopping 
tlie  structure  during  floods. 

Flash-Board  Supports. — The  problem  involved  in  increasing  the 
available  storage  capacity  by  about  25%  was  to  provide  a  temporary 
dam,  in  other  words,  flash-boards,  which  would  fail  within  compara- 
tively narrow,  predetermined  limits  of  loading.  Thus,  it  was  impera- 
tive that  3-ft.  flash-boards  should  not  be  overtopped  by  more  than 
3  ft.  6  in.  at  the  very  maximum.  The  effect  of  the  use  of  such  3-ft.  flash- 
boards  on  the  flood  discharging  capacity  of  the  spillways  was  carefully 
considered,  and  a  number  of  hypothetical  cases  were  worked  out.  One 
of  these  cases,  previously  discussed  in  this  paper,  is  shown  in  Fig.  14, 
wherein  it  was  assumed  that,  with  the  greatest  flood  reasonably  to  be 
provided  for,  the  3-ft.  flash-boards  might  not  fail  until  the  head-water 
had  reached  an  elevation  5  ft.  above  the  base  of  the  flash-boards. 
The  result  of  such  studies  was  the  conclusion  that  the  use  of  flash- 
boards  would  not  affect  seriously  the  maximtma  flood  discharging 
capacity  of  the  dam  as  reconstructed. 

It  was  impracticable  to  provide  at  small  cost  reliable  means  which 
would  cause  the  flash-boards  to  fail  with  head-water  3  ft.  over  the 
boards,  and  yet  not  fail  at  lower  elevations.  On  the  other  hand,  it 
is  highly  undesirable  that  the  flash-boards  should  fail  under  any  except 
the  more  severe  freshets;   otherwise  the  inconvenience   of  renewing 
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the  flash-boards  and  of  the  loss  of  the  3-ft.  depth  of  stored  water  would 
occur  too  frequently. 

Both  of  these  considerations  were  subservient  to  a  third  condition, 
namely,  that  the  means  of  lowering  the  flash-boards  or  causing  them 
to  fail  must  be  absolutely  automatic,  inasmuch  as  conditions  warranted 
the  employment  of  only  a  single  attendant,  and  at  the  critical  time 
he  might  be  absent  or  asleep,  or  might  for  any  other  reason  not  attend 
to  the  flash-boards  when  necessary.  Finally,  the  cost  of  the  flash-board 
provision  and  of  replacing  the  flash-boards  was  necessarily  to  be  made 
as  low  as  possible. 

For  the  purpose  of  meeting  the  foregoing  requirements,  the  writer 
had  about  seventy  experiments  made  on  steel  bars  or  '"pins"  to  serve 
as  flash-board  supports.  The  experiments  were  intended  chiefly  to 
find  a  material  which  would  fail  at  a  predetermined  stress,  but  would 
not  allow  the  pins  to  bend  considerably  at  lower  stresses.  It  was  also 
desired  that,  when  failure  occurred,  it  should  consist  in  the  pins 
snapping  off  at  approximately  the  elevation  of  the  spillway  crest,  thus 
allowing  the  crest  to  be  cleared  absolutely  of  all  obstruction  by  the 
flash-boards  and  their  supports.  The  experiments  were  performed  in 
the  outlet  channel,  where,  by  using  the  sluice-gates  and  the  previously 
accumulated  head  in  the  partly  refilled  reservoir,  it  was  possible  to 
duplicate  the  heads  which  would  exist  under  actual  operating  con- 
ditions, and  hence  use  flash-boards  and  supports  of  the  same  size  as 
under  actual  conditions. 

A  controlling  condition  was  the  fact  that  flash-board  sockets  had 
been  provided  in  the  original  spillway  3  ft.  6  in.  from  center  to  center. 
The  same  spacing  was  used  for  the  crest  of  the  new  spillway,  so  as 
to  allow  interchange  of  equipment.  The  scope  of  the  tests  covered 
various  conditions  of  head,  lengths  of  time  during  which  heads  were 
maintained,  and  degrees  of  turbulence  (akin  to  reservoir  wave  action), 
as  well  as  various  kinds  and  conditions  of  steel.  Inasmuch  as  it  was 
desired  to  avoid  the  use  of  pins  which  would  bend,  and  because  of 
previous  experience  with  wrought-iron  pins,  it  was  not  thought  worth 
while  to  spend  time  in  testing  pins  of  that  material.  However,  steel 
pins  were  tested,  including  soft  and  hard  steels.  The  highest  carbon 
content  was  approximately  1.40  per  cent. 

None  of  the  steel  pins  tested  in  their  natural  condition  gave  satis- 
factory results.     Those  made  of  steel  with  even  as  high  as  0.90  to 
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1.10%  carbon  (railway  spring  steel)  persisted  in  bending  before 
breaking,  whereas  steels  with  higher  carbon  content,  though  they  did 
not  bend  unduly,  were  erratic  as  to  the  head  or  load  at  which  they 
broke.  This  was  especially  true  of  tool  steels.  Practically,  as  a  last 
resort,  the  writer  tried  the  process  of  hardening  the  steel ;  that  is,  the 
pins  were  heated  and  then  hardened  by  plunging  into  cold  water. 
Even  under  these  conditions  satisfactory  results  were  obtained  only 
within  comparatively  narrow  limits.  The  softer  steels,  of  course,  would 
not  harden,  and  the  very  high  carbon  steels  became  the  more  erratic  in 
their  behavior  by  reason  of  such  hardening.  Round  pins  were  used, 
because  of  the  uniform  resistance  of  pins  of  circular  cross-section, 
no  matter  at  what  point  the  load  might  be  applied  (thus  making 
it  unnecessary,  in  this  regard  at  least,  to  exercise  care  in  placing 
the  pins). 

The  most  satisfactory  results  were  obtained  by  the  use  of  open- 
hearth  steel  with  a  carbon  content  varying  between  0.40  and  O.SO% 
and  phosphorus  and  sulphur  contents  each  not  exceeding  0.05  per  cent. 
In  the  hardening  process  the  pins  were  heated  to  a  "cherry  red"  before 
quenching  in  cold  water.  The  heated  portion  extended  about  8  in. 
above  and  below  that  point  in  the  pin  which  when  in  place  would 
be  at  the  spillway  crest.  As  the  result  of  the  tests  on  hardened 
specimens  with  such  characteristics,  it  was  concluded  that  1^-in.  round 
pins,  with  carbon  content  of  0.62  to  0.77%,  aiming  at  0.72%,  and 
sulphur  and  phosphorus  contents  limited  as  above,  would  fail  at 
approximately  the  predetermined  point,  viz.,  when  the  elevation  of  the 
head-water  was  about  4.3  ft.  above  the  main  spillway  crests,  or  about 
1.3  ft.  above  the  top  of  3-ft.  flash-boards.  It  was  also  concluded  that 
such  pins  would  not  be  subject  to  excessive  temporary  or  permanent 
deflections  before  breaking. 

As  it  was  impracticable  to  wait  for  further  tests  before  making  the 
final  selection  of  the  supporting  pins  to  be  used,  two  sets  were  ordered 
for  each  spillway,  together  with  a  sufficient  number  of  extra  pins  to 
allow  for  making  confirmatory  tests.  Subsequent  analysis  showed  that 
the  pins  delivered  actually  have  a  carbon  content  of  0.68  per  cent. 
The  flash-board  pin  sockets  in  both  old  and  new  spillways  were  adjusted 
by  grout  filling  to  a  uniform  depth  of  18  in.  The  pins  were  cut  to 
4  ft.  6  in.  lengths,  so  as  to  allow  them  to  project  3  ft.  vertically  above 
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the  spillway  crests.     Seasoned  spruce  planks  were  used  as  flash-boards, 
with  an  actual  net  height  of  2.78  ft.  above  the  spillway  crests. 

The  final  tests,  made  on  pins  chosen  at  random  from  those  pur- 
chased for  actual  service,  showed  exceedingly  satisfactory  results.  In 
no  cases  where  the  conditions  were  equivalent  to  those  of  actual 
service  did  the  pins  fail  at  heads  of  less  than  4.0  ft.,  nor  did  they 
longer  than  momentarily  withstand  without  failure  heads  of  more 
than  4.6  ft.  above  the  base  of  the  flash-boards.  Moreover,  the  maximum 
temporary  deflection  above  the  top  of  the  sockets,  with  the  head-water 
at  elevations  slightly  less  than  that  at  which  failure  occurred,  was 
only  about  10°  down  stream  from  the  vertical.  In  those  instances 
where  the  head-water  was  allowed  to  subside  to  zero  after  having  very 
nearly,  but  not  actually,  attained  the  predetermined  elevation,  the 
pins  showed  a  permanent  deflection  or  set  of  less  than  3°  from  the 
vertical.  The  results  of  these  tests,  made  in  the  outlet  channel,  showed 
surprisingly  little  difference  between  the  effects  of  turbulent  and  of 
still  head-water. 

The  apparent  brittleness  of  the  hardened  pins  is  the  more  remark- 
able in  view  of  the  "qualifying"  test  to  which  the  pins  had  been  sub- 
mitted after  they  had  been  hardened,  viz.,  they  had  been  dropped  from 
the  crest  of  the  dam  to  the  concrete  flooring  of  the  outlet  channel, 
a  distance  of  more  than  50  ft.  In  order  to  roake  doubly  certain  that 
defective  bars  were  eliminated,  each  pin  was  dropped  twice  in  this 
manner.  Sometimes  they  fell  across  previously  dropped  pins,  thus 
concentrating  the  impact  at  a  single  point  of  the  pin.  Yet  very  few 
which  were  put  through  this  conclusive  test  were  thereby  broken. 
This  "qualifying"  test  was  applied,  not  merely  to  the  pins  used  for 
the  confirmatory  tests  in  the  outlet  channel,  but  to  all  pins  which 
were  placed  in  actual  service. 

With  regard  to  the  sensitiveness  of  the  pins  in  question,  the  results 
of  an  earlier  test  may  be  of  interest.  In  that  test  Ix'^-in-  round 
pins,  with  carbon  content  of  0.62%,  were  used  at  the  regular  intervals 
of  3  ft.  6  in.  to  support  flash-boards  about  38  in.  high.  The  head- 
water was  maintained  for  lOi  hours  at  an  elevation  approximately 
3.7  ft.  above  the  base  of  the  flash-boards.  At  the  end  of  that  period 
the  head  was  increased  to  4.2  ft.,  and  within  a  few  minutes  two  of  the 
three  pins  under  test,  supporting  three  panels  of  flash-boards,  snapped 
off  simultaneously  at  the  top  of  the  sockets. 
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Since  the  reconstruction  of  the  dam  has  been  completed,  the  head- 
water, with  the  flash-boards  in  place,  has  reached  Elevation  139.83, 
which  is  about  12f  in.  over  the  top,  and  3.83  ft.  above  the  base,  of 
the  flash-boards.  The  supporting  pins  met  the  expectations,  as  none 
failed,  despite  the  fact  that  they  were  under  severe  load  for  several 
hours.  Subsequently,  the  flash-boards  were  taken  down  for  the  winter, 
and  it  was  found  that  the  pins  had  suffered  no  permanent  deflection. 

Underpinning  Problems  at  the  New  Spillway. — The  original  footings 
of  Buttress  10,  which  was  left  intact  and  forms  the  west  abutment 
of  the  new  spillway,  were  about  22  ft.  Jiigher  than  the  footings  of 
the  adjacent  new  Buttress  11,  and  about  27  ft.  higher  than  the  footings 
of  new  Buttress  12.  The  footings  of  the  latter  buttresses  rest  on 
bed-rock,  whereas  the  original  footings  of  Buttress  10  rested  on  the 
clayey  over-burden.  Evidently,  it  was  necessary  to  provide  secure  sup- 
port for  Buttress  10  as  well  as  to  insure  the  stability  of  the  foundation 
soil  under  the  adjacent  (up-hill)  portion  of  the  original  structure. 
This  was  accomplished  by  underpinning  Buttress  10  with  a  retaining 
wall  founded  on  bed-rock.  In  this  manner  it  was  possible,  in  effect, 
to  extend  the  footings  of  Buttress  10  down  to  rock  and,  at  the  same 
time,  prevent  the  lateral  displacement  of  the  soil  under  the  adjacent 
footings.  The  retaining  wall  was  extended  down  stream  as  a  portion 
of  the  new  spillway  cl*annel,  and  decreases  in  height  as  the  channel 
swings  away  from  the  west  bank.  It  is  of  reinforced  concrete,  and  is 
of  substantial  proportions  for  a  sufficient  distance  down  stream  from 
the  footings  of  Buttress  9  to  confine  adequately  the  foundation  soil 
immediately  down  stream  from  that  portion  of  the  dam,  as  shown 
by  Figs.  16  and  17. 

The  type  of  construction  of  the  underpinning  at  Buttress  10  is 
illustrated  in  Figs.  25  and  26,  which  show  the  underpinning  in  suc- 
cessive stages  of  construction.  To  avoid  the  necessity  of  temporary 
shoring  under  Buttress  10,  relatively  narrow  excavations  were  first 
made  for  the  4-ft.  wide  counterforts,  leaving  the  intermediate  soil  to 
take  the  weight  of  the  buttress  and  its  overhanging  footing  (which  was 
not  removed).  Due  to  the  character  of  the  soil  in  question,  it  was 
impracticable  to  allow  the  buttress  to  be  supported  in  this  manner 
for  any  considerable  length  of  time.  Fortunately,  no  severe  rains 
occurred  in  the  meantime,  and  the  counterforts  were  constructed  with- 
out mishap  up  to  the  bottom  of  the  footings.     Then,  by  means  of  holes 
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Fig.  25. — Underpinning  at  Buttress  10. 


Fig.  26. — Underpinning  at  Buttress  10,  Stony  River  Dam. 
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drilled  through  the  footings,  grout  was  forced  between  the  surfaces  of 
contact.  Subsequently,  the  counterforts  took  the  load  without  notice- 
able sinking  on  the  part  of  Buttress  10. 

As  soon  as  the  concrete  in  the  counterforts  had  set  sufficiently,  a 
reinforced  concrete  panel,  4  ft.  thick,  was  constructed,  bearing  against 
shoulders  which  had  been  left  in  the  counterforts.  The  concrete  in 
this  panel  was  poured  directly  against  the  clayey  bank,  so  as  to 
prevent  the  formation  of  voids  and  consequent  settlement.  All  voids 
left  immediately  under  the  footings  were  filled  with  grout,  not  so  much 
to  enable  the  west  half  of  the  Buttress  10  footings  to  transmit  load 
into  the  foundation  soil  as  to  prevent  lateral  displacement  of  the  soil 
underlying  Buttress  9  and  its  footings.  The  retaining  wall  panels 
were  provided  with  weep-holes  in  order  to  drain  adequately  the  sup- 
ported soil. 

In  view  of  the  fact  that  Buttress  10  now  is  founded  on  rock, 
whereas  the  adjacent  westward  Buttress  9  rests  on  clayey  soil,  it  is 
probable  that  the  footings  of  the  latter  will  deflect  more  than  those 
of  the  former  in  transmitting  vertical  load.  Such  inequality  in  deflec- 
tion would  cause  undesirable  stresses  in  the  footings  of  Bay  10  were 
it  not  for  a  vertical  seam  which  was  cut  entirely  through  the  flooring, 
along  the  center  line  of  the  bay.  Thus  the  footings  of  the  adjacent 
buttresses  can  act  independently  as  far  up  stream  as  the  cut-oif  wall. 
The  deck  of  Bay  10  will  presumably  adjust  itself  to  any  such  unequal 
deflection  without  ill  effects. 

At  the  east  side  of  the  new  spillway  a  like  problem  was  encountered 
in  connection  with  the  footings  of  Buttress  19.  It  was  treated  in  a 
similar  manner,  though  an  additional  counterfort  was  constructed. 
Here,  too,  a  retaining  wall  was  extended  down  stream  to  form  the 
east  wall  of  the  new  spillway  channel,  supporting  the  west  flank 
of  the  fill  which  was  made  immediately  down  stream  from  the  dam 
between  the  old  and  new  spillways. 

Toe  Protection  at  Old  Spillway. — The  channel  down  stream 
from  the  old  spillway  has  a  concrete  mat  9  in.  thick,  the  mat  having 
been  placed  on  crushed  stone  which  covered  the  original  ground 
anrface  to  a  depth  of  4  in.  In  the  reconstruction  it  was  felt  that, 
considering  the  possible  effects  of  frost,  in  the  way  of  heaving  the 
channel  mat,  and  of  scour  at  the  down-stream  end  of  the  mat,  such 
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construction  could  hardly  be  considered  permanent,  and  it  appeared 
to  be  wise  to  make  more  substantial  provision. 

This  took  the  form  of  additional  toe  protection,  rather  than  of  doing 
away  with  the  original  channel  mat  and  substituting  a  relatively  expen- 
sive, heavier  mat.  The  principal  features  of  such  toe  protection  are 
shown  in  Fig.  27.    The  row  of  10  by  10-ft.  mat  slabs  immediately  down 
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TOE-WALL  AT  OLD  SPILLWAY 
Fig.   27. 

stream  from  the  old  spillway  apron  bucket  was  taken  out,  and  excava- 
tion was  made  for  a  toe-wall  extending  to  a  depth  of  17  ft.  below  the 
top  of  the  channel  mat  or  hearth.  This  toe-wall  was  designed  to  act  as 
an  anchoring  wall,  similar  in  this  respect  to  the  anchoring  walls  pro- 
vided for  the  bulkhead  portions  of  the  original  structure.  However, 
it  was  carried  to  a  greater  depth,  in  order  to  prevent  the  undermining 
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of  the  main  footings  of  the  old  spillway  in  case  the  channel  mat 
should  be  washed  away  in  whole  or  in  part. 

Here,  again,  the  toe-wall  forms,  in  effect,  an  extension  of  the 
original  footings.  Its  load  is  received  through  the  original 
toe  of  the  spillway.  However,  because  the  apron  of  the  spill- 
way had  been  cast  separately  from  the  footings  and  the  buttresses, 
it  was  impossible  to  utilize  the  apron,  as  originally  constructed,  to 
transmit  any  load  into  the  toe-wall,  except  in  so  far  as  the  weight  of 
the  apron  and  the  frictional  resistance,  along  the  surfaces  of  contact 
between  the  apron  and  buttresses,  were  concerned.  It  was  found 
advisable  to  utilize  the  apron  to  a  greater  extent  by  constructing  a 
so-called  floor-beam,  as  shown  in  Fig.  27,  and  tying  the  apron  into 
the  floor-beam  with  the  steel  dowels  there  shown.  This  arrangement 
also  served  the  purpose  of  distributing  the  load  on  the  base  of  the 
buttress  over  a  great  distance  (up  and  down  stream),  thus  reducing 
the  unit  load  on  the  concrete  in  proportion. 

In  addition  to  the  deep  toe-wall,  wing-walls  were  extended  down 
stream,  as  shown  in  plan  on  Plate  IV.  The  inner  end  of  each  wing- 
wall  extends  to  the  same  depth  as  the  toe-wall,  but  the  outer  ends  are 
approximately  11  ft.  deep  below  the  top  of  the  mat.  The  wing-wall 
at  the  west  end  of  the  old  spillway  was  capped  by  the  concrete  of  a 
wasteway,  which  allows  any  excessive  head  of  water  in  the  channel 
immediately  down  stream  from  the  bays  of  maximum  height  to  relieve 
itself  into  the  old  spillway  channel.  The  new  fill  between  spillways 
has  been  protected  on  its  east  flank  along  the  old  spillway  mat  by 
the  construction  of  a  wall  of  sandstone  boulders  laid  in  cement  mortar. 

Anchoring  Wall  at  Heel  of  Gate  Sections. — At  Bays  30  and  31 
the  openings  from  the  reservoir  to  the  outlet  gates  prevented  the 
construction  of  the  standard  type  of  "heel"  shown  on  Plate  Y.  The 
upper  cantilever  member  of  the  anchoring  wall  would  have  interfered 
with  the  opening.  Therefore,  a  modified  method  of  construction  was 
used,  as  shown  on  Plate  YI.  In  this  case  the  anchoring  wall  extends 
from  the  top  of  the  concrete  protection  mat,  immediately  up  stream 
from  the  gate  openings,  to  a  depth  of  about  15  ft.  below  the  original 
footings.  The  cantilever  arms  are  not  so  long  as  in  the  standard 
"heel",  for  the  reason  that  the  tie-steel  enters  the  anchoring  wall  at 
the  middle,  inclining  downward  from  the  original  footings.  The 
steel  bars  find  embedment  in  the  new  concrete  immediately  adjacent 
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to,  and  bonded  into,  the  lower  portions  of  Buttresses  29,  30,  and  31, 
as  shown  in  Section  B-B  of  Plate  VI.  The  bars  were  encased  entirely 
in  concrete  to  protect  them  against  corrosion  in  the  foundation  soil. 

In  order  to  place  the  tie-steel,  holes  were  opened  by  blasting  through 
the  original  cut-off  wall,  and  tunnels  were  carried  upward  under  the 
footings  to  connect  with  openings  which  had  been  cut  down  through 
the  footings.  The  bars  were  then  placed  and  the  concrete  poured 
from  the  interior  of  Bays  30  and  31.  The  special  construction  at 
these  bays  was  simpler,  in  so  far  as  the  anchoring  wall  itself  was 
concerned,  but  was  more  expensive  than  the  standard  type  because 
of  the  necessity  of  placing  the  tie-steel  in  the  manner  described. 

Outlet  CJiajinel. — The  outlet  channel  has  been  referred  to  and 
partly  described  in  preceding  portions  of  the  paper.  Its  purpose  is 
essentially  to  prevent  any  scour  which  might  result  either  from  dis- 
charge from  the  sluice-gates  or  from  water  flowing  over  the  inter- 
mediate spillway  which  extends  the  length  of  the  bulkhead  section 
between  the  old  and  new  main  spillways.  The  sides  of  the  channel 
are  constructed  as  retaining  walls  to  hold  the  down-stream  fill.  Lon- 
gitudinal and  transverse  cross-sections  of  the  outlet  channel  are  shown 
in  Fig  24,  and  Plate  IV  shows  it  in  plan.  The  channel  extends  a 
total  distance  of  64  ft.  down  stream  from  the  toe  of  the  original  struc- 
ture, and  is  protected  by  a  cut-off,  about  12  ft.  deep,  penetrating  a 
bed  of  heavy  boulders.  The  details  of  this  structure  are  not  such  as 
to  warrant  further  description. 

A  connecting  channel  was  necessarily  constructed  to  lead  from 
the  outlet  channel  directly  dovra  stream  to  the  old  river-bed.  This 
change  of  stream  channel  has  a  further  advantage  in  that  it  protects 
the  lower  end  of  the  old  spillway  channel  mat  from  the  scour,  due 
to  sluice-gate  discharge,  to  which  it  was  subjected  under  the  original 
construction. 

Materials  of  Construction. 
Cement. — The  cement  for  the  work  of  reconstruction,  as  also  that 
for  the  original  construction,  was  furnished  by  the  Alpha  Portland 
Cement  Company,  and  all  the  cement  for  the  reconstruction  came 
from  its  Lehigh  Valley  mills.  The  cement  was  required  to  meet  the 
Specifications  of  the  American  Society  for  Testing  Materials  plus  those 
specifications  of  the  United  States  Government  (Bureau  of  Standards) 
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pertaining  to  insoluble  residue  and  loss  on  ignition.     It  was  tested  at 
the  mills  by  representatives  of  the  Pittsburgh  Testing  Laboratory. 

Stone. — Crushed  sandstone  was  used  for  the  concrete  aggregate. 
It  was  quarried  from  ledges  exposed  along  the  mountain  side  within 
convenient  distance  of  the  work.  Three  quarries  were  opened;  two  of 
these  required  short  hauls  on  the  temporary,  standard-gauge  railroad, 
and  the  third  furnished  rock  to  the  crushers  directly  by  small  cars 
operating  on  a  narrow-gauge  track.  The  cost  of  quarrying  was  heavy, 
inasmuch  as  the  ledges  were  in  no  case  of  great  depth,  and  the  cost  of 
stripping  was  therefore  proportionately  high. 

In  view  of  the  relatively  high  cost  of  the  materials  for  concrete, 
sandstone  boulders  were  utilized  to  as  great  an  extent  as  possible. 
These  boulders  were  ordinarily  of  one-man  size,  and  either  were  foxind 
in  the  river-bed  or  were  yielded  by  the  excavation  for  anchoring  walls, 
cut-off  extensions,  etc.  The  larger  proportion  of  the  boulders  was 
found  in  the  excavations  near  the  middle  of  the  valley. 

Sand. — As  in  the  case  of  the  original  construction,  sand  was 
obtained  by  crushing  and  rolling  the  native  sandstone,  though  the 
product  was  not  the  best  that  could  be  desired.  Probably  the  chief 
defects  in  the  sand  were  its  inferior  grading,  and  especially  the  large 
proportion  of  fines.  Nevertheless,  the  resulting  concrete  was  accept- 
able, as  shown  by  tests  made  from  time  to  time  on  standard  specimens 
cast  in  most  cases  from  concrete  taken  directly  from  the  mixer  in  the 
regular  course  of  the  work.  The  specimens  were  shipped  to  Pittsburgh 
to  be  tested. 

Steel. — Open-hearth  reinforcing  steel  was  furnished  by  the  Carnegie 
Steel  Company,  under  the  June  1st,  1912,  Standard  Specifications,  of 
the  American  Society  for  Testing  Materials,  for  cold-twisted,  steel 
reinforcing  bars.  Thus  the  steel  was  required  to  show  a  minimum 
yield  point  of  55  000  lb.  per  sq.  in.  The  standard  design  data,  as  used 
for  the  cold-twisted  bars,  may  be  of  general  interest,  and  are  therefore 
submitted  in  Table  6. 

Classes  of  Concrete  Construction. — Four  standard  classes  of  con- 
crete construction  were  used  in  the  reconstruction,  and,  on  the  basis 
of  these  classes,  working  stresses  for  use  in  design  were  specified,  as 
follows : 

Class  A-1. — Reinforced  concrete;  proportions  1:2|:3|;  allowable 
working  stress  for  steel,  18  000  lb.  per  sq.  in. ;  for  concrete. 
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TABLE  6. — Standard  Design  Data  for  Cold-Twisted  Square  Steel 

Bars. 
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Note.— Use  no  5^-in.  bars  except  under  especially  approved 
conditions. 

Use  J^-in.  bars  only  where  unavoidable,  e.  g.,  for  slabs  only  6  or 
8  in.  thicK. 

As  far  as  possible  use  bars  of  same  diameter  in  same  portion  of 
structure,  so  to  avoid  confusion. 

Wherever  possible,  bar  lengths  are  to  be  specified  to  nearest 

Bars  should  not  be  specified  more  than  40  ft.  long;  and  ordi- 
narily not  more  than  30  ft.  long. 

Use  no  clamp-i  for  splicing  unless  there  is  no  other  recourse. 

♦These  dimensions  apply  likewise  to  distance  from  end  of  bar 
to  nearest  concrete  surface.  Where  bottom  of  slab  is  cast  on 
ground,  allow  1  or  2  in.  extra  depth  of  embedment. 

tWhere  available  length  for  straight  embedment  is  less  thaa  90%  of  standard  length, 
use  180°  bend.    (See  diagram.)    Letters  in  parentheses  refer  to  classes  of  concrete. 

tBars,  in  general,  should  not  be  farther  from  center  to  center  than  the  distance  from 
outer  compression  fiber  of  concrete  to  center  of  steel. 

700  lb.  per  sq.  in.  This  was  used  almost  solely  in  the  footing 
strengthening,  because  the  protected  condition  of  the  concrete 
there  warranted  taking  advantage  of  the  economy  resulting 
from  the  highest  practicable  working  stresses. 

Class  AS. — Reinforced  concrete;  proportions  1:2^:31  (the  same 
as  those  for  the  preceding  class)  ;  allowable  working  stress  for 
steel,  16  000  lb.  per  sq.  in. ;  for  concrete,  500  lb.  per  sq.  in.  This 
class  of  construction  was  used  for  the  deck,  apron,  and  brace- 
beams  of  the  new  spillway;  also  for  all  reinforced  concrete 
retaining  walls. 

Class  B. — Reinforced  concrete;  proportions  1 :  2| :  4|.  This  class 
of  construction  was  used  where  the  design  was  not  limited  to 
the  bare  requirements  measured  by  allowable  working  stresses, 
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and  where  the  quantities  of  concrete  were  ample.  It  was  used, 
for  instance,  in  the  buttresses  of  the  new  spillway,  the  anchor- 
ing walls  at  heel  and  toe  of  the  original  structure  (excepting 
the  toe- wall  at  the  old  spillway),  curtain- walls  and  roofs,  main 
parapet  of  the  outside  bulkhead  sections,  floor  of  the  outlet, 
channel,  and  the  heavy  mat  of  the  new  spillway  channel. 
Class  C. — Plain  concrete ;  proportions  1 :  3^ :  5^.  In  general,  this 
class  of  construction  had  no  reinforcement,  except  for  tem- 
perature stresses  and  the  like.  It  was  used  for  the  buttress 
footings  and  the  combination  anchoring  wall  and  cut-off  of 
the  new  spillway,  the  counterforted  retaining  walls  under- 
pinning Buttresses  10  and  19,  all  cut-off  wall  extensions  and 
the  toe-wall  at  the  old  spillway.  In  the  latter  case,  especially, 
as  well  as  in  certain  other  places,  considerable  quantities  of 
boulders  were  incorporated  in  the  Class  C  concrete.  It  was 
specified  that  boulders  should  not  constitute  more  than  40%  of 
the  total  volume,  and  that  they  should  not  interfere,  or  be  in 
contact,  with  reinforcing  steel. 

Construction  Methods  and  Equipment. 

The  total  quantity  of  concrete  involved  in  the  reconstruction  and 
strengthening  work  was  approximately  10  160  cu.  yd.,  according  to  the 
plans;  actually,  about  11700  cu.  yd.  (including  boulders)  were  placed, 
the  discrepancy  of  about  15%  being  due  principally  to  over-run  in 
trench  excavation.  The  quantity  of  concrete  reported  to  have  been 
placed  during  the  original  construction  of  the  dam  was  11  800  cu.  yd. 
Evidently,  the  reconstruction  was  by  no  means  a  small  matter  as  com- 
pared with  the  original  construction.  The  quantities  involved  in  each 
case  were  less  than  those  which  would  have  been  required  had  a  dam 
of  the  solid  masonry  type  been  constructed;  yet  the  complexities 
involved  in,  and  the  attention  to  detail  required  by,  the  type  of  construc- 
tion actually  used  were  very  much  greater  than  would  have  been  neces- 
sary in  the  case  of  a  solid  dam. 

The  construction  methods  were  essentially  like  those  used  in  the 
original  construction  work,  and  described  elsewhere.*  In  view  of  that 
fact,  it  does  not  seem  proper  to  occupy  space  in  this  paper  with  any 
detailed  description  of  the  construction  methods.    As  a  matter  of  fact, 

*  Engineering  News,  January  22d,  1914. 
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certain  special  methods  of  procedure  applied  in  the  reconstruction 
have  already  been  described  in  connection  with  the  discussion  of  the 
governing  features  of  design. 

Construction  Equipment. — As  soon  as  practicable  after  the  writer 
had  been  engaged  to  investigate  the  foundation  conditions  and  deter- 
mine the  feasibility  of  reconstructing  the  dam  so  as  to  be  safe,  work 
was  begun  on  a  standard-^gauge  railroad  connection.  This  was  made, 
as  in  the  case  of  the  original  construction,  with  the  standard-gauge 
logging  railroad  of  the  Parsons  Pulp  and  Paper  Company,  but  at  a 
point  nearer  the  dam  site  and  about  16  miles  from  Dobbin,  W.  Va.,  on 
the  Western  Maryland  Railroad.  The  connecting  spur  added  a  little 
more  than  2  miles  to  the  distance.  It  was  constructed  at  a  cost  of 
about  $3  000  per  mile  for  grading  the  road-bed,  ballasting,  cross-ties  in 
place,  and  laying  rails,  though  not  including  the  cost  of  the  rails. 

This  low  cost  was  due  to  the  fact  that,  in  the  construction  of  this 
spur,  no  pretense  was  made  of  keeping  curvature  and  grades  within 
ordinary  limits,  nor  was  much  attention  paid  to  ballasting  the  road-bed. 
The  maximum  curvature  was  31°  15',  and  the  maximum  grade  was 
12 A  per  cent.  For  a  considerable  distance  the  grade  averaged  9.8 
per  cent.  The  contour  of  the  ground  was  followed  closely,  and  the 
greatest  part  of  the  work  of  grading  consisted  in  taking  out  boulders 
with  which  the  ground  was  strewn.  Small  streams  were  bridged  with 
tree-trunk  stringers  or  cribbing. 

The  rails  were  new,  85  lb.  per  yd.,  and  were  carried  on  heavy  ties, 
which,  however,  were  spaced  at  greater  than  standard  distances.  After 
the  reconstruction  was  completed,  the  rails  were  taken  up  and  trans- 
ferred for  permanent  use  by  the  owner  in  l\imbering  operations. 

Despite  the  inferior  character  of  the  roadbed,  no  accidents  worthy 
of  note  occurred,  and  the  results  were  such  as  to  justify  what  might 
have  been  an  inadequate  expenditure  for  railroad  connection,  -had  it 
not  been  for  the  relatively  heavy  rails.  The  owner  supplied  a  42-ton 
geared  engine  from  his  West  Virginia  lumbering  operations,  and  three 
of  his  own  standard  40-ft.  flat  cars  which  were  used  principally  for 
transporting  rock  from  the  quarries  to  the  crushers.  The  engine  was 
able  to  handle  one  standard  loaded  box  car  at  a  time  up  the  maximum 
grade.    Fortunately,  the  grade  favored  in-bound  freight. 

A  Marsh-Capron  mixer,  of  f  cu.  yd.  capacity,  steam-engine  driven, 
mixed  the  concrete  and  delivered  it  into  buckets  of  li  cu.  yd.  capacity. 
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set  on  flat  cars.  These  cars  were  run  on  a  narrow-gauge  track  from 
the  mixer  out  to  a  point  near  the  west  abutment  of  the  dam  and  directly 
under  a  3-ton  Lidgerwood  cableway.  The  cableway  was  of  1  000  ft. 
span,  and  was  used  in  turn  to  deliver  the  buckets  of  concrete  either  to 
hoppers  and  chutes  for  distribution  laterally  and  under  the  deck  of  the 
original  structure,  or,  in  the  case  of  the  new  spillway  buttresses,  into 
wooden  bucket  cars  which  ran  on  portable,  narrow-gauge  tracks  along 
the  top  of  the  buttress  forms,  and  thus  allowed  the  concrete  to  be 
deposited  near  the  ends  of  the  forms.  The  cableway  was  also  of  general 
utility  in  shifting  equipment  and  forms,  transporting  reinforcing 
steel,  etc. 

Steam  was  furnished  both  from  a  main  plant,  consisting  of  two 
100-h.p.  boilers,  on  the  west  hillside  just  above  the  spur  railroad  track, 
and  also  from  smaller,  individual  boilers  placed  at  different  parts  of 
the  work  from  time  to  time,  according  to  immediate  needs.  Such 
boilers  were  especially  necessary  during  cold  weather  because  of  the 
condensation  in  the  long  pipe  line  from  the  main  boiler  plant.  The 
walkway  through  the  original  structure,  and  continuing  through  the 
new  spillway,  served  as  a  convenient  carrier,  on  which  were  placed 
water,  steam,  and  compressed  air  pipes  which  were  tapped  wherever 
necessary.  Water  was  supplied  from  a  duplicate  set  of  steam  plunger 
pumps  which  were  set  up  in  Bay  30  and  took  water  from  a  sump  fed 
from  the  river  by  the  20-in.  sluice-gates. 

An  8  by  10-in.  compressor  proved  to  be  a  great  utility,  especially 
in  connection  with  the  very  convenient  Inger soil-Ran d  "jack-hammer" 
drills.  The  latter  were  used  to  drill  holes  in  the  original  concrete,  for 
the  purpose  of  embedding  steel  dowels,  or  for  blasting — as  was  especially 
necessary  in  cutting  out  the  base  of  the  deck  to  allow  the  passage  of 
the  tie-steel  from  the  anchoring  wall  at  the  heel.  These  air  drills  were 
also  used  for  roughening  the  original  concrete  wherever  necessary. 
Operated  by  steam,  they  proved  only  fairly  satisfactory  for  drilling 
purposes  in  the  stone  quarries,  but  were  displaced  later  by  a  standard 
Sullivan  steam  drill. 

For  pumping,  an  8-in.  centrifugal  pump  and  a  portable,  gasoline- 
engine  driven,  4-in.  diaphragm  pump,  were  used  ars  much  as  possible, 
but  in  the  deeper  trenches  steam  siphons  were  used. 

Cold-Weather  Concreting  Precautions. — Concrete  was  placed 
throughout  the  winter  of  1914-15  under  temperatures  as  low  as   10° 
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Fahr.  The  principal  precautions  to  prevent  concrete  from  freezing 
were:  First,  the  water  used  in  mixing  the  concrete  was  heated  so  that 
the  temperature  of  the  mixed  batch,  after  being  away  from  the  mixer 
several  minutes,  was  about  55°  to  75°  Fahr.  The  water  was  heated  by 
live  steam  to  a  temperature  considerably  higher  than  that  last  men- 
tioned because  the  aggregate  absorbed  much  heat  from  the  mortar  of 
the  batch,  despite  the  fact  that  steam  pipes  were  used  in  the  sand  and 
crushed  stone  supply  bins  to  heat  these  materials  also. 

Secondly,  the  concrete  or  earth  surfaces  against  which  new  concrete 
was  to  be  poured  were  thawed  out  or  warmed.  This  was  accomplished 
with  a  jet  of  live  steam  which  at  the  same  time  served  to  clean  thor- 
oughly the  surfaces  of  old  concrete. 

Thirdly,  the  freslily  poured  concrete  was  covered  with  canvas.  The 
canvas  covering  was  usually  arranged  so  as  to  leave  an  air  space  which, 
under  especially  severe  temperatures,  or  with  thin  concrete,  was  warmed 
with  coal-burning  salamanders  or  gasoline  torches.  At  times,  also,  live 
steam  was  turned  in  under  the  covering  until  the  concrete  had  attained 
a  sufficient  set. 

As  the  result  of  such  precautions,  little  concrete  was  frozen.  Those 
surfaces  which  were  frost-bitten  were  usually  in  places  where  the  con- 
crete was  relatively  massive,  and  precautions  had  consequently  been 
relaxed. 

Cost. — Despite  the  fact  that  approximately  the  same  quantity  of 
concrete  was  placed  in  the  reconstruction  and  strengthening  as  in  the 
original  construction,  the  later  work  was  done  at  a  considerably  less 
total  cost,  due  principally  to  the  fact  that  much  of  the  new  concrete 
was  comparatively  massive.  Nevertheless,  the  new  work  required  more 
attention  and  care  than  if  the  work  had  been  entirely  of  a  standard 
nature  and  free  from  the  conditions  imposed  by  the  existence  of  the 
original  structure.  Only  about  25%  of  the  total  cost  of- the  reconstruc- 
tion and  strengthening  was  expended  in  rebuilding  (as  a  new  spillway) 
the  portion  of  the  dam  between  Buttresses  10  and  19.  Had  this  portion 
been  rebuilt  as  a  bulkhead  section,  rather  than  as  a  new  spillway,  the 
proportion  of  the  total  cost  involved  therein  would  have  been  even  less. 
The  remainder  of  the  cost  was  expended  in  strengthening  the  original 
structure  and  in  providing  features  which  had  not  at  first  been  pro- 
vided.    A   considerable  quantity   of   work,   especially   in  the  form  of 
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cut-oil  wall  underpinning-,  was  not  anticipated  at  the  beginning  of  the 
reconstruction. 

Due  to  the  facts  that  the  new  work  was  scattered  over  the  entire  site 
and  that  it  was  carried  on  through  the  winter,  the  unit  costs  were 
necessarily  high.  The  fact  that  the  work  did  not  conform  to  standards 
(except  in  the  case  of  the  new  spillway  superstructure,  which  constituted 
a  small  proportion  of  the  work)  also  contributed  to  such  high  unit 
costs.  For  the  same  reason,  the  unit  costs  are  not  of  general  value. 
Thus  the  monthly  average  costs  for  excavation,  exclusive  of  charges 
for  plant  and  overhead  expenses,  varied  from  $0.51  for  new  spillway 
channel  excavation  to  $7.68  per  cu.  yd.  for  excavation  required  for 
underpinning  the  original  cut-off  near  the  center  of  the  valley.  The  cor- 
responding costs  for  concrete  varied  from  $3.40  per  cu.  yd.  in  place  for 
Class  C  concrete  in  cut-off  extensions  to  $13.43  per  cu.  yd.  for  Class  B 
concrete  in  curtain-wall  and  roofs. 

The  results  attained  in  the  reconstruction  and  strengthening  of  the 
Stony  River  Dam  could  have  been  secured  at  far  less  cost — undoubtedly 
less  than  half  the  cost  of  reconstruction — had  the  features  involved  been 
incorporated  in  the  original  construction. 

Personnel. 

In  his  capacity  as  Consulting  Engineer  in  charge,  the  writer  made 
inspection  trips  to  the  work  about  twice  each  month,  after  the  recon- 
struction had  been  begun  in  earnest.  Mr.  D.  N.  Showalter  represented 
the  writer  as  Resident  Engineer  throughout  the  entire  reconstruction. 
!Mr.  C.  W.  Hotaling  was  Superintendent  of  Construction,  having  filled 
the  same  position  for  the  Ambursen  Hydraulic  Construction  Company 
after  it  took  over  the  original  construction  work  in  March,  1913. 

The  writer  desires  to  take  this  opportunity  to  express  his  apprecia- 
tion of  the  whole-hearted  co-operation  of  Messrs.  Showalter  and 
Hotaling,  as  well  as  of  the  executive  officers  of  the  West  Virginia  Pulp 
and  Paper  Company,  owner;  also  to  acknowledge  the  valued  advice  of 
Daniel  W.  Mead  and  C.  Y.  Seastone,  Members,  Am.  Soc.  C.  E.,  with 
whom  he  was  privileged  to  consult  on  several  occasions  during  the 
period  of  reconstruction. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This  Society  Is  not  responsible  for  any  statement  made  or  opinion  expressed 
in  its  publications. 


SUGGESTED  CHANGES  AND  EXTENSION  OF  THE 

UNITED  STATES  WEATHER  BUREAU  SERVICE 

IN  CALIFORNIA 


Keport  of  a   Committee  of  the   Southern  California   Association 

OF  Members. 

Discussion.* 


By  Messrs.  George  S.  Binckley  and  Charles  H.  LEE.f 


George  S.  Binckley,:}:  M.  Am.  Soo.  C.  E.  and  Charles  H.  LEE,t  Messrs. 
Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f — The  Committee  is  gratified    'and*'^ 
to  find  that  the  discussion  of  the  paper  has  been  constructive,  and  has     ^^®- 
covered  all  sides  of  the  subject.     The  Committee  has  been  actuated  by 
a  sincere  desire  to  get  at  the  truth  and  to  be  of  constructive  service. 
The  discussions  are  indicative  of  similar  motives. 

Although  none  of  the  Weather  Bureau  ofiicials  has  contributed 
formally  to  the  discussion  of  the  paper,  which  is  a  matter  of  regret, 
yet  the  members  of  the  Committee  have  had  informal  personal  discus- 
sions relative  thereto  with  the  present  Chief  of  the  Weather  Bureau, 
Professor  C.  F.  Marvin,  and  the  official  in  charge  at  Los  Angeles, 
Dr.  Ford  A.  Carpenter.  These  gentlemen,  though  not  always  in 
accord  with  the  conclusions  reached,  assisted  in  many  ways  in  amplify- 
ing the  Committee's  information.  The  members  of  the  Committee 
desire  to  express  their  appreciation  of  the  helpful  suggestions  and 
the  co-operative  attitude  of  these  gentlemen  toward  the  work. 

The  Committee  imderstands  that,  at  the  request  of  the  Cleveland 
Association  of  Members,  the  Local  Forecaster,  Mr.  William.  H.  Alex- 

*  Discussion  of  the  paper  by  George  S.  Binckley,  M.  Am.  Soc.  C.  E.,  and  Charles 
H.  Lee,  Assoc.  M.  Am.  Soc.  C.  E.,  continued  from  November,  1916,  Proceedings. 
t  Authors'  closure. 
t  Los  Angeles,  Cal. 
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Messrs.  ander,  of  Cleveland,  Ohio,  addressed  that  organization  on  the  subject 
and**^  of  its  paper.  The  Committee  has  not  been  furnished  with  a  copy  of 
^^^-  this  address,  but  was  kindly  loaned  one  by  Dr.  Ford  A.  Carpenter, 
from  his   office  files. 

Before  proceeding  further,  the  Committee  wishes  to  make  clear 
three  points  in  which  the  paper  may  have  misled  those  who  read  it. 

First,  the  title  and  presentation  of  data  might  indicate  that  the 
Committee's  findings  and  suggestions  applied  particularly,  or  even 
solely,  to  the  State  of  California.  This  was  far  from  the  Committee's 
intention,  however,  as  it  is  recognized  that  California  enjoys  its  share 
— and  a  very  full  share — of  the  effort  and  funds  at  the  disposal  of  the 
Weather  Bureau,  and  that  the  local  Weather  Bureau  officials  are 
doing  all  in  t;heir  power  to  obtain  and  distribute  the  information 
desired  by  the  engineers  of  the  State.  The  conditions  set  forth  in 
the  paper  were  regarded  as  typical  of  all  the  Western  States,  and  also 
the  Central,  Eastern,  and  Southern  States.  California  was  chosen 
for  detailed  investigation  because  of  the  greater  degree  of  first-hand 
knowledge  thereof  possessed  by  the  Committee.  That  there  is  equal 
need  for  greater  study  of  rainfall  in  the  region  east  of  the  Rocky 
Mountains  is  indicated  by  the  strong  editorial  which  recently  appeared 
in  one  of  the  leading  engineering  journals.* 

Second,  the  Committee  does  not  wish  its  advocacy  of  improvement 
in  the  mountain  climatological  work  of  the  Weather  Bureau  to  be 
interpreted  as  supporting  the  idea  that  precipitation  data  collected  at 
properly  located  mountain  stations  will  yield  all  the  information  as  to 
water  supply  and  its  variations  needed  for  the  design  of  hydraulic 
structures  and  projects.  On  the  contrary,  the  Committee  is  in  full 
accord  with  Mr.  N.  C.  Grover's  statement,  that  stream-flow  records 
furnish  the  most  reliable  data  for  this  purpose.  It  is  unfortunately 
the  case,  however,  that  the  establishment  of  stream-gauging  stations 
must  be  limited  to  one  or  two  points  on  the  larger  streams,  on  account 
of  the  first  cost  and  the  upkeep.  There  are  many  projects,  however, 
both  public  and  private,  which  depend  on  the  supply  from  the  tribu- 
taries of  large  streams,  or  from  small  streams.  There  are  also  many 
short  stream-gauging  records  which  do  not  extend  over  years  of 
deficient  precipitation,  and,  without  proper  corrections,  are  likely  to  be 
as  misleading  as  precipitation  records  unsupported  by  stream-flow 
data.  To  fill  these  deficiencies,  precipitation  records  judiciously  used 
in  conjunction  with  the  available  stream-flow  records  are  of  great 
value,  and  afford  the  only  adequate  information,  obtainable  at  reason- 
able cost,  with  which  to  supplement  insufficient  stream-flow  records. 
It  is  toward  the  filling  of  this  gap,  which  every  hydraulic  engineer  in 
the  West  at  least  recognizes  as  a  serious  one,  that  the  Committee's 
efforts  are  directed. 

*  Engineering  News,  August  17th,  1916,  p.  321. 
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Third,  the  Committee's  primary  idea,  in  formulating  its  sugges-  Messrs. 
tions  for  improvement  of  the  Weather  Bureau  Service,  was  not  an  'and^^ 
increase  in  the  volume  of  data  collected,  although  that  might  be  an  ^^^• 
incidental  result,  but  an  improvement  in  quality,  to  be  obtained  by  a 
more  studied  choice  of  locations  at  which  data  are  observed,  and 
more  intensive  study  and  interpretation  of  the  data  thus  obtained. 
For  instance,  in  the  matter  of  precipitation  data,  the  hydraulic  engi- 
neer wants  to  know:  First,  the  average  annual  areal  precipitation  for 
all  portions  of  a  given  drainage  area,  and  the  annual  variations  there- 
from; and  second,  the  monthly,  daily,  and  hourly  precipitation  at  one 
or  more  points  in  the  area,  depending  on  its  size.  As  Mr.  W.  S.  Post 
well  suggests,  this  information  can  be  obtained  for  Pacific  Coast 
mountain  drainage  areas  by  determining  the  shape  of  the  isohyetose 
lines  from  a  few  years  records  at  a  number  of  well-selected  stations, 
after  which  one  or  two  base  stations  would  provide  all  the  information 
needed.  (This,  of  course,  would  not  be  sufficient  for  regions  where 
a  large  proportion  of  the  annual  rainfall  occurs  in  detached  local 
storms  covering  limited  areas.)  By  working  out  a  progressive  pro- 
gramme for  a  State  along  these  lines,  the  total  number  of  stations 
reporting  at  any  one  time  could  be  kept  constant,  although  the 
geographical  location  of  stations  would  vary.  As  contrasted  with 
such  a  programme,  there  is  the  present  more  or  less  haphazard  distri- 
bution of  rainfall  stations,  without  regard  to  the  ultimate  usefulness 
of  the  record.  The  Committee  recognizes  the  fact  that  to  plan  and 
execute  such  a  programme  would  require  much  intelligent  study  and 
supervision  by  a  practical  and  technically  trained  field  man.  The 
Committee  wishes  to  emphasize  again,  however,  that  its  efforts  are 
actuated  by  a  desire  to  see  generally  inaugurated  a  progressive,  prac- 
tical, co-operative,  and  broad  handling  of  meteorological  problems,  to 
the  end  that  these  problems  may  be  solved.  Mechanically  observing 
data  for  the  sole  purpose  of  tabulation  and  accumulation  in  the 
archives  does  not  solve  these  problems,  no  matter  how  many  stations 
are  reporting. 

The  Committee  wishes  to  correct  an  error  which  was  inadvertently 
made  in  the  paper.  The  number  of  co-operative  stations  in  California 
reporting  precipitation  in  1913,  as  shown  by  the  Annual  Summary,  is 
practically  300,  instead  of  192.  Of  these  stations  8%  are  within 
25  miles  of  the  coast,  43%  are  in  interior  valleys  and  foot-hills,  7% 
are  in  the  Great  Basin  and  Desert,  and  42%  (instead  of  29%)  are  in 
regions  of  broken  topography  where  elevations  exceed  2  000  ft.  Of 
these,  approximately  30  (instead  of  21  as  stated),  were  above  4  000  ft. 
Hence,  out  of  the  total,  10%  can  be  considered  as  mountain  stations. 
It  should  also  be  stated  that  subsequent  to  1913  there  have  been  pub- 
lished reports  of  snowfall  data  at  from  40  to  50  stations  in  the  Sierra 
Nevada  Mountains.     These  data  have  been  expressed  in  snow  depths, 
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Messrs.  however,  and  not  in  terms  of  equivalent  water,  so  that  they  are  of 
BincWey  y[h\q  use  for  water  supply  estimates. 
Lee.  ^]jg  individual   discussions  will  now  be  taken  up   in   detail:   Mr, 

Grover*  suggests,  as  the  reason  that  so  few  records  have  been  obtained 
by  the  Weather  Bureau  in  mountainous  regions,  the  difficulty  in 
devising  self-regulating  instruments.  The  Committee  believes  that, 
due  to  the  rapid  development  which  has  occurred  in  the  West  during 
the  past  few  years,  there  would  be  found  many  more  reliable  observers 
in  mountain  areas  than  might  be  supposed.  This  has  been  the  expe- 
rience of  the  members  of  the  Committee.  The  Committee  respect- 
fully suggests  that,  if  the  local  officers  of  the  Weather  Bureau  were 
given  more  assistants  and  were  allowed  to  become  intimately  familiar 
with  the  mountain  portions  of  their  districts,  many  good  observers 
could  be  found,  in  areas  from  which  records  are  at  present  lacking,  by 
obtaining  the  co-operation  of  such  local  residents  and  by  the  establish- 
ment of  stations  in  the  isolated  areas  in  charge  of  trained  men.  As 
the  Committee  has  suggested,  it  should  be  entirely  feasible  to  obtain 
the  desired  records  within  a  reasonable  cost  without  waiting  for  the 
development  of  automatically  recording  instruments.  The  Commit- 
tee has  already  commented  on  Mr.  Grover's  reference  to  the  possible 
misinterpretation  of  its  original  report,  and  wishes  here  to  express  its 
appreciation  to  Mr.  Grover  for  having  brought  out  this  matter  with 
such  clearness. 

Mr.  Post's  discussionf  contains  several  very  practical  suggestions 
which  are  especially  valuable,  as  they  are  drawn  from  his  experience 
in  making  rainfall  and  run-off  observations  over  a  large  area  of  moun- 
tain drainage.  With  regard  to  the  publication  of  early  records,  of 
which,  as  Mr.  Post  states,  many  exist  in  California,  it  has  been  stated 
to  the  Committee,  by  the  Chief  of  the  Weather  Bureau,  that  if  a  suffi- 
cient volume  of  such  data  be  assembled  and  compiled  by  the  Local 
Association,  and  presented  to  the  Weather  Bureau,  the  latter  will 
undertake  their  publication  in  bulletin  form  under  separate  cover. 
The  Committee  is  still  engaged  in  gathering  data  of  this  character, 
and  will  appreciate  any  which  members  or  others  may  be  able  to 
furnish. 

Mr.  Charles  T.  Leeds:}:  brings  out  very  clearly  the  diversity  of 
work  which  has  been  assigned  by  law  to  the  Weather  Bureau,  and  the 
limitations  under  which  it  is  working  with  respect  to  the  needs  of  the 
water  supply  interests  of  the  West.  The  force  of  his  statements  has 
been  brought  home  to  the  Committee  by  its  own  investigations,  and 
it  fully  agrees  that  the  proper  method  of  obtaining  desired  improve- 
ments is  through  Congressional  action;  and  furthermore,  that,  "The 

*  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1915,  p.  927. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1915,  p.  1219. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  August,  1915,  p.  1587. 
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Engineering  Profession  is  probably  in  a  better  position  to  bring  this  Messrs. 
to  the  attention  of  Congress  than  any  other  body  of  men."  Mr.  Leeds  'and^^ 
has  done  well  to  mention  the  many  lines  of  special  research  work  ^^^• 
undertaken  by  the  Weather  Bureau.  With  regard  to  the  evaporation 
studies  made  by  that  Bureau  at  Salton  Sea  about  6  years  ago,  however, 
attention  is  drawn  to  the  fact  that  the  data  thus  obtained  have  never 
been  made  available  to  the  public.  The  Committee  agrees  with  Mr. 
Leeds  that  stations  for  the  collection  and  distribution  of  climatic 
information  should  be  maintained  in  the  centers  of  population.  The 
Committee  believes,  however,  that  fully  equipped  (or  regular)  observa- 
tion stations  should  be  at  a  distance  from  buildings  and  other  objects 
and  influences  which,  in  cities,  cause  abnormal  conditions.  The  Com- 
mittee suggests  that  both  requirements  could  be  met  by  establishing 
regular  stations  in  Government-owned  biiildings  and  on  Government- 
owned  land,  at  the  military  and  lighthouse  reservations,  of  which 
many  exist  on  the  Pacific  Coast,  for  example,  the  Presidio  at  San 
Prancisco,  Point  Arguello  near  San  Luis  Obispo,  Fort  Rosecrans  at 
San  Diego,  etc.  There  are  military  reservations  adjoining  practically 
all  large  coast  centers  of  population,  at  which  communication  is  fully 
as  good  as  in  the  congested  business  district.  The  maintenance  of 
such  stations  would,  without  doubt,  be  less  than  that  of  the  expensive 
office  quarters  usually  occupied  by  the  Weather  Bureau,  and,  in  addi- 
tion, the  abnormal  conditions  existing  on  top  of  office  buildings  would  be 
eliminated,  without  sacrificing  the  requirement  of  easy  communication. 
The  Committee  has  not  been  unaware  of  the  course  traveled  by 
the  typical  storm  centers  of  this  continent,  as  suggested  by  Mr.  Leeds, 
but  believes  that,  by  reason  of  the  large  diameter  of  these  storm  cen- 
ters, atmospheric  changes  occur  no  later  on  the  west  slopes  of  the 
mountain  ranges  of  the  Pacific  Coast  than  they  do  on  the  Coast  itself, 
and  that  records  obtained  from  judiciously  selected  mountain  stations 
would  be  of  just  as  great  value  in  forecasting  weather  conditions.  In 
this  matter,  however,  the  Committee  heartily  agrees  with  Mr.  Tibbetts.* 
that 

"Two  observation  stations  in  the  ocean  would  be  of  more  value, 
in  predicting  several  days  in  advance  the  occurrence  of  heavy  storms, 
than  all  the  present  stations  in  California  combined." 

The  Committee  is  indebted  to  Mr.  Tibbetts  for  his  valuable  and 
instructive  suggestions,  as  they  represent  the  experience  and  viewpoint 
of  an  engineer  familiar  with  conditions  in  Central  and  Northern 
California. 

In  connection  with  Mr.  Tibbett's  suggestion,  it  is  proper  to  call 
attention  to  the  fact  that,  in  the  course  of  an  oral  discussion  of  the 
matter  at  a  meeting  of  the  Southern  California  Association  of  Mem- 

*  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916,  p.  382. 
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Messrs.  bers  of  the  American  Society  of  Civil  Engineers,  William  Mulholland, 
^'and'^^  M-  -^iii-  Soc.  C.  E.,  made  the  suggestion  that  naval  vessels  be  used 
Lee.  fQj.  ^Y^Q  purpose  of  observing  and  reporting  by  wireless  weather  condi- 
tions off  the  coast.  Though  it  seems  to  the  Committee  that  the 
primary  objects  of  the  naval  establishment  would  probably  interfere 
with  regular  service  of  this  character,  such  information  as  might  be 
given,  incident  to  the  position  of  the  vessel,  would  certainly  be  of 
high  value.  A  much  broader  and  more  comprehensive  service  could 
be  obtained  very  readily,  however,  by  establishing  the  practice  of  com- 
municating, through  the  Government  wireless  stations,  with  all  ship- 
ping within  range  of  the  station,  whether  it  be  naval,  coastwise,  or 
deep-sea.  The  simple  request  of  the  American  Consul  at  a  foreign 
port  would  be  quite  sufficient,  in  a  vast  majority  of  cases,  to  insure 
the  prompt  attention  of  shipmasters  to  wireless  inquiries  from  our 
Government  stations,  as  to  their  position,  direction  of  wind,  baro- 
metric pressure,  temperature,  etc.,  and,  with  such  a  custom  of  com- 
munication established,  the  reciprocal  advantage  to  the  shipmasters 
would  be  correspondingly  great.  The  utilization  of  such  a  source  of 
meteorological  data  would  involve  practically  no  expense,  would  call 
for  no  additional  plant  or  labor,  and,  the  Committee  believes,  would 
result  in  a  very  great  improvement  in  the  advance  with  which  condi- 
tions could  be  forecast,  and  in  forecasts  of  far  greater  reliability. 

Mr.  Lippincott  has  well  expressed  the  administrative  policy  of  the 
Weather  Bureau  with  respect  to  the  West.  The  visit  of  the  present 
Chief  of  the  Weather  Bureau  to  the  Pacific  Coast  in  1915,  and  the 
recent  extension  of  the  mountain  climatological  work  of  that  Bureau 
in  Southern  California,  would  indicate,  however,  that  an  effort  is 
being  made  by  the  present  administration  to  bring  about  a  change  for 
the  better.  The  Committee  can  agree  with  Mr.  Lippincott  that  the 
reason  so  few  field  inspection  trips  are  made,  by  local  officers  of  the 
Weather  Bureau,  is  because  of  the  "system".  Before  a  local  officer 
can  leave  his  station  for  official  business  of  any  kind,  no  matter  how 
trivial,  he  must  go  through  a  long  process  of  correspondence  with  the 
Washington  office.  This  sometimes  consumes  a  month,  and  even  then 
the  authorization  is  frequently  curtailed,  and  is  often  denied.  There 
is  small  wonder,  therefore,  that  co-operative  records  are  often  broken 
or  discontinued.  Such  stations  should  be  visited  at  least  once  a  year, 
and  at  no  pre-arranged  time,  in  order  to  insure  accurate  results  and 
the  active  co-operation  of  the  observer. 

As  a  result  of  the  discussions  and  the  Committee's  further  inves- 
tigation of  the  subject,  it  is  believed  that  the  following  general  con- 
clusions are  warranted: 

1. — That  the  law  creating  the  United  States  Weather  Bureau  pre- 
scribes a  wide  range  of  duties,  among  which  the  gathering 
of  precipitation  records  is  but  incidental. 
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2. — That  there  is  an  urgent  demand  among  engineers,  throughout  Messrs. 
the   United   States,    for    more    complete    precipitation    data    'and^'' 
throughout  mountain  drainage  areas,  to  be  used  in  conjunc-      ^'*^*^- 
tion  with  stream-flow  data. 

3.— That  the  present  fiscal  regulations,  organization,  and  admin- 
istrative policy  of  the  Weather  Bureau  are  not  adapted  to 
the  task  of  gathering  complete  precipitation  data  of  the  char- 
acter desired  by  engineers. 

4. — That  Congressional  action  should  be  sought,  either  to  change 
the  organization  of  the  Weather  Bureau,  so  that  the  desired 
result  can  be  accomplished,  or  else  that  the  duty  of  observing 
all  factors  affecting  stream  flow  be  turned  over  to  the  Water 
Resources  Branch  of  the  United  States  Geological  Survey, 
with  the  appropriation  of  sufficient  additional  funds  to  carry 
on  the  work  efficiently. 

The  Committee  is  continuing  its  studies  in  this  matter,  and  its 
conclusions  and  suggestions,  as  just  stated,  are  not  to  be  considered 
final.  The  question  of  the  establishment  of  a  Bureau  of  Public 
Works,  which  shall  co-ordinate  all  engineering  activities  of  the  Federal 
Government,  and  prevent  the  present  duplication  of  effort,  is  believed 
worthy  of  careful  study.  Any  further  suggestions  from  the  member- 
ship of  the  Society  bearing  on  these  matters  will  be  greatly  appre- 
ciated by  the  Committee. 
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By  G.  N.  Houston,  M.  Am.  Soc.  C.  E. 


G.  ISr.  Houston,!  M.  Am.  Soo.  C.  E.  (by  letter).:}: — Irrigation  devel-  Mr. 
opment  comes  under  one  of  two  classes:  that  affecting  areas  where  o"®''"^* 
irrigation  is  a  necessity,  and  that  affecting  areas  where  it  is  only 
desirable.  Irrigation  is  a  necessity  where,  other  conditions  being  favor- 
able, the  precipitation  is  insufficient  to  produce  a  profitable  crop.  It  is 
desirable  where  the  precipitation,  other  conditions  being  favorable,  is 
insufficient  to  produce  the  maximum  profitable  yield  of  the  particular 
crops  adapted  to  the  region. 

The  possibilities  under  the  first  class  have  been  about  exhausted, 
except  as  the  area  is  extended  by  conserving  the  water  and  rendering 
it  more  efficient  in  crop  production.  Under  the  second  class,  there 
is  a  great  deal  yet  to  be  accomplished. 

It  has  not  been  considered  necessary  to  make  any  extensive  study 
of  the  climatic  conditions  in  connection  with  irrigation  development 
in  the  United  States,  because  the  projects  have  been  nearly  all  con- 
fined to  the  arid  and  semi-arid  districts,  where  the  desirability  of 
irrigation  had  been  demonstrated  in  a  small  way  by  the  individual 
farmer,  or  by  the  small  community  of  settlers.  It  was  assumed  that 
like  benefits  would  accrue,  in  this  district,  wherever  water  could  be 
applied  to  arable  land,  and  the  engineer  has  been  concerned  prin- 
cipally with  transporting  and  applying  this  water. 

In  connection  with  projects  of  the  second  class,  however,  that  is, 
where  irrigation  is  not  a  necessity  but  is  simply  desirable  for  increasing 

*  Discussion  of  the  paper  by  F.  H.  Peters,  Assoc.  M.  Am.  Soc.  C.  E.,  continued  from 
November,  1916,  Proceedings. 
t  Denver,  Colo. 
t  Received  by  the  Secretary,  January  6th,  1917. 
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Mr.  the  yield  of  an  already  profitable  crop,  the  development  is  reaching 
ous  on.  ^^^  -^^^  ^Y^^  more  or  less  humid  regions,  and  the  question  of  desir- 
ability is  becoming  more  and  more  complicated.  In  these  cases  a  study 
of  the  climatic  conditions  is  necessary,  especially  with  regard  to  the 
precipitation,  in  order  to  determine  whether  the  probable  additional 
profits  due  to  irrigation  would  be  sufficient  to  justify  the  cost  of  the 
system. 

Monthly  averages  of  the  precipitation  as  published  do  not  furnish 
the  necessary  data  for  this  study.  The  daily  distribution  of  the  rainfall, 
or,  in  other  words,  the  occurrence  of  drought  periods  during  the  crop- 
ping season,  must  be  considered,  as  this  is  the  chief  factor  affecting 
the  yield  of  the  crop.  In  connection  with  the  work  of  which  the 
paper  treats,  the  writer  had  occasion  to  make  such  a  study  of  the 
climatic  conditions  of  several  points  in  Southern  Alberta  and  Northern 
Montana,  a  summary  of  which  is  given  in  Table  5.  A  graph  was 
made  showing  the  daily  rainfall  during  11  years  for  each  of  the  loca- 
tions, and  the  drought  periods  were  picked  out.  Column  1  shows  the 
length  of  each  period;  Column  2  shows  the  total  precipitation  which 
occurred  during  each  drought;  Column  3  shows  the  number  of  days 
during  the  drought  on  which  rain  fell;  and  Column  4  shows  the 
maximum  rainfall  on  any  one  day  during  the  drought. 

The  effect  which  a  period  of  light  rainfall  may  have  on  a  crop 
depends  on  a  number  of  factors,  such  as  the  rate  of  evaporation,  as 
affected  by  humidity  and  wind  velocity,  the  kind  of  crop  and  the 
stage  of  its  growth,  the  general  texture  of  the  soil,  and  whether  or 
not  it  has  had  any  preparation  to  receive  and  conserve  the  moisture. 
These  matters  must  be  given  due  weight  in  determining  the  desirability 
of  irrigation  especially  on  those  tracts  where  the  climatic  conditions 
are  nearly  humid. 

In  the  development  of  irrigation  projects,  too  little  attention  has 
been  paid  to  the  character  of  the  soil  of  the  land  proposed  to  be  put 
under  water.  This,  however,  is  simply  one  phase  of  the  general 
tendency  of  the  promoter,  the  investor,  and  in  many  cases  the  engineer, 
to  disregard  the  conditions  under  which  the  investment  is  to  be  re- 
turned. Large  expenditures  have  been  made  in  order  to  deliver  water 
to  land  the  character  of  which,  except  as  regards  surface  appearance, 
has  been  practically  untnown. 

Some  of  this  land  is  impregnated  so  heavily  with  alkaline  salts 
that  it  cannot  produce  sufficient  under  irrigation  to  return  interest 
on  the  investment.  Where  the  alkali  shows  on  the  surface  in  large 
white  patches,  there  is  little  danger  of  the  land  being  included  in  an 
irrigation  scheme  without  provision  being  made  for  its  reclamation. 
The  subsoil,  however,  may  be  very  heavily  impregnated  and  there  may 
be  very  slight  indications,  or  none  at  all,  on  the  surface,  until  after 
the  project  is  in  operation,  when  the  salts  are  brought  to  the  surface 
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SOIL  INVESTIGATION      FIELD  NOTES 

(a)  Apparatus  used  in  collecting.     jyoiJ,  -  Jiofj^  oU^^^'-  "h^  6 

(b)  Approx.   distance   from  Stream,   Lake,   or  other  water;aiirw^5'Hti.?t  vS. 

(c)  Appros.  elevation  above  or  below  water;  2.o'-^^•^''^^^^^''--i<>^^-».~^•o<-/o'a.^-o^^e^a.£<>^^ 

(d)  Land— In  Crop — Summorfallow- Unbroken    Formerly  cropped  but  idle. 

(e)  Present   Crop      'T'lovu-   Esecptioimlly   good,    Ciood.    Average,    Poor. 

(f)  If  unbroken,    characteh    of   native    vegetation;  ^:'->^oJoi^  5>tx,fc^ 

(g)  Irrigated  Unirrigated 

(h)  If   irrigated,    the  date  of  last  appllcatioa  of   water 

(i)  Date    of   last  rainfall  on  the  area;  J-'-'^^''-^'  9--'^,/?/^ 

(j)  Are   conditions   where    sample   is   taken    average    for   the   \i    section  ? 

i^!^  "^  -*«^  <#  J^^d  JiL^  dM^ 

(k)  Does   white    alkali  appear   on   the   surface?    ^^i^ ,  JJt^^^AJ^  Jyy'^<^J^cyoXi<ryvb . 

(1)  Has   it  affected   the   vegetation  ?  yjj*;  a,j^t<^  ,.,S/t'1'1<U^.,.<J<ia^  -<ywi«. 

(m)  Remarks;  vjit^  A^ki/i^  ^^.^juk  aA,»v^Av«t  /^y^J^  Jbd^Ai    '^^^yjiA'i.crUjL,  oyO/nri.  eA,v-i^  H- 
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(n)    Depth  of  the  surface  soil,    O.if  -^■ 
(o)    Depths  to  which  roots  penetrate;      6.0  M 
(p)    Depth  to  the  water  table;         5' 6'/^ 

Remarks;  ^^CtrGi.  -fUZ.  ^^^  aX  A4u^  y&D^ttwi^^y,  ajia^f>nAxAAMM.'^/''''^^  Ji<>.^v<^- 

Location  of  Sample. 
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Asst.  Field  Eng. 

Eng.  in  Charge 

i&.  9V.  '1  Section  7-15-26 


Fig.  8. 


Houston, 


Papers.]  DISCUSSION  ON  CLASSIFICATION  OF  IRRIGABLE  LANDS  291 

by  the  direct  application  of  water  or  seepage  from  a  near-by  ditch.  The  _  Mr. 
result  is  that  the  investor  suddenly  realizes  that  he  will  be  obliged  to 
build  an  expensive  drainage  system,  to  wash  out  the  alkali,  or  cut 
out  this  land  entirely  from  the  project.  In  the  latter  case,  in  order 
that  the  investment  shall  be  returned,  the  remaining  land  must  be 
burdened  with  an  additional  tax,  in  proportion  to  the  part  excluded, 
which  possibly  it  is  not  able  to  stand. 

No  irrigation  project  should  be  built  until  a  careful  study  of  the 
soil  conditions  has  been  made,  not  only  in  regard  to  the  topography 
and  alkaline  content,  but  also  a  classification  as  to  its  general  texture 
and  fertility.  With  data  of  this  kind  as  a  basis,  the  prices  of  the  various 
classes  of  land  can  be  fixed,  and  a  variable  system  of  payments  arranged 
so  that  there  will  be  a  reasonable  possibility  of  the  settler  meeting 
his  obligation  from  the  produce  of  the  land. 

In  the  case  under  discussion,  a  typical  sample  of  the  field  notes 
of  the  soil  investigations  is  shown  in  Fig.  8. 

A  post-hole  digger  was  found  to  be  most  satisfactory  for  obtaining 
the  samples,  although  several  kinds  of  soil  augers  were  tried.  The 
depth  of  the  hole  was  usually  6  ft.  Samples  were  taken  whenever  the 
soil  changed  in  color  or  texture.  These  were  packed  in  1-qt.  glass 
preserve  jars,  in  order  to  retain  their  moisture  content,  and  shipped 
to  the  Dominion  Chemist  for  analysis. 

The  maps  were  carried  in  the  field  in  a  galvanized-iron  case,  hinged 
at  the  right  side  and  having  a  beaver-board  back.  The  following  abbre- 
viations were  used  in  the  soil  investigation  field  notes. 


W  £. 

Very  wet.        Water  in  the  hole. 

W. 

Wet.                  Water  will  drip  from  sample. 

D&. 

Very  damp.     Water  can  be  squeezed  from  sample. 

D. 

Damp.               Slightly  soggy. 

D—. 

Less  damp.      Putty-like. 

M. 

Average  soil  mixture. 

P. 

Dry  and  powdery. 
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THE  YALE  BOWL 

Discussion.* 


By  Henry  C.  Hitt,  Assoc.  M.  Am.  Soc.  C.  E. 


Henry  C.  Hitt,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  writer  Mr. 
has  been  very  much  interested  in  this  particularly  well  written  descrip-     '  " 
tion   of  an  unusual  piece  of  construction.     The  author  has  given  a 
very  complete  and  satisfactory  description,  full  of  the  data  one  wants, 
of  the  details  of  the  design  and  of  the  construction  methods. 

The  design  certainly  appears  to  be  very  successful.  The  "bowl" 
shape  is  an  outdoor  adaptation  of  old  principles  of  auditorium  design, 
and  \uidoubtedly  provides  the  most  ideal  seating  scheme,  as  well  as 
being  architecturally  beautiful.  It  is  strange  that  it  has  not  been 
used  more  frequently  with  other  stadia.  The  slate-colored  concrete, 
with  a  trim  of  the  inner  retaining  wall  and  the  tunnel  portals  in  natural 
color,  the  comfortable  seats,  the  beautiful  elliptical  shape,  and  the 
careful  orientation  as  to  the  afternoon  sun,  must  all  go  to  make  the 
structure  a  credit  to  every  one  responsible. 

The  author,  in  comparing  the  Bowl  with  other  modern  stadia,  states 
that  it  is  probably  the  cheapest  per  sitting  unit.  In  this,  however,  he 
is  in  error,  as  the  Tacoma  Stadium,  which  the  Bowl  resembles  in  some 
ways,  has  cost,  completely  equipped,  only  about  85%  of  what  the 
Bowl,  in  its  unfinished  condition,  with  a  portion  of  the  seats  temporary 
and  the  dressing  rooms  not  built,  is  reported  by  the  author  to  have  cost, 
per  unit  of  seating  capacity. 

*  Discussion  of  the  paper  by  Charles  A.  Ferry,  M.  Am.  Soc.  C.  E.,  continued  from 
December,  1916,  Proceedings. 

t  Seattle,  Wash. 

t  Received  by  the  Secretary,  January  5th,  1917. 
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Mr.  Thus  far,  the  total  cost,  of  every  kind,  of  the  Taeoma  structure, 
•  built  in  1910,  has  been  $147  000,  and  an  estimate  of  the  seating  capacity, 
based  on  the  same  assumptions  as  used  by  the  author,  is  23  784,  giving 
a  imit  cost  of  $6.20.  The  architects  claim  a  seating  capacity  of  32  000, 
and  more  than  35  000  people  have  actually  occupied  the  stadium  at 
one  time,  with  none  of  them  on  the  field,  but  part  of  them  standing. 
The  site  has  also  a  reserve  capacity  of  about  15  000,  as  the  sodded 
terraces  rise  for  43  ft.  above  the  top  of  the  seats  around  more  than 
half  the  perimeter,  at  a  proper  slope  for  future  seating  as  the  needs 
of  the  rapidly  growing  city  demand  it.  The  addition  of  these  seats 
would  materially  cut  down  the  unit  cost  of  the  whole. 

The  two  structures  were  designed  to  fill  widely  different  conditions, 
but  are  similar  in  the  result.  The  fields  are  of  practically  the  same 
area,  but  where  the  Yale  Bowl  was  designed  strictly  for  football  and 
seating  capacity,  with  few  or  no  limiting  conditions,  the  site  of  the 
Taeoma  Stadium  was  limited,  and  the  field  had  to  be  adapted  for  the 
general  use  of  the  people  and  the  adjoining  High  School,  for  track 
work,  football,  baseball,  pageants,  concerts,  or  political  meetings.  This 
made  a  complicated  problem,  which  was  most  happily  solved. 

The  seating  scheme  is  similar  to  one  end  only  of  the  Yale  structure, 
with  every  occupant  able  to  see  the  whole  field,  and  most,  if  not  all, 
the  audience.  At  Taeoma,  however,  the  designers  had  a  natural 
location,  of  which  they  took  the  fullest  advantage.  The  site  is  on  a 
promontory  in  the  very  heart  of  the  city,  with  the  playing  field  140 
ft.  above  the  harbor.  From  the  Stadium  seats  one  gets  a  view  probably 
not  equalled  by  that  from  any  similar  structure.  Spread  before  the 
spectator  is  a  magnificent  sweep  of  busy  Taeoma  Harbor,  green  hills, 
and  snow-clad  mountains.  The  Stadium  is  flanked  on  each  side  by 
beautiful  buildings  rising  above  the  seats,  on  one  side  the  Stadium 
High  School  and  on  the  other  the  State  Historical  Museum. 

Although  the  site  was  naturally  somewhat  adapted  to  the  purpose, 
there  was  a  very  large  quantity  of  excavation,  more  per  unit  of  seating- 
capacity  than  with  the  Yale  Bowl,  and  about  two-thirds  of  it  proved 
to  be  very  hard  cemented  gravel.  All  the  seats  are  carried  on  columns 
and  radial  girders  about  20  ft.  apart,  the  risers  of  the  seats,  3J  in. 
thick,  reinforced  with  a  structural  frame  carrying  the  seat  load  between 
the  girders.  Part  of  the  columns,  at  the  outer  end,  are  carried  on 
piling,  and  part  of  the  field  at  this  end  is  a  fill  of  147  ft.,  but  there 
has  been  no  trouble  from-  settlement. 

Twenty-eight  arc-light  projectors  are  placed  around  the  field  above 
the  seats,  and  twelve  more  are  suspended  by  cables,  high  above  the 
field,  affording  ample  light  for  evening  performances.  The  acoustics 
are  very  fine,  and  concerts  have  been  entirely  successful.  The  stadium 
is  fully  equipped  with  dressing  rooms,  and  comfort  stations  for  the 
spectators. 
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The  principal  quantities  were,  approximately :  Mr. 

Tlitt 

Earthwork    185  000  cu.  yd. 

Reinforced   concrete 10  000  cu.  yd. 

Reinforcing  steel 160  tons,  plus 

Clinton  fabric 130  000  sq.  ft. 

Area  of  field 3.6  acres 

The  Tacoma  Stadium  was  built  by  the  Tacoma  School  Board,  Mr. 
Frederick  Heath  having  been  the  architect,  and  Mr.  L.  A.  Nicholson 
the  engineer. 
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THE  VALUATION  OF  LAND 

Discussion.* 


By  J.  S.  Walker,  Esq. 


J.  S.  Walker,!  Esq. — The  speaker,  until  lately,  has  been  connected  Mr. 
with  the  Tax  Department  of  Jersey  City,  and  in  his  position  witnessed 
many  contests  between  the  City  and  the  corporations.  In  connection 
therewith  he  has  heard  able  men  discuss  the  various  phases  of  this 
question.  He  realizes  the  fact  that  this  paper  represents  a  great  deal 
of  study,  is  to  the  point,  and  is  correct. 

The  most  interesting  feature  is  the  theory  of  the  value  of  the 
fractional  part  of  a  lot.  As  Mr.  Kelly  has  stated,  Hoffman's  opinion, 
in  1870,  was  that  the  front  half  of  a  lot  was  worth  two-thirds  of  its 
total  value.  Hoffman  produces  a  series  of  numbers;  as  to  how  he 
derived  them  we  are  not  told,  but  they  happen  to  be  a  series  representing 
a  conic  section. 

The  conversion  of  Mr.  Bernard's  150-ft.  rule  into  the  100-ft.  rule 
by  Mr.  Jerrard,  agrees  with  the  Hoffman  Rule,  which  the  speaker  thinks 
is  very  peculiar. 

The  little  investigating  the  speaker  has  done  tends  to  show  that 
the  problem  of  the  relation  of  depth  to  value  results  in  an  equation 
of  the  second  degree,  between  two  variables,  and  is  an  equation  of  a 
conic  section. 

In  practice  a  curve  is  constructed  or  adopted,  and,  under  certain 
conditions  if  it  gives  too  much  or  not  enough  value,  some  other  curve 
is  copied  in  whole  or  in  part.  The  curve  then  varies  in  such  a  manner 
that  it  cannot  be  represented  by  a  formula.  Such  being  the  case,  no 
two  conditions  are  treated  according  to  the  same  law. 

*  Discussion  of  the  paper  by  L.  P.  Jerrard,  Jun.  Am.  Soc.  C.  E.,  continued  from 
January,  1917,  Proceedings. 
t  Jersey  City,  N.  J. 
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Mr.  A  case  in  point  is  that  of  a  district  in  transition  from  one  use  to 

another,  such  as  apartments  taking  the  place  of  private  dwellings,  the 
appraiser  claiming  that  more  value  is  found  to  a  greater  depth  for 
land  on  which  was  built  apartments  than  that  devoted  to  private  dwell- 
ings, and  a  variation  of  the  curve  in  use  was  applied. 

In  1912,  or  about  that  time,  Newark  had  curves  which  differed  from 
those  in  use  at  present,  to  which  the  foregoing  objections  would  apply. 
The  subject  calls  for  extended  and  exact  study. 

The  Manufacturers  Appraisal  Company,  of  Cleveland,  Ohio,  which 
uses  the  "Somers  Unit  System  of  Realty  Valuation",  does  not  reveal 
the  method  of  calculating  the  value  of  corner  lots,  irregular  lots,  or 
reflected  influences.  It  appears  that  a  city  hires  only  the  use  of  the 
system,  and,  should  it  be  desired  to  re-adjust  values,  it  would  be  neces- 
sary to  re-hire  the  system.  Nevertheless,  all  things  about  the  Somers 
System  are  not  kept  secret,  and  it  has  may  good  features. 

First  of  all,  it  is  a  system  that  is  carefully  worked  out.  The  speaker 
thinks  it  overcomes  some  of  the  objections  referred  to  by  one  of  the 
speakers. 

A  booklet,  published  by  the  City  of  Cleveland,  Ohio,  entitled  '"The 
First  Quadrennial  Assessment,  Cleveland,  Ohio",  shows  how  Cleveland 
was  assessed  by  the  Somers  System  in  1910,  and  gives  many  details 
and  charts. 

Mr.  W.  I.  King,*  appears  to  have  gotten  nearer  to  the  heart  of 
the  system  than  any  one  else,  and  shows  some  of  the  Somers  charts 
not  found  elsewhere,  but  he  says: 

"Since  the  scientific  accuracy  of  the  Somers  tables  is  not  proven, 
and  since  these  tables  and  their  derivation  are  shrouded  in  secrecy, 
it  seems  necessary  to  derive  a  method  of  corner  valuation,  and  ulti- 
mately a  series  of  charts,  which  may  lay  some  claim  to  a  scientific 
basis,  and  at  the  same  time,  accord  with  actual  conditions." 

This  bulletin  is  of  value  to  those  interested  in  taxation. 

In  assessment  work,  Mr.  Somers  lays  much  stress  on  the  value  of 
community  opinion.  He  writes  as  follows  with  reference  to  an  assess- 
ment in  Des  Moines,  Iowa  :f 

"The  first  public  meeting  was  held;  *  *  *  about  seventy-five 
prominent  citizens  were  present,  including  a  majority  of  the  largest 
property  owners.  After  the  session  a  committee  of  citizens  and  prop- 
erty owners  was  selected  by  the  Mayor  and  Assessor  to  co-operate  with, 
and  assess  the  latter. 

"At  the  outset  it  was  decided  to  avoid  discussion  of  actual  values 
at  first  and  to  deal  with  relative  values  only.     Therefore  the  efforts 

*  Bulletin   No.   689  of  the  University  of  Wisconsin   entitled   "The    Assessment    of 
Urban  Property." 

t  As  published  in  the  June,  1913,  issue  of  the  Somers  System  News. 
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of  the  Committee  were  devoted  to  expressing  in  percentage  the  relative     Mr. 
values  of  a  Somers  unit  foot  on  each  side  of  every  block.  Walker. 

"It  was  the  unanimous  opinion  that  the  most  valuable  frontage  in 
the  city  was  on  the  north  side  of  West  Walnut  Street  between  Sixth 
and  Seventh  Streets.  This  the  Committee  called  x,  or  100  per  cent. 
Then,  at  the  several  meetings,  the  relative  value  of  a  unit  foot  in  every 
block  throughout  the  West  Side  was  ascertained. 

"When  the  relative  values  were  compiled,  a  map  of  the  district  was 
prepared,  and  the  percentages  placed  thereon.  Copies  of  this  map  were 
distributed  and  printed  in  the  newspapers ;  another  meeting  was  called, 
and  criticism  of  the  relative  values  invited." 

Another  section  of  the  city  was  likewise  treated. 

"When  the  two  committees  had  completed  their  labors,  it  remained 
only  for  the  assessor  to  determine  x,  or  the  100%,  on  West  Des  Moines 
Street."  The  value  of  x,  or  100%,  also  came  imder  discussion.  "Cal- 
culating clerks  were  then  employed  and  trained  in  the  methods  of  the 
Somers  System.  As  soon  as  the  unit  values  were  definitely  ascertained, 
the  work  of  calculating  began." 

The  opinion  of  the  taxing  authorities  throughout  the  United  States 
seems  to  be  that  the  "Newark  System"  is  fundamentally  the  best,  but 
it  has  taken  20  years  to  build  it  up.  In  Jersey  City,  a  system  is  being 
constructed  by  testing  any  idea  that  looks  good  in  any  system  and  is 
likely  to  develop  into  one  which  will  be  the  best  in  the  country. 
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T.  Kennard  TH0MS0N,t  M.  Am.  Soc.  C.  E. — This  is  an  interesting      Mr. 
paper  on  an  interesting  subject,  and  should  bring  out  a  full  discussion      omBon. 
from  experience  in  actual  work. 

The  author  calls  attention  to  the  fact  that  a  mixture  of  one  part  of 
cement  to  two  parts  of  sand  gave  a  better  test  than  the  mixtures  which 
were  not  so  rich  in  cement.  This  is  undoubtedly  due  to  the  fact  that 
a  1 :  2  mixture  comes  nearer  to  having  the  voids  of  the  sand  filled  with 
cement  than  a  poorer  mixture,  and,  of  course,  a  concrete  with  all  the 
voids  filled  has  a  better  chance  of  resisting  the  effects  of  frost  and  of 
any  injurious  chemical  which  may  be  in  the  water  or  air;  and  probably 
explains  why  the  greatest  damage  to  concrete  is  generally  between 
high  and  low  water. 

Some  years  ago  the  speaker  built  a  breakwater,  off  New  Rochelle, 
which  is  subjected  to  storms  with  the  full  sweep  of  Long  Island  Sound 
behind  them.  A  rock  fill  was  used,  up  to  the  low-water  mark,  the  depth 
of  water  at  low  water  being  25  ft.  at  the  outer  end. 

From  low  water  upward  the  stones  were  carefully  placed  to  a  height 
of  14  ft.  (except  for  the  outer  50  ft.),  on  top  of  which  a  12-in.  concrete 
coping  was  placed,  as  individual  stones  would  have  been  displaced  by 
the  storms,  although  the  top  of  the  breakwater  was  9  ft.  above  ordinary 
high  tide. 

*  This  discussion  (of  the  paper  by  R.  B.  Bakenhus,  M.  Am.  Soc.  C.  E.,  published 
in  December,  1916,  Proceedings,  and  presented  at  the  meeting  of  January  3d,  1917), 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  New  York  City. 
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Mr.  At  the  outer  end  for  50  ft.  the  built-up  stonework  was  only  8  ft. 

omson.  ^i^Qyg  Iq^  water,  on  top  of  which  was  placed  a  concrete  block,  7  ft.  high, 
10  ft.  wide  on  the  base,  5  ft.  on  the  top,  and  50  ft.  long ;  a  small  quantity 
of  reinforcement  was  used. 

This  breakwater  has  stood  successfully  the  severe  storms  of  the 
Sound  for  some  11  years;  but  this  year  it  has  been  noticed  that  a  small 
quantity  of  the  concrete  had  seriously  deteriorated  for  a  foot  or  so  at 
the  bottom  and  for  about  a  foot  in  depth. 

It  was  a  little  surprising,  however,  that  this  destruction  occurred 
on  the  inside  or  sheltered  portion  of  the  breakwater,  instead  of  outside, 
where  it  was  exposed  to  the  storms.  This  may  have  been  due  to  the 
fact  that  on  the  exposed  side  of  the  breakwater  any  injurious  chemicals 
from  sewage,  etc.,  would  be  washed  away  instead  of  remaining  in  place, 
as  they  would  on  the  sheltered  side. 

It  has  been  found  impossible  to  get  a  concrete  to  withstand  the  action 
of  impure,  hot  water,  in  some  power-plants.  In  one  case  the  efforts 
have  been  abandoned,  and  a  wooden  lining  has  been  substituted  for  the 
concrete. 

It  would  seem  that  the  three  principal  causes  for  disintegration  of 
ordinarily  good  concrete  in  sea  water  are:  first,  too  coarse  a  mixture, 
in  which  the  voids  of  the  sand  or  stone  are  not  filled — thus  allowing 
chemicals  to  accumulate;  second,  alternate  freezing  and  thawing,  which 
do  far  more  damage  when  the  voids  are  not  filled ;  and  third,  the  action 
of  injurious  chemicals  assisted  by  heat. 

The  remarks  in  the  discussion  about  sand  recall  an  attempt  of  a 
railroad  contractor,  many  years  ago,  to  make  the  railroad  haul  free  of 
charge  for  110  miles  a  fine  beach  sand,  because  the  local  sand  appeared 
to  contain  too  much  loam.  The  speaker  made  three  sets  of  tests :  first, 
with  regular  testing  quartz;  second,  vsdth  the  loamy  sand;  and  third, 
with  the  fine  beach  sand.  The  tensile  strength  developed  by  the 
briquettes  of  the  quartz  and  loamy  sand  were  almost  the  same,  and 
those  made  with  the  clean  but  fine  sand  gave  only  half  the  strength  of 
the  others.  As  strength  in  the  concrete  was  what  was  wanted,  the  work 
was  finished  with  the  loamy  sand. 

Mr.  J.  J.  Yates,*  Assoc.  M.  Am.  Soc.  C.  E. — The  question  of  the  action 

■  of  sea  water  on  concrete  is  of  great  importance,  as  it  affects  the  per- 
manency of  such  a  large  number  of  important  structures  which  have 
been,  or  may  be,  built  in  sea  water.  This  paper  adds  much  valuable 
information  on  a  subject  that  has  received  far  too  little  study. 

The  speaker,  however,  thinks  that  one  important  phase  which  has 
not  been  considered  is  injury  to  concrete  structures  by  floating  ice 
or  floating  debris,  resulting  in  the  breaking  up  of  the  surfaces  and 
the  exposure  of  the  interior  concrete  to  the  action  of  sea  water. 

*  New    York    City. 
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From  observations  of  existing  structures,  extending  over  a  period  Mr. 
of  about  15  years,  the  speaker  is  led  to  the  opinion  that,  in  setting,  *  ^^* 
a  surface  is  formed  on  concrete  which  will  resist  successfully  the  action 
of  sea  water  on  the  cement;  and  that,  as  long  as  this  surface  is  main- 
tained in  good  condition,  no  destructive  action  due  to  sea  water  may 
be  expected.  In  other  words,  he  is  of  the  opinion  that  concrete 
surfaces  are  first  injured  or  broken  up  by  drifting  material,  and 
that,  after  they  are  thus  broken  up,  the  concrete  is  not  able  to 
resist  the  action  of  the  sea  water.  Observations  indicate  that  this 
action,  after  it  once  starts,  continues,  and  is  accelerated  by  the  wearing 
away  of  the  disintegrated  surfaces  by  drifting  ice  and  other  material, 
or  by  the  alternate  freezing  and  thawing  of  the  concrete  surfaces 
between  tides.  By  one  of  these  means,  the  disintegrated  concrete  is 
removed,  continually  exposing  a  fresh  surface  to  the  action  of  the 
sea  water. 

As  examples  of  the  action  of  sea  water  on  concrete,  the  following 
are  given: 

The  concrete  masonry  of  the  old  center  piers  of  the  Hackensack 
and  Passaic  River  Bridges  of  The  Central  Railroad  Company  of  Xew 
Jersey  were  constructed  about  1870  of  Rosendale  cement.  The 
concrete  of  these  piers  was  deposited  in  a  circular,  wrought-iron, 
floating  caisson,  which  was  sunk  in  position  to  a  depth  of  about  12  ft. 
on  a  previously  prepared  pile  foundation.  About  1888  or  1889  the 
iron  superstructure  was  renewed,  making  use  of  the  old  piers.  When 
inspected  about  1902  it  was  found  that  the  iron  caisson  had  com- 
pletely disappeared,  to  a  depth  of  several  feet  below  low  water,  and 
that  the  concrete  had  been  eaten  away  between  high  and  low  water 
to  a  depth,  in  some  cases,  of  about  2  ft.  These  piers  were  repaired  by 
patching  with  concrete  behind  a  steel  plate  band  extending  around 
each  pier. 

The  piers  were  not  exposed  to  drifting  material,  as  they  were  pro- 
tected or  practically  enclosed  by  pile  and  timber  fenders  of  a  type 
generally  used  at  draw-bridges.  Considerable  trouble  was  experienced, 
however,  from  ice  forming  around  the  piers.  In  fact,  during  extreme 
high  tide  conditions,  the  operation  of  the  lower  of  the  draw-bridges 
was  seriously  interfered  with  by  ice  clogging  the  bearing  wheels  on 
the  center  pier. 

In  1912  both  the  substructure  and  the  superstructure  were  removed, 
and  temporary  structures  were  built  at  one  side  for  the  purpose  of 
building  new  bridges. 

During  1903  to  1905  The  Central  Railroad  Company  of  New  Jersey 
replaced  its  draw-bridge  over  Newark  Bay,  about  |  mile  from  its  mouth 
or  junction  with  Staten  Island  Sound,  with  two  bascule  spans.  The 
seven   concrete   piers   required   were   deposited   in    air   within   wooden 
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Mr.     floating  caissons  which  were  sunk  to  a  depth  of  about  30  ft.  on  prepared 
Yates  p-^g  foundations.     Sea  water  was  not  allowed  to  come  in  contact  with 
the  concrete  until  it  had  had  time  to  become  thoroughly  set. 

The  concrete  was  composed  of  1  part  of  cement,  3  parts  of  sand, 
and  5  parts  of  l^-in.  broken  trap  rock.  The  following  is  a  represen- 
tative test  analysis  of  the  cement  used: 

Sulphuric  acid 1.38%     Magnesia  1.54% 

Gravity    3.06  Water  and  steam  tests. 0.  K. 

Initial  set 1  hr.       Hard  set 4  hr.  30  min. 

Eesidue,  No.  200  sieve. 27.5%  Eesidue,  No.  100  sieve.  .8.0% 

One-day   test 385  lb. 

One-week  test 716  lb. 

One- week  test,  sand 315  lb. 

The  concrete  was  deposited  under  the  supervision  of  experienced 
men,  who  stated  that  all  the  piers  were  treated  in  the  same  manner. 

Shortly  after  the  timber  caisson  was  removed.  Pier  5  was  injured 
between  high  and  low  water  by  a  floating  barge.  This  injury  was 
repaired  by  patching  with  concrete.  Examinations  of  this  pier  in  1909 
showed  that  the  patch  had  disappeared  entirely,  and  that  the  concrete 
was  being  eaten  away  gradually  between  high  and  low  water  at  the 
point  of  injury.  All  the  remaining  piers  except  two  showed  some 
deterioration  of  the  concrete  between  high  and  low  water.  In  the 
case  of  Pier  5  the  concrete  was  eaten  away  to  a  depth  of  20  in.  Two 
piers  showed  practically  no  deterioration.  An  examination  by  a  diver 
in  1909  showed  that  there  was  no  deterioration  of  any  of  the  piers 
below  a  point  about  1  ft.  below  mean  low  water.  From  observations, 
the  piers  most  affected  were  those  which  had  the  greatest  exposure 
to  floating  ice  or  drift. 

Attempts  were  made  to  get  samples  of  the  disintegrated  concrete 
for  the  purpose  of  making  a  chemical  analysis  to  determine,  if  prac- 
ticable, the  action  of  the  sea  water.  This  was  found  impracticable, 
but  when  the  samples  were  first  removed  and  still  wet,  a  large  number 
of  crystals  of  a  white  salt  were  visible,  and  these  seemed  to  disappear 
entirely  as  the  concrete  dried  out. 

These  piers  have  been  repaired  several  times — once  with  a  cement 
gun,  which  latter  repair  lasted  about  4  years.  The  repairs  have  some- 
what retarded  the  disintegration  of  the  concrete,  but  the  destructive, 
action  has  been  found  to  be  practically  continuous.  It  is  very  notice- 
able that  the  action  is  not  general  over  the  whole  surface,  but  is 
rather  confined  to  spots,  such  as  the  injured  section  of  Pier  5. 

Another  example  may  be  cited,  not  particularly  for  the  disintegrat- 
ing action  of  the  sea  water,  but  rather  on  account  of  the  fact  that  a 
sample  of  the  white  salt,  mentioned  in  reference  to  the  Newark  Bay 
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Bridge,  was  obtained  and  analyzed;  this  is  the  bridge  of  The  Central  Mr. 
Kailroad  Company  of  New  Jersey  over  the  Shrewsbury  River  about  a  ^^*®^- 
mile  from  its  outlet  in  Sandy  Hook  Bay,  and  built  in  1913.  Ten 
piers  were  constructed  in  sea  water,  and  of  these,  two  showed  signs 
of  failure  about  a  year  after  they  were  built.  These  piers  were  rebuilt, 
and  an  investigation  into  the  cause  of  the  failure  developed  the  fact 
that,  in  both  of  them,  the  concrete  of  the  foundations,  which  had  been 
deposited  in  water  with  a  tremie,  had  been  deposited  at  low  tide,  when 
the  chute  to  the  tremie  was  very  flat.  The  concrete  mixer  had  been 
on  a  floating  barge,  and  the  low  tide  had  caused  the  flat  condition  of 
the  chute  which  resulted  in  the  concrete  being  mixed  very  wet  and 
the  tremie  not  being  kept  full  of  concrete  during  the  process  of 
depositing. 

The  concrete  foundations  of  these  piers  failed  completely,  and 
when  removed  showed  stratification,  consisting  of  alternate  layers  of 
a  putty-like  substance  and  of  sand  and  gravel  with  a  little  cement,  or 
rather,  a  very  weak  mixture  of  concrete.  Samples  of  this  mixture  were 
taken,  and  the  small  crystals  of  white  salt  were  plainly  visible  when 
the  concrete  was  first  removed  and  before  it  had  time  to  dry  out. 
Enough  of  this  white  powder  was  collected,  and  an  analysis  was  made 
by  Mr.  C.  M.  Chapman,  Engineer  of  Tests,  of  Westinghouse,  Church, 
Kerr  and  Company,  a  copy  of  which  is  as  follows : 

"We  have  made  an  analysis  of  the  sample  of  white  powder  which 
was  scraped  from  the  sample  of  disintegrated  concrete  from  the  Shrews- 
bury River  bridge  pier,  with  the  following  results: 

"Free  Silica Si  Og .57.64% 

^^"'^^^"^ \mIoI\   '-44 

Calcium Ca ., 6.83 

Magnesium Mg 8.66 

Chlorides .CI 1.82 

"The  large  amount  of  silicia  is  undoubtedly  due  to  the  grains  of 
sand  which  were  scraped  off  the  concrete  with  the  sample.  Eliminating 
the  silica  from  consideration,  we  find  that  the  sample  is  made  up  of 
approximately  equal  parts  of  magnesium,  calcium,  and  iron  alumina 
oxides.  The  magnesium  is  somewhat  in  excess  of  the  calcium,  which 
indicates  a  transfer  of  the  calcium  and  magnesium  bases  between  the 
cement  in  the  concrete  and  the  salt  in  the  sea  water.  The  magnesium 
of  the  sea  water  replaces  the  calcium  of  the  cement.  This  action 
can  only  take  place  where  the  sea  water  has  free  access  to  the  cement, 
or,  in  other  words,  at  points  where  the  concrete  is  quite  porous.  In 
a  dense  concrete  such  action  could  not  take  place,  or  would  be  so 
slow  that  it  would  be  almost  negligible." 

At  the  south  or  up-stream  end  of  one  of  these  piers,  when  examined 
about  6  months  ago,  there  was  disintegration  over  a  small  area  to  a 
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Mr.     depth  of  about  2  to  3  in.  between  high  and  low  water.     This  end  of 
■  the  pier  is  vei'y  much  exposed  to  damage  from  floating  ice. 

Another  example  of  the  deterioration  of  concrete  in  sea  water  is 
one  of  the  piers  of  the  bridge  of  The  Central  Kailroad  Company  of 
JSTew  Jersey  over  the  Elizabeth  River  at  Elizabethport,  N.  J.  Due 
to  delays  which  were  beyond  control,  it  was  necessary  to  deposit  the 
concrete  for  these  piers  in  freezing  weather.  Parts  of  the  surfaces  of 
the  piers  were  injured  slightly  by  freezing,  which  resulted  later  in  a 
peeling  of  the  surfaces.  These  surfaces  were  patched  with  a  cement 
gun,  and  have  shown  no  further  peeling,  with  the  exception  that  the 
patching  on  the  down-stream  end  of  one  of  the  piers  has  fallen  off. 
Where  the  injured  surface  of  this  pier  is  between  high  and  low  water 
the  concrete  has  disintegrated  to  a  depth  of  from  4  to  6  in. 

The  water  of  this  stream  is  salt,  but  is  apt  to  carry  a  large  mixture 
of  sewage  and  fresh  water.  The  pier  surfaces  are  covered  with  slime 
between  high  and  low  water,  but,  with  the  exception  noted,  show  no 
deterioration  such  as  might  result  from  the  action  of  salt  water. 

In  regard  to  the  construction  of  the  New  Hackensack  and  Passaic 
River  Bridges  by  The  Central  Railroad  Company  of  New  Jersey  in 
1912-14,  it  may  be  of  interest  to  note  that,  due  to  experience  with 
the  disintegration  of  concrete  in  sea  water,  it  was  decided  to  build 
those  portions  of  the  piers  between  high  and  low  water  with  a  granite 
facing,  backed  up  by  a  concrete  interior.  This  granite  facing  was 
carried  from  a  point  2  ft.  below  mean  low  water  to  a  point  2  ft.  above 
high  water. 

Practically  the  whole  of  the  12  000  cu.  yd.  of  concrete  in  the  foun- 
dation of  these  piers  was  deposited  in  water  with  drop-bottom  buckets. 
The  channel  piers  extended  to  a  depth  of  30  ft.  below  low  water,  and 
the  concrete  was  deposited  continuously  within  timber  coffer-dams  up 
to  a  point  2  ft.  below  low  water.  About  a  day  after  the  completion 
of  the  concrete,  the  water  was  pumped  down,  the  laitance  was  removed 
from  the  upper  surface,  and  the  construction  of  the  remaining  portions 
of  the  piers  was  carried  on  in  the  air. 

The  concrete  was  composed  of  1  part  of  Portland  cement,  2  parts 
of  washed  Cow  Bay  sand,  and  4  parts  of  washed  and  graded  gravel. 

In  experimenting  with  different  concrete  aggregates,  it  was  found 
that  when  Cow  Bay  sand  and  gravel  were  used,  2  to  3  in,  of  laitance 
would  result  in  depositing  a  depth  of  15  ft,  of  concrete  under  water. 
When  Cow  Bay  sand  and  l^-in.  broken  trap  rock  (dust  screened  out) 
were  used,  the  result  was  about  double  that  quantity  of  laitance.  For 
this  reason  practically  all  the  work  was  done  with  the  gravel. 

Examinations  of  the  under-water  surfaces  by  a  diver,  shortly  after 
the  completion  of  the  structure,  developed  no  defects,  except  that  on  one 
of  the  piers  there  was  found  a  wedge-shaped  horizontal  band  of  laitance, 
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from  4  to  6  in.  wide,  a  section  of  which  the  diver  was  able  to  remove  Mr. 
to  a  depth  of  about  4  in.  Investigations  showed  that  this  band  of  *  ^^' 
laitance  was  due  to  several  days'  stoppage  of  the  work  of  depositing 
the  concrete  at  this  level,  and  that,  although  attempts  had  been  made 
to  remove  the  laitance  with  a  clam-shell  bucket  and  the  help  of  a 
diver  before  the  depositing  was  again  started,  the  efforts  were  not 
entirely  successful. 

Annual  general  inspections  of  all  the  structures  on  the  Central 
Railroad  are  made  by  the  Bridge  Engineer,  and  no  disintegration 
similar  to  that  found  in  salt  water  has  ever  been  observed  in  concrete 
piers  in  fresh-water  streams,  although  in  many  cases  the  concrete  is 
exposed  to  damage  from  floating  ice.  Concrete  surfaces  have  been 
found  injured  (probably  by  floating  ice),  but  no  disintegration  has 
taken  place.  This  rather  disproves  the  theory  that  the  disintegration 
of  concrete  in  sea  water,  between  tides,  is  due  solely  to  the  alternate 
freezing  and  thawing  of  the  concrete. 

The  result  of  the  speaker's  experiences  with  the  structures  cited 
leads  him  to  believe  that  concrete  can  be  used  safely  in  sea  water,  pro- 
vided there  is  no  danger  of  the  surfaces  being  injured  by  floating 
material.  Where  such  action  is  at  all  likely  to  take  place,  it  has  been 
decided  to  use  a  stone  facing  backed  up  with  concrete.  The  speaker 
has  no  hesitation  in  using  properly  deposited  concrete  to  a  point  2  ft. 
below  low  tide,  or  to  a  height  that  is  below  any  likelihood  of  injury 
by  floating  material. 

J.  R.  McClintock,*  M.  Am.  See.  C.  E. — The  speaker  had  an  experi-     Mr. 
ence,   at   Clarksburg,   W.   Va.,   with  disintegration  of   some   concrete  ciintock. 
beams  across  the  top  of  an  open  coagulating  basin.     These  beams  are 
normally  above  the  water  level,  but  at  times,  owing  to  careless  operation 
of  the  pumps,  they  are  alternately  submerged  and  exposed,   causing 
in  cold  weather  very  severe  freezing  conditions. 

The  basin  was  constructed  7  years  ago,  and  after  about  5  years 
probably  two-thirds  of  these  beams  were  almost  completely  disinte- 
grated, the  concrete  looking  practically  like  a  loose  shale.  The  other 
beams,  although  under  the  same  conditions,  were  practically  intact. 

As  far  as  known,  there  was  no  difference  in  construction  methods. 
They  were  all  built  by  the  same  gang,  with  the  same  foreman,  and 
presumably  of  the  same  materials.  It  is  possible,  however,  that  in 
some  of  these  beams  use  was  made  of  a  local  stone  which  is  subject  to 
disintegration  when  exposed  to  the  weather.  There  were  some  delays 
in  the  shipment  of  the  hard  limestone  regularly  used,  and  it  is  very 
likely  that  some  of  the  poor  local  stone  may  have  been  used,  in  order 
to  avoid  waiting. 

The  contractor  on  this  work  had  rather  a  disappointing  experience 
with  the  local  stone.     In  excavating  for  a  reservoir,  probably  4  000 
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Mr.      or  5  000  cu.  yd.  of  stone  were  piled  up  to  be  used  later  for  concrete, 
oiintock.  After  this  material  had  remained  piled  up  nearly  a  year,  it  was  found 
to  have  weathered  to  almost  a  soft  clay.    When  taken  out  it  appeared 
to  be  a  good  hard  stone. 

The  other  concrete  structures  at  Clarksburg,  including  a  filter  plant 
and  a  1 000  000-gal.  concrete  tank,  were  substantially  impervious  to 
water,  as  judged  by  leakage  measurements,  and  it  is  puzzling  to  under- 
stand just  why  the  beams  proved  to  be  so  porous  as  to  allow  the 
entrance  of  water  to  cause  their  disintegration. 

There  is  another  factor  which  should  be  mentioned.  The  river 
water  receives  a  great  deal  of  acid  mine  waste,  and  the  sulphur  com- 
poimds  may  have  had  some  effect  on  the  concrete.  This,  however, 
would  not  explain  a  selective  action  on  some  parts  and  not  on  others. 
Probably  the  best  explanation  is  that  poor  stone  was  used  in  a  portion 
of  the  beams,  and  good  stone  in  the  rest.  The  stone  was  of  a  nature 
between  a  shale  and  a  sandstone.  The  different  strata  change  gradually 
from  a  true  shale  into  a  sort  of  stone  locally  called  sandstone. 
Mr.  S.  B.  Williamson,*  M.  Am.  Sog.  C.  E. — Before  the  construction  of 

^Eon™  t^6  locks  on  the  Panama  Canal,  there  were  several  independent  investi- 
gations as  to  the  effect  of  sea  water  on  concrete,  and  all  the  information 
obtainable  was  gathered  at  that  time.  According  to  the  speaker's 
memory,  the  failures  recorded  were  due  largely  to  porous  or  pervious 
concrete.  On  the  strength  of  this  information,  the  engineering  authori- 
ties on  the  canal  agreed  to  use  concrete  in  the  lock  construction ;  and  in 
the  lower  parts  of  the  locks  that  were  subject  to  sea  water  a  richer 
mixture  was  used. 

At  Miraflores,  where  there  is  a  20-ft.  tide,  and  the  lock  gates  are 
about  83  ft.  high,  an  interesting  condition  developed:  It  was  found 
that  the  difference  in  the  weight  of  the  salt  water  on  the  lower  side 
and  the  fresh  water  on  the  inside  of  the  gates  made  it  possible  to  have 
a  head  of  about  18  in.  on  the  lower  side  of  the  gates,  tending  to  force 
them  open  when  the  lock  was  full. 

In  order  to  discover  a  means  of  overcoming  this,  a  number  of  experi- 
ments were  carried  out,  and  it  was  finally  ascertained  that,  by  turning 
up  the  lower  ends  of  the  culverts  so  as  to  discharge  at  a  certain  ele- 
vation, the  inter-mixture  or  diffusion  took  place  in  such  a  way  as  to 
equalize  the  pressure  heads. 

Thus  far,  the  concrete  in  the  locks  has  shown  no  signs  of  disin- 
tegration. There  has  been  some  disintegration,  however,  in  the  concrete 
docks  built  at  Balboa.  These  are  reinforced  docks,  supported  by  rein- 
forced concrete  cylinders,  and  some  of  the  floor  girders  are  partly 
submerged  at  extreme  high  tide.  These  show  some  disintegration, 
especially  where  cracks  have  appeared,  but  as  yet  there  is  nothing 
serious. 
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Great  care  was  taken  in  the  composition  and  placing  of  the  concrete     Mr. 
in  the  locks,  particularly  where  they  will  be  subject  to  sea  water,  and    son*™ 
the  speaker  believes  that  the  concrete  is  impervious  and  will  not  be 
readily  attacked. 

W-ALDO  C.  Briggs,*  M.  Am.  Soc.  C.  E. — There  is  one  point  which  Mr. 
the  speaker  would  very  much  like  to  have  developed.  If  "the  addition  ^nggs. 
of  clay  to  the  cement  had  a  slightly  beneficial  result"  with  the  concrete 
subjected  to  such  unusual  conditions,  why  not  modify  the  customary 
specification  for  sand,  requiring  it  to  be  "clean  and  sharp",  to  read 
"clean  and  sharp,  free  from  dirt,  loam,  mica,  and  organic  matter,  and 
shall  contain  not  more  than  5%  by  volume  of  clay"?t 

It  happens  sometimes  that  what  appears  to  be  a  very  good  grade 
of  sand  is  encountered  in  excavation  made  in  connection  with  con- 
struction work;  but  if  this  sand  contains  clay,  it  necessarily  is 
rejected  if  the  specifications  require  it  to  be  clean. 

Charles  S.  Bilyeu,:}:  Assoc.  M.  Am.  Soc.  C.  E. — A  curve  of  maxi-    Mr. 
mum  density,  or  an  ideal  curve  for  the  combination  of  sand  and  aggre- 
gate, has  been  plotted  from  the  results  of  an  extended  series  of  tests  by 
William  B.  Fuller  and  Sanford  E.  Thompson,  Members,  Am.  Soc.  C.  E., 
at  Jerome  Park  Reservoir,  New  York  City,  in  1902-04. 

The  speaker's  criticism  of  specifications  refers  particularly  to  those 
for  reinforced  concrete  buildings.  It  is  true  that  such  specifications  are 
frequently  prepared  in  architects'  offices,  and  that  engineers  are  not 
responsible  for  them.  They  generally  cover  adequately  the  testing  of 
the  cement,  but  rarely  contain  any  requirement  for  the  analysis  of  the 
sand  and  aggregate. 

The  speaker  has  been  called  on,  from  time  to  time,  to  make  tests 
of  materials  (particularly  sand)  used  in  large  and  important  buildings. 
In  several  instances  the  sand  has  been  found  to  contain  an  abnormally 
large  percentage  of  very  fine  grains,  and  to  be  otherwise  unsuitable  for 
use  in  work  of  such  character.  Tests  of  this  nature  are  usually  arranged 
for  only  after  the  work  is  well  under  way  and  after  it  has  been  found 
that  the  concrete  has  net  developed  proper  strength. 

In  the  speaker's  opinion,  careful  sand  and  aggregate  analyses  are 
very  important  investigations,  and  are  absolutely  necessary  for  safe  and 
economical  concrete  construction. 

W.  E.  Day,:]:  Assoc.  M  Am.  Soc.  C.  E. — In  line  with  the  discussion  Mr. 
of  sand  mixtures,  an  incident  on  some  construction  work  during  the    ^^' 
past  season   might  be  described.     A   sand  pit  was   opened,   about   2^ 
miles  from  the  work,  which  contained  a  sand  of  excellent  quality.     The 
testing  laboratory  reported  it  to  be  very  clean  and  that  the  percentages 
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Mr.  of  various  sizes  were  such  as  to  make  it  an  almost  perfect  sand  for 
'  concrete. 

On  account  of  the  long  haul,  the  experiment  was  made  of  mixing 
this  pit  sand  with  a  very  fine  beach  sand,  containing  considerable 
loam,  which  was  right  on  the  works.  Test  cubes  and  briquettes  were 
made  with  pit  sand  containing  from  0%  to  45%  of  beach  sand.  These 
cubes  and  briquettes  were  tested  after  being  stored  30  days,  and  the 
results  showed  that  adding  up  to  30%  of  beach  sand  improved  the 
strength  of  the  concrete,  as  compared  with  concrete  made  from  the 
so-called  perfect  sand. 

Mr.  Egbert  Eidoway.*  M.  Am.  Soc.  C.  E. — Tt  is  generally  agreed  that 

the  grading  of  sand  is  very  important.  A  well-graded  sand  containing 
a  small  quantity  of  clay  is  preferable  to  a  poorly-graded  sand  which  is 
free  from  impurities,  particularly  if  the  sand  is  imiformly  fine.  It  is 
well,  however,  to  reduce  the  quantity  of  clay  and  other  impurities  to  a 
minimum,  and  what  one  should  strive  to  get  is  a  clean,  well-graded 
sand.  The  speaker  does  not  agree  with  those  who  have  advocated  the 
use  of  a  small  quantity  of  clay  to  increase  the  density  of  the  concrete. 
It  is  better  to  omit  the  clay  and  substitute  a  little  more  cement,  in 
order  to  secure  this  density,  thereby  increasing  the  strength  of  the 
concrete  as  well.  If  the  clay  appears  as  lumps  in  the  sand,  it  is 
obviously  more  objectionable,  as  Mr.  Fuller  states,  than  if  in  the  form 
of  a  powder.  The  holes  often  seen  in  the  surfaces  of  cement  walks 
and  in  the  faces  of  concrete  walls  are  generally  caused  by  the  dis- 
solving of  lumps  of  clay  which  were  incorporated  in  the  mix. 

Mention  has  been  made  of  limestones  as  concrete  aggregates.  The 
use  of  limestones  was  not  permitted  in  the  Catskill  Aqueduct  specifi- 
cations for  pressure-tunnel  lining  because  of  their  solubility.  This 
was  the  result  of  a  careful  study  of  the  subject  by  the  Designing  Divi- 
sion of  the  Board  of  Water  Supply  before  the  specifications  were  pre- 
pared. It  was  found,  in  a  number  of  instances,  that  concrete  had 
disintegrated,  due  to  the  solubility  of  the  coarse  aggregate.  A  notable 
example  cited  was  that  of  the  Thirlmere  Aqueduct  for  the  City  of 
Manchester,  England.  In  this  case,  as  the  speaker  understands  it,  an 
almost  pure  limestone  was  used,  and  the  soft  water  in  the  Aqueduct 
dissolved  it  to  such  an  extent  that  the  concrete  was  badly  disin- 
tegrated. In  most  works,  however,  limestones  are  not  prohibited;  for 
example,  the  Public  Service  Commission  specifications  for  subway 
construction  in  IS^ew  York  City  permit  the  use  of  "Sound,  hard, 
broken  limestone". 

In  driving  the  new  rapid  transit  tunnel  under  the  East  River  from 
Old  Slip,  Manhattan,  last  year,  the  shield  working  under  compressed 
air  encountered  the  concrete  foundation  of  the  wall  at  the  river  bulk- 
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head  line.  This  concrete  had  been  deposited  in  bags  under  the  salt  Mr. 
water  by  the  Department  of  Docks  and  Ferries  of  New  York  City  '  ^^^y- 
about  10  years  before.  The  mix  was  said  to  be  1 :  2 :  5,  and  it  was  found 
to  be  in  excellent  condition,  as  sound  and  dense  as  though  it  had  been 
placed  behind  forms  in  the  dry.  The  burlap  of  the  bags  was  still 
there,  but  the  concrete  was  bonded  so  well  that  it  looked  like  good  mass 
concrete.     There  was  no  sign  of  any  disintegration. 

George  W.  Fuller,*  M.  Am.  Soc.  C.  E. — This  discussion  brings  out  Mr. 
four  leading  points :  First,  that  imperviousness  of  concrete  is  a  sine 
qua  non  for  structures  subjected  to  a  fluctuating  water  line;  secondly, 
laitance  must  be  carefully  guarded  against;  thirdly,  there  is  the 
question  of  temperatures,  in  relation  to  disintegration  by  alternate 
freezing  and  thawing;  and,  fourthly,  there  is  the  question  of  what 
may  be  brought  about  by  organic  matters  and  their  decomposition 
to  form  acids  under  putrefactive  processes. 

Sanitary  engineers  know  well,  in  connection  with  water-works  and 
sewerage  structures,  what  porous  concrete  may  signify,  especially  as 
to  the  stability  and  integrity  of  structures  above  and  near  the  flow 
line,  as  ordinarily  seen. 

Mr.  McOlintock  has  given  some  interesting  observations  on  concrete 
sedimentation  basins  of  the  water-works  plant  at  Clarksburg,  W.  Va. 
This  shows  what  freezing  and  thawing  may  do,  in  the  absence  of  any 
acids  or  organic  matter  to  decompose  the  structures,  where  concrete, 
probably  not  as  impervious  as  it  should  be,  is  subject  to  the  various 
influences  of  the  elements,  especially  where  there  is  a  fluctuating  flow 
line. 

Now  for  a  few  words  in  respect  to  the  fourth  element,  and  that  is 
the  disintegration  of  concrete,  mortar,  or  brick,  under  those  circum- 
stances where  the  decomposition  of  organic  matters  of  sewage  or 
polluted  water  may  bring  about  substances  which  produce  acids. 

That  is  probably  an  old  story.  It  has  been  debated,  year  in  and 
year  out,  in  relation  to  the  question  as  to  whether  concrete  is  as  good 
as  brick  for  large  sewers. 

It  is  a  fact  that  the  organic  matters  contained  in  sewage  under 
some  circumstances  will  undergo  bacterial  decomposition,  and  that 
the  sulphur  compounds  in  the  organic  matters  will  be  changed  to 
sulphureted  hydrogen,  in  the  complete  absence  of  dissolved  atmospheric 
oxygen,  and  in  the  presence  of  the  right  kinds  of  bacteria  which  ordi- 
narily grow  there.  It  is  a  further  fact  that,  when  bacterial  agencies 
bring  about  what  are  commonly  called  putrefactive  changes,  sulphureted 
hydrogen  and  other  products  of  putrefaction  may  be  obtained  from 
mineralized  sulphur  compounds,  such  as  sulphate  of  lime  or  magnesia, 
and  found  in  cement,  fresh  water,  and  sea  water. 
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Mr.  Sea  water  is  so  highly  mineralized  that  we  probably  do  not  realize 

Fuller  •   •  . 

■  what  opportunities  there  are  for  the  formation  of  compounds  of  a  dis- 
solving nature.  Neither  do  we  know  what  inter-reactions  may  produce, 
•in  conjunction  with  putrefaction,  as  to  solvents  from  magnesium 
chloride  and  other  neutral  salts  of  a  supposedly  stable  and  non-corrosive 
nature  with  respect  to  concrete. 

The  formation  of  sulphureted  hydrogen  does  not  cause  an  appreci- 
able corrosion  of  fairly  good  concrete  below  the  minimum  water  line 
of  a  sewer,  septic  tank,  or  pier  of  concrete,  so  far  as  the  speaker's 
observations  and  studies  go.  Even  in  septic  tanks,  he  has  heard  of  only 
one  instance  of  serious  disintegration  of  concrete  in  the  lower  part 
of  the  structure,  and  that  was  in  the  case  of  a  tank  in  the  arid  regions 
of  the  Southwest. 

Sulphureted  hydrogen  must  be  converted  into  sulphuric  acid  in 
order  to  develop  corrosive  properties.  This  is  effected  when  the  gaseous 
sulphureted  hydrogen  rises  above  the  water,  meets  the  oxygen  of  the 
air,  and  in  the  presence  of  moisture.  This  is  why  sewers,  septic  tanks, 
and  piers  are  disintegrated  above  and  not  below  the  flow  line.  Of 
course,  this  solvent  action  varies  in  intensity  with  the  porosity  of  the 
concrete,  eifect  of  freezing,  etc. 

The  outfall  sewer  of  Los  Angeles  showed  disintegration  of  mortar 
and  signs  of  deterioration  of  brick  in  manholes  beyond  the  main  siphon, 
but  not  below  the  flow  line.  When  the  atmosphere  with  its  oxygen 
was  excluded,  this  disintegration  was  stopped  to  a  surprisingly  satis- 
factory extent. 

Much  sulphureted  hydrogen  does  not  escape  into  the  atmosphere, 
as  it  combines  with  iron  salts  to  form  the  black  ferrous  sulphide  of 
iron,  which  gives  liquids  in  process  of  putrefaction  their  black  charac- 
teristic appearance.  This  is  why  the  sludge  of  septic  tanks  is  black, 
and  why  the  sediment  in  pump  wells  and  settling  basins  is  black,  as 
was  reported  in  detail  by  the  speaker  some  20  years  ago  in  his  water 
purification  investigations  at  Cincinnati. 

Laitance  should  certainly  be  kept  within  reasonable  limits,  other- 
wise undesired  results  are  to  be  expected.  Undoubtedly,  the  pendulum 
is  swinging  back  from  the  very  wet  mixes  of  recent  years  toward  the 
dry  mixes  of  20  years  ago.  However,  the  mix  should  not  be  so  dry 
as  to  make  it  problematical  as  to  removing  entrained  air  from  the  pores 
of  the  concrete. 

It  is  feasible  to  use  sand  with  a  moderate  quantity  of  silt  or  clay 
without  vitiating  the  integrity  of  a  structure,  if  that  fine  material  can 
actually  be  used  as  filling  uniformly  a  certain  portion  of  all  voids  of 
the  sand  as  a  substitute  for  cement;  but  if  such  silt  or  clay  is  in  lumps 
or  is  otherwise  irregularly  and  improperly  dispersed  in  the  voids  of 
the  sand,  the  programme  becomes  invalid. 
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Fine  material  is  objectionable  if  it  occurs  as  a  coating  on  the  sand     Mr. 
particles,  as  it  weakens  the  concrete;  or  if  it  contains  sufficient  organic    "  ^^' 
matter  to  interfere  with  the  setting  of  the  concrete;  or  if  it  is  flaky  or 
of  such  character  as  to  produce  lumps,  on  mixing  the  concrete. 

On  the  other  hand,  fine  material  may  add  materially  to  the  imper- 
viousness  and  density  of  the  concrete.  This  is  a  function  of  the  mix  of 
concrete,  the  nature  and  quantity  of  the  fine  material;  the  percentage 
of  voids  in  the  sand;  and  the  relative  size  and  shape  of  the  sand 
particles. 

As  Mr.  Eidgway  says,  clean  sand  filled  with  an  excess  of  cement  has 
marked  advantages  in  the  direction  of  safety;  but  this  is  not  always 
practicable  in  some  localities,  or  worth  its  cost  in  others — as  compared 
with  using  sand  with  fine  material  in  it. 

At  York,  Pa.,  the  local  building  sand  is  a  crushed  rock  containing 
10%  or  more  of  fine  material  passing  a  100-mesh  sieve.  It  was  used 
with  satisfaction  on  several  hundred  thousand  dollars  worth  of  work 
on  outfall  sewers,  pumping  station,  and  sewage  treatment  plant.  Appar- 
ently, this  material  did  not  form  lumps.  Its  use  saved  the  needless 
added  cost  of  obtaining  other  sand  transported  from  a  long  distance. 
However,  this  is  a  procedure  which  ought  not  to  be  adopted  without 
careful  investigation  in  each  local  case. 
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By  Messrs.  E.  Lauchli  and  Robert  A.  Shailer. 


E  Lauchli,!  Esq. — Those  who  have  followed  closely  the  progress     Mr. 
made  in  driving  Rogers  Pass  Tunnel  cannot  but  admire  the  skill  dis-    ^^'^  ' ' 
played   by   the   engineers   and   contractors   connected   with  this   great 
enterprise;   and,  no   doubt,  the  completion  of  this  bore  will  give  a 
greater  impulse  to  work  of  this  character  in  America. 

The  speaker,  who  was  retained  in  an  advisory  capacity  by  one  of  the 
contractors  bidding  on  this  work,  was  well  aware  of  the  conditions  pre- 
ceding the  driving  of  this  tunnel.  In  his  opinion,  bidding  on  this  work 
was  a  gambling  proposition  without  precedent,  owing  to  the  fact  that 
the  railway  company  did  not  provide  the  bidders  with  sufficient  infor- 
mation relating  to  the  geological  formation  of  the  range  to  be  tunneled. 
The  accuracy  of  this  statement  is  backed  by  the  fact  that,  according 
to  Mr.  J.  G.  Sullivan,  Chief  Engineer  of  the  Canadian  Pacific  Railway, 
expert  tunnel  contractors  bid  on  this  work  from  $8  to  $11.25  per  cu.  yd. 
for  excavation — prices  hitherto  unheard  of  in  connection  with  double- 
track  tunnel  excavation. 

That  the  driving  of  this  tunnel  has  been  a  success  will  not  be  denied 
by  the  Profession,  but,  in  the  speaker's  opinion,  the  results  attained 
are  due  more  to  the  unusually  favorable  conditions — as  far  as  material 
penetrated,  absence  of  rock  pressure,  small  quantity  of  water  under- 
ground, and  low  rock  temperatures  are  concerned — than  to  the  driving 
methods  adopted  by  the  contractors. 

*  This  discussion  (of  the  paper  by  A.  C.  Dennis,  M.  Am.  Soc.  C.  E.,  published  in 
January,  1917,  Proceedings,  and  presented  at  the  meeting  of  February  7th,  1917),  is 
printed  In  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  New  York  City. 


Lauchli 
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Mr  In  preparing  their  bids,  those  interested  in  this  work,  had  to  assume 

that  there  would  be  a  reasonable  amount  of  difficulty,  and  this,  no 
doubt,  accounts  for  their  selection  of  the  bottom-heading  method  of 
tunneling,  the  only  method  known  to-day  which  insures  absolute  suc- 
cess, both  xmder  favorable  and  unfavorable  conditions.  Now,  as  just 
mentioned,  there  was  no  information  available  of  a  nature  to  cause 
bidders  to  select  a  driving  method,  practicable  under  ideal  conditions 
only,  and  no  experienced  tunnel  contractor  could  afford  to  gamble  on 
an  undertaking  of  this  magnitude. 

The  driving  method  actually  adopted  based  its  greatest  expectations 
on  the  enlargement  of  the  tunnel,  and  necessitated  an  auxiliary  or 
pioneer  tunnel.  Ventilation  alone  did  not  call  for  an  exceptional 
ventilation  system,  as  has  been  proved  during  past  years,  in  connection 
with  the  driving  of  tunnels  from  5  to  9  miles  long,  driven  under  far 
less  favorable  conditions  than  those  at  Rogers  Pass. 

Had  an  intense  ground  pressure  developed  over  a  long  section,  or 
over  several  short  sections,  then  in  order  to  keep  within  the  schedule  of 
progress,  the  method  of  enlarging  the  bore  at  one  jwint  only  would 
have  necessitated  such  radical  changes  as  to  jeopardize  the  success 
of  the  enterprise.  In  Rogers  Pass  Tunnel  it  was  possible  to  enlarge 
the  tunnel  at  one  point  only,  and  an  obstacle,  such  as  intense  ground 
pressure  at  the  enlargement  point,  would  have  necessitated  keeping 
the  timbering,  and  probably  also  the  masonry  lining,  close  to  the 
enlargement ;  and  thus  the  blasting  and  mucking  operations  would  have 
been  greatly  hampered. 

On  the  other  hand,  the  method  of  enlarging  the  bore  to  full  section 
from  several  working  points,  as  used  for  instance  in  the  Loetschberg, 
Hauenstein,  and  Grangs  Tunnels  in  Switzerland,  possesses  the  advan- 
tage of  being  adaptable  both  in  light  and  heavy  ground,  and,  under 
favorable  conditions,  such  as  met  in  Rogers  Pass  Tunnel,  the  drilling 
and  blasting  operations  are  at  least  as  economical  as  those  used  in 
the  last  bore  referred  to,  the  only  differences  being  the  temporary 
heading  timbering  and  the  removal  of  the  two  side  benches  adjacent 
to  the  heading. 

It  may  be  useless  to  point  out  here  that  the  removal  of  the  benches 
could  have  been  done  with  air-operated  shovels.  It  is  questionable, 
also,  whether  the  total  cost  of  driving  this  tunnel  by  the  method 
actually  adopted  was  less  than  it  would  have  been  by  using  the 
bottom-heading  method.  In  the  first  place,  the  pioneer  or  auxiliary 
tunnel  method  involves  practically  two  headings  instead  of  only  one, 
as  used  in  connection  with  the  European  method;  for,  in  this  case, 
the  length  of  the  pioneer  tunnel,  together  with  the  cross-cuts,  is  a 
little  more  than  20  000  ft.,  and,  of  course,  this  auxiliary  tunnel  is 
chargeable  to  the  main  bore.  Then,  also,  it  is  questionable  whether 
the  weathering  or  ground  pressure  will  not  incur  maintenance  charges 
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in  connection  with  the  pioneer  tunnel  and  the  cross-cuts,  in  order  to  Mr. 
avoid  disturbances  of  the  rock  surrounding  the  main  bore.  The 
practice,  also,  of  not  lining  the  main  bore  at  the  very  outset  is  open 
to  criticism,  as  it  is  always  desirable  to  prevent  initial  disturbances 
from  takinj^-  place  in  the  overlying  strata,  especially  in  deeply  overlaid 
tunnels,  rather  than  to  check  these  later,  perhaps  under  operating  con- 
ditions in  the  tunnel. 

The  speaker,  who  made  a  careful  study  of  the  proposition,  figured 
that,  on  the  assumption  of  a  daily  progress  of  20  ft.  from  each  portal, 
and  assuming  that  one-third  of  the  tunnel  would  necessitate  temporary 
timbering,  also  that  the  masonry  lining  would  follow  close  to  the 
excavation,  the  cost  of  driving  this  bore,  with  a  bottom  heading, 
would  be  $5  per  cu.  yd.,  exclusive  of  contractor's  profit.  Mr.  J.  G. 
Sullivan  has  stated*  that  the  cost  of  driving  the  timnel  through  rock, 
including  the  cost  of  driving  the  pioneer  tunnel  and  the  cross-cats, 
"will  amount  to  a  little  less  than  $5  per  eu.  yd.  for  excavation  in 
the  tunnel  proper." 

In  comparing  the  costs  of  different  methods,  the  mistake  has  often 
been  made  of  comparing  short  tunnels  with  long  ones,  such  as  the 
Simplon  or  the  Loetschberg;  for,  it  is  a  well-known  fact,  that  the 
cost  per  linear  foot  of  long  tunnels  is  higher  than  that  of  short  ones. 
For  instance:  for  the  first  kilometer  of  the  Loetschberg  Tunnel,  the 
cost  was  $100  per  lin.  ft.  including  lining;  the  cost  for  the  seventh 
kilometer  (center  of  tunnel)  was  $224  per  lin.  ft.,  the  average  for  the 
whole  bore  being  $201.65  per  lin.  ft. 

On  the  other  hand,  the  cost  of  Rogers  Pass  Tunnel  can  be  compared 
favorably  with  that  of  the  more  recently  completed  Hauenstein  Tunnel, 
26  680  ft.  long,  driven  under  conditions  very  similar  to  those  encoun- 
tered in  Rogers  Pass  Tunnel,  although  less  favorable.  The  wages  paid 
in  connection  with  the  Hauenstein  Tunnel  were  higher  than  in  the 
case  of  the  Loetschberg  Tunnel,  being  about  half  as  much  as  those 
paid  at  Rogers  Pass  Tunnel. 

On  the  other  hand,  the  tunnel  was  driven  20  000  ft.  from  the  south 
portal,  the  remaining  6  680  ft.  being  driven  from  the  north  portal,  and 
this  alone  increased  the  cost.  Another  feature  of  material  importance 
is  the  fact  that  the  bore  was  lined  throughout,  the  masonry  lining  being 
kept  close  to  the  excavation.  This  feature  also  complicates  driving 
operations,  and  increases  the  cost  of  excavation  by  about  50  cents 
per  cu.  yd. 

Finally,  the  mining  operations  had  to  be  carried  on  very  carefully 
on  account  of  swelling  ground,  and  at  several  points  masonry  inverts 
had  to  be  provided;  yet  the  cost  of  excavation  was  less  than  $2.70  per 
cu.  yd.  Had  it  been  possible  to  line  this  tunnel  after  the  completion 
of  the  excavation,  and,  also,  had  the  tunnel  been  taken  out  equally 

*  Engineering  News,  February  2'Uh,  1916. 
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Mr.      from  each  end,  there  is  no  doubt  that  the  cost  for  excavation  would 
not  have  been  more  than  $2.25  per  cu.  yd. 

This  bore  was  driven  at  an  average  speed  of  750  ft.  per  month 
for  the  heading,  for  a  whole  year  (maximum  1  030  ft.),  and  at  the 
rate  of  658  ft.  per  month  for  stoping  (maximum  870  ft.),  also  at  a 
rate  of  656  ft.  per  month  for  enlarging  to  full  section  (maximum  850 
ft.) ;  and  the  masonry  lining  was  carried  on  at  the  rate  of  650  ft. 
per  month. 

Mr.  Egbert  A.  Shailer,*  M.  Am.  See.  C.  E. — The  speaker  is  of  the 

Shaiier.  Qp^j-^jQj^  ^j^^l;  ^}^g  pioneer  heading,   entirely   outside   the  main  tunnel 
section,  is  a  new  feature  in  tunnel  construction. 

Apparently,  the  time  of  completion  was  vital,  and  the  fact  that  the 
contract  was  completed  more  than  11  months  ahead  of  the  specified 
time  surely  shows  that  the  adoption  of  the  pioneer  heading  was 
justified  economically. 

To  the  advantages  which  Mr.  Dennis  claims  for  this  heading  there 
might  be  added:  that  it  enabled  the  work  on  the  long  rock  tunnel  to 
be  well  under  way  before  the  earth  and  soft  ground  approaches  on  the 
east  and  west  ends  were  commenced;  also,  that  the  pioneer  heading 
served  the  purpose  of  a  pilot  tunnel  to  inform  the  contractor  as  to  the 
character  of  the  rock  through  which  the  main  tunnel  was  to  be  driven. 

Had  the  speaker's  opinion  been  asked  as  to  the  plant  layout  before 
the  work  was  commenced,  he  would  have  said  that  five  boilers,  each 
of  150  h.  p.,  would  prove  inadequate  to  fulfill  the  requirements  at  each 
end  of  the  tunnel,  namely :  4  000  ft.  of  free  air  compressed  to  100  to  125  • 
lb.,  and  1  500  ft.  of  free  air  compressed  to  1  000  to  1 100  lb.,  as  well  as 
power  for  the  lighting,  ventilating,  and  pumping  plants;  and  appar- 
ently, that  opinion  would  have  been-^in  some  degree,  at  least — correct, 
for,  the  author  says:  "The  boilers  were  run  generally  much  beyond 
their  nominal  rating",  and  this,  as  all  know^  is  not  good  for  the  boilers 
or  for  the  contractor's  pocketbook. 

It  is  noted  that  there  was  a  drop  of  approximately  15%  from  the 
power-house  pressure  to  the  drills,  and  of  25%  to  the  high-pressure 
charging  station,  due  probably  to  the  pipe  lines  being  of  too  small 
diameter.    This  loss  seems  excessive,  and  must  have  proved  expensive. 

The  descriptions  of  the  various  tunnel  operations  are  clear  and 
concise,  and  the  speaker  thinks  the  members  of  the  Society  are  indebted 

to  Mr.  Dennis  for  this  paper.  

*  New  York  City. 
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By  J.  E.  WiLLOUGHBY,  M.  Am.  Soc.  C.  E. 


J.  E.  WiLLOUGHBY,t  M.  Am.  Soc.  C.  E.  (by  letter).:}: — In  its  con-  Mr. 
elusions  on  the  Fundamental  Principles  of  Valuation,§  the  Committee  loughby. 
fails  to  direct  especial  attention  to  the  fact  that  the  principles  and 
methods  must  be  such  as  will  insure  to  a  property  subject  to 
competition  an  opportunity  to  benefit  in  what  is  sometimes  called  the 
unearned  increment,  in  order  to  attract  capital  to  the  service  of  the 
public.  The  investor  in  a  railroad  property  must  have  a  hope  of  gain 
beyond  the  current  rate  of  interest,  because  there  can  never  be  a 
guaranty  that  a  railway  (as  it  is  always  subject  to  competition)  will 
earn  the  current  rate  of  interest  on  its  "fair  value". 

The  Committee's  classification  of  "New  Properties",  "Old  Proper- 
ties under  Continuous  Regulation",  and  "Old  Properties  not  Under 
Continuous  Regulation",  leads  to  the  assumption  that  the  Committee 
considers  the  fair  value  of  the  property  to  be  related  in  some  way  to 
past  accounting.  Such  a  conclusion  is  unfortunate.  The  fair  value 
of  a  property  is  not  affected  in  any  way  by  the  accuracy  or  inaccuracy 
of  the  accounting.  The  book  record  only,  of  the  cost  of  a  property, 
is  thus  affected.  Even  if  the  capital  expenditure  accounting  were  cor- 
rectly kept  throughout  the  history  of  a  property,  the  accounting  would 

*  Presented  to  the  Annual  Meeting,  January  17th,   1917. 

t  Wilmington,  N.  C. 

t  Received  by  the  Secretary,  January  29th,   1917. 
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Mr.  show  merely  the  monies  expended  on  it,  less  retirements,  and  the  accrued 
loughby.  depreciation,  if  any,  and  the  accumulated  assets.  The  accounting  will 
not  show  the  fair  value  of  the  property. 

The  writer  is  not  in  sympathy  with  the  idea  that  a  property  has 
one  value  for  rate-making  purposes,  another  value  for  capitalization, 
and  yet  another  for  taxation.  It  is  quite  true  that  property  of  all 
kinds  is  returned  for  taxation  at  less  than  its  market  value.  Some 
States — e.  g.,  Alabama — fix  by  statute  what  percentage  of  the  market 
value  shall  be  subject  to  tax  levy;  in  other  States,  such  a  percentage 
is  fixed  by  common  consent.  It  is  also  true  that  it  will  be  imprudent 
for  the  operating  management  of  a  steam  railway  property  to  capitalize 
many  items  of  expenditure  which  the  Interstate  Commerce  Commission 
Accounting  Classification  permits — e.  g.,  the  assessment  against  the 
railway  for  a  sewer — because  the  expenditure,  being  in  the  nature  of  a 
tax,  ought  to  be  provided  for  out  of  income.  Only  those  expenditures 
should  be  capitalized  by  the  operating  management  as  may  increase 
the  revenues  of  the  railway;  as  may  lessen  the  operating  expenses;  or 
as  may  be  conducive  in  some  measure  to  the  safety,  comfort,  or  con- 
venience of  the  employees  or  patrons  of  the  railway.  The  rates  fixed 
by  and  for  the  railway  should  be  sufficient  to  provide  for  expenditures 
out  of  income  to  cover  all  expenditures  which  do  not  come  within  this 
classification. 

The  exception  which  the  Committee  makes  in  its  list  of  ^'Physical 
Property  to  be  Included  in  Valuation"  (page  1717)  under  "Excessive 
Size  or  Capacity"  is  not  consistent.  The  Committee  correctly  pro- 
poses to  value  the  actual  property  as  existing  on  the  day  of  valuation, 
and  not  a  substitute  property  serving  the  same  purpose.  The  Com- 
mittee should  not  vest  the  engineer  in  charge  of  the  valuation  with 
the  power  of  reviewing  the  errors  of  judgment  of  the  original  construc- 
tion, because  that  is  but  a  step  toward  valuing  the  theoretical  property, 
which  will  serve  the  same  purpose,  and  is  abhorrent  to  the  Committee's 
views.  Under  the  exception,  much  of  the  present  railway  construction 
will  be  eliminated  in  part  from  a  valuation.  There  are  noteworthy 
examples  in  the  Union  Passenger  Station  at  Washington,  the  Penn- 
sylvania Terminal  in  New  York  City;  and  in  abnormal  expenditures 
for  low  grades  and  multiple  tracks  in  some  recent  railway  construction. 

The  writer  will  add,  as  a  corollary  to  the  paragraph  "Title  to  Prop- 
erty not  Conclusive",  that  all  structures  on  land  to  which  the  owner 
of  the  public  utility  has  title  should  be  included  in  the  valuation.  The 
inventory  of  land  will  necessarily  include  all  lands  to  which  the  owner 
has  paper  title,  and  not  held  adversely  by  others;  and  also  all  lands 
which  the  owner  holds  adversely  to  others,  the  owner  being  without 
paper  title.  The  theory  of  the  law,  that  ownership  of  land  covers 
ownership  of  all  fixed  improvements,  gives  to  the  railway  owning  the 
land  all  fixed  improvements  thereon,  although  those  improvements  may 
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have  been  paid  for  wholly  or  in  part  by  others.  This  view  is  not  incon-  Mr. 
sistent  with  the  theory  of  cost  of  reproduction  which  requires  us  to  con-  lou^hby. 
sider  the  railway  under  investigation  as  the  junior  line.  Deeds  to  lands 
and  the  possession  of  lands  in  absence  of  deeds  are  the  physical  items 
of  an  inventory  of  lands,  just  as  the  cross-ties,  rails,  and  fastenings 
are  physical  items  of  an  inventory  of  track.  In  an  estimate  of  cost  of 
reproduction,  all  structures  and  appliances  that  exist  to  enable  the 
railway  under  investigation  (called  A)  to  cross  another  railway  (called. 
B)  must  necessarily  be  inventoried  in  favor  of  the  railway  A,  regard- 
less of  ownership  of  land,  because  such  expenditures  are  a  part  of  the 
cost  of  crossing.  The  railway  A,  under  investigation,  being  non- 
existent, must  provide  such  structures  and  appliances  as  will  enable 
railway  A  to  surmount  the  physical  obstacle  which  exists  as  railway  B. 
In  like  manner,  when  railway  B  is  under  investigation,  the  cost  of 
structures  and  appliances  to  cross  railway  A  must  be  inventoried  in 
favor  of  railway  B.  This  double  inventory  is  not  contrary  to  the  public 
interest,  because  the  public  benefits  enormously  in  the  reduction  of  unit 
costs  from  the  assumption  of  the  existence  of  all  railways  except  the 
railway  under  investigation,  and  suffers  only  a  very  small  addition  to 
the  collective  estimate  of  cost  of  reproduction  of  all  the  railways.  The 
writer  has  noticed  with  impatience  the  recent  discussion  of  methods 
for  dividing  the  cost  of  crossing  structures  between  the  two  railways 
on  some  historical  basis,  because  such  discussion  contemplates  merely 
a  way  to  prevent  the  assessment  twice  of  a  very  small  item  of  the  cost 
of  reproduction,  and  at  the  same  time  to  lessen  greatly  the  actual 
historical  costs  of  the  property  under  investigation  in  all  items  that 
the  presence  of  the  railway  to  be  crossed  will  affect. 

The  Committee  is  correct  in  its  conclusion  on  "Cost  of  Keproduc- 
tion"  (page  1719)  that  the  identical  property  is  to  be  reproduced,  and 
not  a  substitute,  and  that  normal  present  conditions  shall  determine 
the  prices  and  methods  for  doing  the  work.  It  is  worth  while  to  review 
just  what  these  conclusions  require  for  railway  valuation : 

1. — The  rail  and  fastenings,  ties,  ballast,  and  track  accessories 
must  be  considered  as  new,  and  of  the  quality  inventoried. 
It  is  true  that  many  branch  lines  of  the  greater  systems  were 
laid  with  relay  rail  on  the  date  of  first  construction,  but 
such  practice  was  a  result  of  the  development  of  the  system. 
It  will  be  inconvenient  to  go  into  this  feature  of  development 
expense — i.  e.,  to  assess  the  losses  to  the  railway  due  to  the 
removal  of  rail  from  principal  lines,  before  the  full  life  of 
the  rail  had  been  obtained,  so  that  relay  rail  for  branches 
might  be  available.  Considerable  quantities  of  relay  rail  are 
not  sold  in  the  market  for  new  construction,  and  therefore 
it  is  inconsistent  with  the  theory  of  reproduction  to  estimate 
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relay  rails  for  branch  lines  when  the  material  is  not  available 
for  purchase  for  such  works.  By  assessing  the  decretion  to 
the  rail  fastenings  and  track  accessories  in  branch  lines,  from 
new  to  the  date  of  inventory  condition,  the  interest  of  the 
public  will  be  fully  protected.  Many  sections  of  the  country 
are  without  suitable  ballast,  and  ballast  is  necessarily  handled 
for  long  distances,  over  tracks  that  have  been  surfaced  on  a 
temporary  ballast.  A  haul  is  now  being  made,  on  gravel 
ballast  to  points  in  Florida,  that  averages  490  miles.  The  unit 
costs  must  cover  the  haul.  The  construction  programme  will 
provide  properly  for  the  use  of  temporary  ballast,  and  the 
hauling  and  placing  of  the  permanent  ballast  after  comple- 
tion of  the  track  laying,  but  the  time  limit  for  construction 
must  be  greatly  extended,  and  special  equipment  must  be 
provided  for.  It  will  be  improper  to  consider  that  the  entire 
energies  of  the  railway  will  be  exerted  in  hauling  ballast. 
The  ballast  movement  will  be  subject  to  the  delays  of  the 
railway's  date  of  valuation  traffic — that  traffic  being  one  of 
the  present-day  conditions. 
2. — The  cuts  and  fills  must  be  of  the  dimensions  and  of  the 
materials  shown  on  the  date  of  valuation.  A  fill  made  of  rock 
or  of  clay  in  a  sand  country  must  be  so  inventoried,  regard- 
less of  whether  the  adjoining  country  exhibits  only  sand.  On 
many  of  the  railways  in  the  Atlantic  Coastal  Plain,  where  the 
soils  are  largely  sand,  clay  has  been  hauled  many  miles,  and 
at  great  cost,  to  aid  in  making  a  stable  embankment.  A  cut 
that,  at  the  date  of  the  inventory,  is  too  narrow  for  steam 
shovel  operation  must  have  unit  prices  affixed  commensurate 
with  the  cost  of  removal  by  wagons,  carts,  scrapers,  or  hand, 
and  must  have  a  time  limit  sufficient  for  these  slower  methods. 
The  cuts  in  Florida  sand  (which  is  too  light  to  support  teams) 
must  be  considered  as  being  removed  by  hand  (or  by  steam 
shovel  if  the  dimensions  warrant),  and  must  have  unit  prices 
affixed  on  such  basis.  Where  present-day  construction  methods 
still  provide  for  the  two-way  basis  of  pay  for  earthwork,  the 
two-way  basis  must  be  assumed.  Embankments  through  the 
swamps  of  the  Southeast,  which  will  require  trestles  for  con- 
struction, on  account  of  lack  of  available  borrow,  must  have 
that  feature  of  cost  considered.  Especial  attention  must  be 
given  to  inventory  the  condition  of  the  material  in  the  top 
surface  of  the  roadway.  All  the  older  railways,  by  the  tamp- 
ing action  of  traffic,  and  by  the  provision  of  select  soils  for 
track  surfacing  in  past  years,  have  built  up  the  roadbed  into 
a  dense  crust,  impervious  to  water,  and  of  great  sustaining 
power  for  the  ballast.     This  crust  is  an  asset  to  be  inven- 
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toried.  It  is  not  usually  obtained  in  present-day  construction  Mr. 
because  ballast  is  put  directly  on  the  soft  roadbed,  with  result-  loughby. 
ing  water  pockets  and  other  objectionable  features.  A  rock 
cut  in  a  town  or  city  must  have  unit  prices  large  enough  to 
cover  the  extra  cost  of  taking  the  rock  out  so  as  not  to  injure 
persons  and  property  adjoining,  although  the  town  or  city 
may  have  been  built  up  about  the  cut  after  the  latter  was 
actually  excavated.  Borrow  from  an  embankment  must  be 
taken  from  points  now  available.  The  inventory  must  locate 
available  borrow-pits.  Borrow  cannot  be  assumed  as  being 
taken  from  improved  city  property,  although  the  borrow  may 
have  been  originally  obtained  from  the  grading  of  vacant  lots 
before  the  city  was  built. 

3. — The  bridges,  trestles,  and  culverts  must  be  of  the  dimensions 
and  material  shown  on  the  date  of  inventory.  Where  stone, 
sand,  and  gravel  for  masonry  is  available  in  quantities  neces- 
sary for  the  completion  of  the  work  within  the  adopted  time 
limit  only  at  great  distances  from  the  work,  these  materials 
must  have  unit  prices  sufficient  to  cover  the  cost  of  hauling 
from  those  distant  points.  Concrete  is  now  being  built  on 
a  new  line  in  Central  Florida,  for  which  the  gravel  is  hauled 
600  miles,  and  for  which  sand  is  hauled  200  miles,  because 
there  is  neither  suitable  gravel  nor  sand  for  concrete  available 
in  the  territory  through  which  the  new  line  is  being  built. 

4. — The  right  of  way  of  the  railway  to  be  valued  is  cleared  and 
usually  grubbed.  Proper  consideration  of  these  items  requires 
that  they  shall  be  assessed  on  the  basis  of  the  condition  of 
adjoining  lands.  If  the  adjoining  lands  be  fields  that  are  now 
cleared  and  grubbed,  the  assumption  lies  that  the  right  of 
way  will  be  cleared  and  grubbed,  and  vice  versa. 

5. — Due  consideration  must  be  given  to  the  normal  resources  of 
the  country  as  to  labor  and  supervision.  Labor  is  limited  in 
amount,  and  any  great  increase  in  demand  for  labor  causes 
the  wages  to  rise  and  carries  increased  unit  costs.  The  con- 
struction programme  must  not  be  shorter  than  the  normal  labor 
resources  warrant. 

6. — The  annoyances,  expenses,  and  delays  of  and  to  the  conduct 
of  construction  works  under  present-day  public  antagonisms, 
political  chicane,  and  legal  proceedings  must  all  be  incor- 
porated in  the  costs  of  reproduction. 

The  writer  is  not  in  accord  with  the  Committee  that  ''history  must 
also  be  considered,  to  determine  what  is  to  be  reproduced,  the  condi- 
tions under  which  it  is  to  be  reproduced,  and  how  estimates  must  be 
made".    History  has  no  place  in  an  estimate  of  the  cost  of  reproduction 
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of  a  railway,  except  in  so  far  as  history  is  reflected  in  the  experience 
of  the  engineer  who  makes  the  valuation.  In  a  railway,  the  items  to 
be  reproduced  are  capable  of  being  inventoried  to  the  extent  that  such 
items  are  now  duly  inventoried  in  the  construction  engineer's  estimate 
in  advance  of  actual  construction  of  present-day  works.  The  idea 
underlying  cost  of  reproduction  is  to  fix :  For  what  money  can  the 
existing  property  be  built  now?  To  mix  the  past  with  the  present  will 
only  confuse  the  issue. 

In  making  a  proper  financial  and  construction  programme,  un- 
limited capital  must  not  be  assumed.  All  our  large  systems  of  railways 
have  been  built  up  slowly,  and  the  capital  required  has  been  available 
generally  on  reasonable  terms.  The  tendency  of  engineers  in  fixing 
a  programme  for  reproduction  is  to  consider  the  physical  items  only 
as  affecting  the  time  limit.  Experience  does  not  justify  ignoring  the 
effect  which  capital  requirements  will  have  on  the  time  limit,  the  unit 
prices,  and  the  total  cost  of  the  property. 

There  is  a  value  due  to  continuity  which  attaches  to  a  railway  right 
of  way,  but  this  value  is  not  to  be  considered  in  connection  with  the 
cost  of  reproduction.  It  must  be  considered  as  a  part  of  the  fair  value 
of  the  property  when  that  value  is  fixed. 

The  writer  expresses  his  approval  of  the  distinction  made  by  the 
Committee  between  "decretion"  and  "depreciation"  (page  1722).  For 
a  railway,  the  Committee  might  have  brought  out  more  clearly  the  fact 
that  decretion  is  an  operating  expense  which  for  the  older  railways  is 
taken  care  of  by  annual  renewals,  and  which  is  invariably  more  than 
offset  by  assets  of  the  railway  other  than  those  entering  into  a  cost  of 
reproduction  valuation. 

The  Committee's  conclusion  on  depreciation  (page  1726)  is  a 
correct  one.  The  words  "funds  held  in  reserve  for  such  property", 
mean,  of  course,  securities  as  well  as  cash. 

It  is  well  to  remember  that,  in  ascertaining  the  value  of  accrued 
depreciation,  the  basis  is  not  the  original  cost  of  the  item,  but  the 
replacement  cost.  As  an  example,  the  labor  cost  of  track  laying  and 
surfacing  on  new  lines  varies  from  $1  000  to  $2  000  per  mile.  The 
labor  cost  of  relaying  the  rail  and  fastenings,  chargeable  also  to  track 
laying  and  surfacing  under  the  Interstate  Commerce  Commission 
Classification,  varies  from  $200  to  $500  per  mile.  It  is  proper  to  apply 
decretion  to  track  laying  and  surfacing,  but  only  to  the  sum  necessary 
to  relay.  In  some  of  the  tentative  valuations  of  railways  lately  issued 
by  the  Interstate  Commerce  Commission,  depreciation  is  applied  to  the 
cost  of  track  laying  and  surfacing  as  of  new  lines,  and  the  accrued 
depreciation  so  determined  is  in  excess  of  the  total  cost  of  relaying, 
which  means  that  the  decretion  is  more  than  100%,  and  is  absurd. 

Appreciation  is  an  asset  to  be  added  to  cost  of  reproduction  new. 
The  Committee  is  correct  in  the  conclusion  that  appreciation  is  not  to 
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be  used  as  an  offset  to  depreciation.  This  conclusion  is  true  because  Mr. 
appreciation,  being  an  item  to  be  inventoried  and  valued  as  a  part  of  lougiiby. 
the  cost  of  reproduction  new,  cannot  be  used  as  an  offset,  any  more 
than  other  items  of  the  physical  make-ups  of  the  property  can  be  used 
as  such  an  offset.  The  solidification,  seasoning,  and  adaptation  of  a 
railway  is  as  real  an  item  of  construction  cost  as  is  the  cost  of  haul  of 
material  from  cut  to  fill. 

"Development  Expenses"  (page  1727)  should  properly  include  the 
losses  due  to  keeping  the  property  up  to  the  requirements  of  public 
use.  Many  items  of  permanent  railway  construction  are  abandoned 
because  substitute  structures  must  be  built  to  meet  the  public  needs. 
As  an  example,  consider  the  abandonment,  by  the  railways  of  the 
Southeast,  of  pile  foundations  for  wooden  trestles  when  public  service 
forced  the  substitution  of  10-ft.  trestle  spans  for  12  and  13-ft.  spans. 
There  are  single  systems  in  the  Southeast  with  more  than  70  miles  of 
wooden  trestles.  The  foundation  piles  abandoned  as  a  result  of  the 
public  requirements  will  cost  not  less  than  $10  000  per  mile.  The 
abandoned  property,  being  wood  permanently  moist,  has  a  life  expect- 
ancy that  is  practically  perpetual. 
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H.  S.  Schick,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — This  Com-    Mr. 
mittee  has  performed  a  valuable  service  in  a  matter  which  is  of  first 
importance  in  the  work  of  the  Society.     The  diagrams  accompanying 
the  report  are  interesting,  and  their  scope  and  limitations  have  been 
fully  discussed  by  the  Committee.  •  * 

An  important  principle  brought  out  in  the  report  should  receive 
further  attention,  for  the  purpose  of  emphasizing  the  helpfulness  of 
the  Society  in  promoting  effectually  the  feeling  of  reciprocal  useful- 
ness, the  spirit  of  co-operation  between  members,  and,  at  the  same 
time,  perform  a  service  of  especially  practical  value  to  the  profession. 

The  writer  refers  to  the  principle  that  the  compensation  of  every 
engineer,  aside  from  his  return  on  physical  capital  invested,  depends 
entirely  on  his  own  efficiency — both  his  technical  and  his  selling 
efficiency.  All  know,  on  the  one  hand,  as  stated  clearly  by  the  Com- 
mittee, that  engineers  frequently  receive  a  lower  compensation  than 
their  services  should  demand,  and,  on  the  other  hand,  that  the  search 
for  the  proper  man  to  perform  a  given  service  is  always  attended  with 
some  difficulty  and  much  loss  of  time.  This  difficulty  may  be  charged 
to  the  fact  that,  in  marketing  their  services,  engineers  are  not  always 
good  salesmen,  and  have  not  the  most  ready  means  to  acquire  reliable 

*  Presented  to  the  Annual  Meeting,  January  17tli,  1917. 

t  Wheeling,   W.   Va. 

t  Received   by   the   Secretary,    January   15th,   1917. 
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Mr.  disinterested  information  regarding  the  demand  for  their  work.  For 
a  number  of  years,  the  American  Society  of  Mechanical  Engineers  has 
maintained  a  bureau  for  the  purpose  of  gathering  and  publishing,  in 
several  ways,  just  such  data  for  the  use  of  its  members,  at  a  cost 
which  is  surprisingly  low,  and  with  highly  gratifying  results. 

This  matter  is  brought  to  the  attention  of  the  members  of  this 
Society,  now,  for  the  purpose  of  eliciting  discussion,  and  perhaps  ulti- 
mately turning  the  valuable  contribution  of  this  Committee  toward 
the  accomplishment  of  a  practical  end  which  will  be  of  much  satis- 
faction to  all. 

Mr.  Lewis  A.  Jones,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).! — There  is 

°°^^'  one  point  in  this  report  to  which  the  writer  desires  to  call  attention. 
In  Diagram  4,:}:  giving  the  average  yearly  compensation  grouped  with 
reference  to  nature  of  service,  the  curve  for  employees  of  the  National 
Government  is  shown  to  increase  in  a  fairly  regular  manner,  with 
an  average  yearly  compensation  of  $2  899.  Attention  is  called  to  the 
fact  that  no  distinction  is  made  between  army  and  navy  engineer  officers 
and  civilian  employees.  It  is  a  well-known  fact  that  engineer  officers 
in  the  Government  service  receive  practically  twice  as  much  as  civilian 
employees,  counting  the  allowances  for  quarters,  etc.,  and,  as  a  result, 
the  curve,  in  its  present  shape,  does  the  civilian  employees  an  injustice. 
Could  not  a  separate  curve  be  made  for  each?  The  writer  believes 
that  the  results  would  show  the  engineer  officers'  curve  following  closely 
the  curve  labeled  "Private  Companies",  and  that  for  the  civilian  engi- 
neers well  below  the  one  labeled  "States  and  Counties". 

Mr.       •  K.  S.  WiSE,§  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter ).||— This  report  is 


Wise 


very  complete  and  interesting,  so  far  as  it  relates  to  the  civil  engineer, 
and  the  Committee  deserves  a  great  deal  of  credit  for  its  work. 

The  writer  is  sure  that  a  great  many  of  our  members  would  like 
to  see  a  committee  appointed  to  investigate  and  find  ways  and  means 
of  regulating  the  fees  which  the  municipal  engineer  and  surveyor  should 
get  for  his  services.  As  it  is  now,  there  is  no  schedule  of  fees  on  which 
such  a  man  may  base  his  charges. 

On  account  of  keen  competition,  he  must  base  his  charges  on  local 
rates,  which  in  most  cases  have  been  established  for  many  years;  but, 
if  rates  were  established,  clients  would  not  go  shopping  to  see  which 
surveyor  would  do  his  work  the  cheapest. 

There  should  be  fixed  rates  for  establishing  grades,  cross-sections, 
and  calculations  of  quantities  on  street  work,  for  giving  lines  and 
grades  for  curbing,  guttering,  flagging,  macadamizing,  etc.     Minimum 

*  Montgomery,  Ala. 

t  Received  by  the  Secretary  January  6th,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1916. 

§  Passaic,   N.  J. 

II  Received  by  the  Secretary  January  13th,  1917. 
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rates  for  staking  out  lots,  based  on  the  size  of  the  lot,  for  surveying  Mr, 
and  mapping  out  land,  based  on  the  location ;  one  rate  for  the  fire  or  '^^" 
congested  district  and  another  for  the  rural  section. 

There  should  be  some  understanding  as  to  Court  charges,  not 
strictly  for  professional  work,  but  for  the  surveyor's  knowledge  as  to 
certain  lines,  maps,  etc.  In  the  district  around  Passaic,  N.  J.,  it  has 
been  the  habit  of  some  lawyers  to  employ  the  surveyor  to  locate  certain 
properties,  and  later  to  subpoena  him,  often  keeping  him  in  Court  two 
or  three  days,  breaking  up  his  field  party,  and  not  paying  him  for 
his  time  in  Court. 
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A.  H.  RHETT,f  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:]: — Integral    Mr. 
Water-Proofing  of  Concrete. — In  this  valuable  and  interesting  report§      ^  ' 
the  elusory  subject  of  the  water-proofing  of  concrete,  or  rendering  it 
impervious  to  the  percolation  of  water,  again  appears,  and  again  invites 
discussion. 

Reduced  to  its  most  practical  form,  the  question  becomes  merely 
whether  or  not  concrete  can  be  made  non-porous;  and,  if  so,  what  is 
the  simplest,  most  effective,  and  cheapest  method  of  doing  it. 

The  first  step  in  this  direction  should  be,  and  is,  the  proper  pro- 
portioning of  the  ingredients  to  fit  so  closely  and  compactly  that  no 
voids  remain,  and  much  experiment  and  investigation  has  been  done 
along  these  lines.  Repeated  experiment,  however,  has  seemed  to  show 
that,  with  the  best  possible  grading,  tamping,  and  mixing  with  avail- 
able aggregates,  there  still  remains  from  10  to  15%  of  voids,  while 
there  is  also  an  added  percentage  due  to  pocketing  of  water  or  air 
during  the  mixing  and  placing  process. 

It  is  not  essential,  of  course,  to  close  every  void  to  render  the 
concrete  water-proof,  as  far  as  percolation  through  it  is  concerned, 
because  continuity  of  the  voids  will  play  a  considerable  part  in  any 
percolation;  but  the  rendering  of  the  concrete  absolutely  non-porous 
is  desirable  sometimes  for  other  reasons.     The  entrance  into  the  pores 

*  Presented  to  the  Annual  Meeting,  January  17th,  1917. 
t  New   York   City. 

t  Received   by   the  Secretary,   January   11th,  1917. 
§  Proceedings,  Am.   Soc.  C.  E.,  for  December,  1916. 
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Mr.  of  water  affected  with  acid  or  alkaline  properties  gives  rise  to  disin- 
tegration of  the  concrete,  from  the  reaction  of  the  acid  or  alkali  and 
the  free  lime  always  present,  and  the  preservation  of  the  integrity 
of  the  concrete  is  more  important  than  the  actual  water-proofing  of  it. 
Furthermore,  any  such  reaction  would  eventually  render  the  concrete 
pervious,  even  if  it  were  not  so  originally. 

The  problem  then,  in  its  final  form,  becomes  one  of  closing  this 
10  to  15%  of  voids  that  remain  after  the  best  proportioning  has  been 
obtained  and  those  that  occur  from  the  pocketing  of  water  or  air  in 
the  concrete  during  the  mixing  process,  or  from  friction  between  the 
particles  of  the  aggregates  in  placing;  and  a  corrective  must  be  sought 
in  means  other  than  proportioning. 

A  study  of  the  hydration  of  Portland  cement  seems  to  show  that 
such  a  correction  lies  latent  in  the  cement  itself,  and  can  be  made 
available  under  proper  treatment. 

It  has  been  shown*  that  the  so-called  beta-orthosilicate  element  of 
Portland  cement  is  very  slow  to  hydrate,  and  that  but  little  trace  of 
its  hydration  is  found  in  any  cement  before  7  days,  and  in  some  cases 
it  does  not  appear  until  28  days,  but  that  when  this  hydration  does 
commence  it  progresses  as  long  as  water  is  present,  and  with  a  great 
increase  in  volume.  This  increase  in  the  volume  of  Portland  cement 
when  continually  mixed  with  water  has  been  also  strikingly  shown  by 
Nathan  C.  Johnson,t  Assoc.  M.  Am.  Soc.  C.  E. 

This  action  of  the  cement,  of  course,  must  occur  in  concrete  where 
the  mixing  is  thorough  and  when  water  is  held  in  the  mix  long  enough 
to  permit  it.  A  further  point  to  note  is  that  chemical  action  of  this 
sort  is  retarded  by  pressure,  and  would  be  most  active  in  the  direction 
of  least  resistance  and  consequently  into  the  void  spaces.  It  is  also 
an  interesting  fact  that  this  beta-orthosilicate  element  hydrates  with 
an  amorphous  and  not  a  crystalline  structure.  If  the  latter  were  the 
case,  there  would  be  a  tendency  to  disrupt  the  concrete,  but  the  amor- 
phous texture  of  the  increased  volume  enables  it  to  adjust  itself  to 
the  void  forms  and  fill  them. 

It  is  a  well-known  fact  in  daily  practice,  and  has  recently  been 
again  noted,:}:  that,  with  a  given  mix,  the  strength,  and  therefore 
density,  will  vary  directly  with  the  length  of  time  required  to  dry  out. 

It  would  seem  entirely  possible,  therefore,  theoretically  to  get  a  non- 
porous  concrete: 

(1) — If  the  aggregates  were  properly  proportioned; 

(2) — If  the  mixing  were  thorough; 

(3) — If  the  placing  and  tamping  were  properly  done; 

*  Technologic  Paper  No.  JfS,  U.  S.   Bureau  of  Standards. 

t  "Materials  vs.  Methods — Testimony  of  Moving  Pictures  in  the  Study  of 
Concrete,"  Engineering  Record,  December  4th,   1915. 

t  "The  Strength  and  Other  Properties  of  Concrete  as  Affected  by  Materials 
and  Methods  of  Preparation,"  Technologic  Paper  No.  58,  U.  S.  Bureau  of  Standards. 
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(4) — If  the  quantity  of  water  used  were  correct;  and  Mr. 

(5) — If  the  forms  were  kept  on  long  enough  to  insure  the  retention    *^^"" 
of  sufficient  water  to  hydrate  the  cement  thoroughly. 

Any  practictal  man  knows  the  difficulty  and  expense,  if  not  the 
impossibility,  of  obtaining  these  conditions,  and  it  becomes  a  very 
practical  question  as  to  whether  or  not  they  might  not  be  obtained 
by  a  less  expensive  and  more  automatic  or  fool-proof  method. 

Answer  to  this  question  has  been  sought  in  the  so-called  integral 
water-proofing  compounds,  and  they  have  been  produced  on  several 
theories. 

The  simplest  was  the  addition  of  some  very  finely  particled  inert 
material  that  would  fill  the  voids.  There  seems  to  be  no  reason  to 
doubt  that  the  addition  of  such  material  might,  to  a  certain  degree, 
compensate  for  a  faulty  proportion  of  aggregates,  but  could  scarcely 
be  relied  on  to  fill  such  voids  as  are  caused  by  the  mechanical  pocketing 
of  air  and  water  in  the  concrete  during  mixing,  or  by  the  friction  of 
the  particles  in  placing. 

Another  theory  has  been  to  mix  with  the  concrete  a  water-repellent 
material  that  will  coat  the  voids  and  pores  and  prevent  absorption. 
It  is  difficult  to  see,  though,  how  such  a  material  could  coat  the  pores 
without  coating  also  the  particles  of  cement  and  preventing  proper 
hydration,  or  how  it  could  be  relied  on  to  coat  every  pore. 

A  better  and  more  rational  theory,  however,  has  been  to  add  a 
material  which  will  lubricate  the  aggregates,  and  thus  enable  them  to 
settle  in  a  denser  mass  by  eliminating  the  friction,  and  which  will 
also  act  as  an  inert  void  filler.  Such  a  material  would  eliminate  the 
necessity  for  much  tamping,  and  would  compensate  to  a  certain  degree 
for  a  faulty  proportion  of  aggregates;  but  there  would  probably  still 
remain  a  certain  percentage  of  voids  due  to  the  air  and  water  pockets 
formed  in  the  mixing.  These,  it  would  seem,  can  really  only  be 
eliminated  by  the  swelling  action  caused  by  the  full  hydration  of 
the  cement,  as  described  previously. 

If,  however,  a  material  could  be  added  to  the  concrete  that  would 
not  only  act  as  a  lubricator  and  void  filler,  but,  in  addition,  would 
tend  to  hold  the  water  in  the  concrete  and  prevent  too  quick  drying, 
it  would  certainly  seem — on  perfectly  rational  grounds— to  compensate 
to  a  considerable  degree  for  faulty  proportioning,  careless  placing  and 
tamping,  inadequate  mixing,  and  early  removal  of  forms. 

Such  action,  moreover,  would  be  automatic,  and  might  well  prove 
much  less  expensive  and  more  practical  than  the  conditions  necessary 
to  obtain  the  same  result  without  the  addition  of  the  compound. 

The  object  of  this  discussion  has  been  to  show,  if  possible,  that 
there  is  a  theory  which  is  rational  and  will  explain  the  success  that 
has  attended  the  use  of  some  of  these  compounds,  in  so  many  instances. 
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Mr.    and  that  the  practical  evidence  of  their  effectiveness  cannot  be  candidly 

Rhett.    T  1    J 

disregarded. 

To  obtain  this  success,  these  materials  shovdd  be  used  intelligently. 
There  is  nothing  miraculous  about  their  action.  They  cannot  com- 
pensate for  cracking  or  breaking  of  the  concrete,  for  very  lean  mixes, 
or  for  an  acid  or  alkaline  content  in  the  sand,  but  they  can  and  do 
compensate,  to  a  degree  which  is  eminently  practical,  for  faulty  pro- 
portioning, careless  placing  and  tamping,  improper  mixing,  and  too 
quick  removal  of  the  forms. 
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AP^PEISTDIX    1. 

Accompanying  Report  of  the  Special  Committee  on  Valuation 
OF  Public  Utilities. 

DEPRECIATION   TABLES, 

Based  on  Compound-Interest  Method, 
Heretofore  Called  Equal-Annual-Payment  Method. 

Interest  Compounded  Annually. 
("  Value  "  is  value  at  end  of  year  ;  "  Dep. "  is  depreciation  during  year.) 

o-Year  Life. 


d    . 

Interest  Rate. 

Interp' 

tRate. 

Interest  Rate. 

Interest  Rate. 

4 

'/o 

5% 

6' 

b 

7( 

/o 

ix  f> 

<(>> 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

0 

100  0000 

18.4627 

100.0000 

18.0975 

100.0000 

17.7396 

100.0000 

17.3891 

1 

81.5373 

19.2012 

81.9025 

19.0023 

82.2604 

18.8041 

82.6109 

18.6063 

2 

62.3361 

19.9693 

62.9002 

19.9525 

63.4563 

19.9322 

64.0046 

19.9087 

3 

42.3668 

20.7680 

42.9477 

20.9501 

43.5241 

21.1282 

44.09=>9 

21.3024 

4 

21.5988 

21.5988 

21.9976 

21.9976 

22.3959 

22.3959 

22.79a5 

22.7935 

5 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

IC 

)-Year 

Life. 

0 

100.0000 

8.3291 

100.0000 

7.9505 

.    100.0000 

7.5868 

100.0000 

7.2377 

1 

91.6709 

8.6623 

92.0495 

8.3480 

92.4132 

8.0420 

92.7623 

7.7444 

2 

83.0086 

9.0088 

83.7015 

8.7654 

84.3712 

8.5245 

85.0179 

8.2865 

3 

73.9998 

9.3690 

74.9361 

9.2037 

75.8467 

9.0360 

76.7314 

8.8666 

4 

1 

64.6308 

9.7439 

65.7324 

9.6638 

66.8107 

9.. 5782 

67.8648 

9.4872 

5 

54.8869 

10.1336 

56.0686 

10.1470 

57.2325 

10.1528 

58.3776 

lo.isia 

6 

44.7533 

10.5389 

45.9216 

10.6544 

'-      47.0797 

10.7620 

48.2263 

10.8619 

7 

34.2144 

10.9606 

35.2672 

11.1871 

36.. 3177 

11.4078 

37.3644 

1 1 . 6223 

8 

33.2538 

11.3989 

24.0801 

11.7464 

24.9099 

12.0922 

25.7421 

12.4358 

9 

11.8549 

11.8549 

12.3337 

12.3337 

12.8177 

12.8177 

13.3063 

13.3063 

10 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

15 

-Year  . 

Life. 

.    0 

100.0000 

4.9941 

100.0000 

4.6342 

100.0000* 

4.2963 

100.0000 

3.9795 

1 

95,0059 

5.1939 

95.3658 

4.8660 

95.7037 

4.5540 

96.0205 

4.2580 

2 

89.8120 

5.4016 

90.4998 

5.1092 

91.1497 

4.8273 

91.7625 

4.5561 

3 

84.4104 

5.6177 

85.3906 

5.3646 

86.3224 

5,1170 

87.2064 

4.8750 

4 

78.7927 

5.8424 

80.0260 

5.6330 

81.2054 

5.4239 

82.3314 

5.2162 

5 

78.9503 

6.0760 

74.8930 

5.9146 

75.7815 

5.7493 

77.1152 

5.. 5814 

6 

66.8743 

6.3192 

68.4784 

6.2103 

70.0322 

6.0944 

71.5338 

5.9722 
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Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

s  »■ 

4% 

5% 

6% 

7% 

D  c3 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

7 

60.5551 

6.5719 

62.2681 

6.5209 

63.9378 

6.4601 

65.5616 

6.3901 

8 

53.9832 

6.8348 

55.7473 

6.8468 

57.4777 

6.8476 

59.1715 

6.8375 

9 

47.1484 

7.1081 

48.9004 

7.1892 

50.6301 

7.2584 

52.3340 

7.3160 

10 

40.0403 

7.3925 

41.7112 

7.5487 

43.3717 

7.6941 

45.0180 

7.8282 

11 

32.6478 

7.6882 

34.1625 

7.9261 

35.6776 

8.1555 

37.1898 

8.3762 

12 

24.9596 

7.9957 

26.2364 

8.3334 

27.5221 

8.6450 

28.8136 

8.9625 

13 

16.9639 

8.3156 

17.9140 

8.7385 

18.8771 

9.1636 

19.8511 

9.5899 

14 

8.6483 

8.6483 

9.1755 

9.1755 

9.7135 

9.7135 

10.2613 

10.2612 

15 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

2( 

)-Year 

Life. 

0 

100.0000 

3.3582 

100.0000 

3.0343 

100.0000 

2.7185 

100.0000 

2.4393 

1 

96.6418 

3.4925 

96.9757 

3.1755 

97.2815 

2.8815 

97.5607 

2.6100 

2 

93.1493 

3.6322 

93.8002 

3.3343 

94.4000 

3.0545 

94.9507 

2.7928 

3 

89.5171 

3.7775 

90.4660 

3.5010 

91.3455 

3.2377 

92.1579 

2.9882 

4 

85.7396 

3.9286 

86.9650 

3.6760 

88.1078 

3.4320 

89.1697 

3.1974 

5 

81.8110 

4.0857 

83.2890 

3.8598 

84.6758 

3.6379 

85.9723 

3.4213 

6 

77.7253 

4.2492 

79.4293 

4.0538 

81.0379 

3.8561 

83.5510 

3.6607 

7 

73.4761 

4.4191 

75.3764 

4.3554 

77.1818 

4.0876 

78.8903 

3.9169 

8 

69.0570 

4.5959 

71.1210 

4.4682 

73.0942 

4.3328 

74.9734 

4.1912 

9 

64.4611 

4.7797 

66.6528 

4.6916 

68.7614 

4.5928 

70.7822 

4.4845 

10 

59.6814 

4.9709 

61.9612 

4.9262 

64.1686 

4.8684 

66.2977 

4.7985 

11 

54.7105 

5.1698 

57.0:^50 

5.1725 

59.3003 

5.1604 

61.4992 

5.1343 

12 

49.5407 

5.3766 

51.8625 

5.4311 

54.1398 

5.4701 

56.3649 

5.4938 

13 

44.1641 

5.5916 

46.4314 

5.7027 

48.6697 

5.7982 

50.8711 

5.8783 

14 

38.5725 

5.8152 

40.7287 

5.9878 

43.8715 

6.1462 

44.9928 

6.2898 

15 

32.7573 

6.0479 

34.7409 

6.2872 

36.7253 

6.5149 

38.7030 

6.7301 

16 

26.7094 

6.2898 

28.4537 

6.6016 

30.2104 

6.9059 

31.9729 

7.2012 

17 

20.4196 

6.5414 

21.8521 

6.9317 

23.3045 

7.3302 

24.7717 

7.7052 

18 

13.8782 

6.8031 

14.9204 

7.2783 

15.9843 

7.7593 

17.0665 

8.2446 

19 

7.0751 

7.0741 

7.6421 

7.6421 

8.2250 

8.2250 

8.8219 

8.8219 

20 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 
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25- Year  Life. 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

4% 

5% 

6%                   1 

7% 

<>> 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

0 

100.0000 

2.4012 

100.0000 

2.0952 

lOO.OOOO 

1.8227 

100.0000 

1.5811 

1 

97.5988 

2.4972 

97.9018 

2.2001 

98.1773 

1.9320 

98.4189 

1.6917 

2 

95.1016 

2.5972 

95.7047 

2.3100 

96.2453 

2.0480 

96.7272 

1.8101 

3 

92.5044 

2.7010 

93.3947 

2.4254 

94.1973 

2.1708 

94.9171 

1.9369 

4 

89.8034 

2.8091 

90.9693 

2.5468 

92.0265 

2.3011 

92.9802 

2.0724 

5 

86.9943 

2.9214 

88.4225 

2.6742 

89.7254 

2.4391 

90.9078 

2.2175 

6 

84.0729 

3.0883 

85.7483 

2.8078 

87.2863 

2.5855 

88.6903 

2.3728 

7 

81.0346 

3.1598 

82.9405 

2.9482 

84.7008 

2.7406 

86.3175 

2.5388 

8 

77.8748 

3.2862 

79.9923 

3.0957 

81.9602 

2.9051 

83.7787 

2.7165 

9 

74.5886 

3.4176 

76.8966 

3.2504 

79.0551 

3.0794 

81.0622 

2.9067 

10 

71.1710 

3.5544 

73.6462 

3.4129 

75.9757 

3.2641 

78.1555 

3.1102 

11 

67.6166 

3.6965 

70.2333 

3.5836 

72.7116 

3.4600 

75.0453 

3.3279 

12 

63.9201 

3.8444 

66.6497 

3.7627 

69.2516 

3.6675 

71.7174 

3.5608 

13 

60.0757 

3.9982 

62.8870 

3.9509 

65.5841 

3.8877 

68.1566 

3.8101 

14 

56.0775 

4.1581 

58.9361 

4.1485 

61.6964 

4.1208 

64.3465 

4.0768 

15 

51.9194 

4.3244 

54.7876 

4.3559 

57.5756 

4.3682 

60.2697 

4.3622 

16 

47.5950 

4.4974 

50.4317 

4.5736 

58.2074 

4.6302 

55.9075 

4.6675 

17 

43.0976 

4.6773 

45.8581 

4.8024 

48.5772 

4.9081 

51.2400 

4.9942 

18 

88.4203 

4.8643 

41.0557 

5.0424 

43.6691 

5.2025 

46.2458 

5.3439 

19 

33.5560 

5.0590 

36.0183 

5.2946 

38.4666 

5.5147 

40.9019 

5.7179 

20 

28.4970 

5.2613 

30.7187 

5.5593 

32.9519 

5.8455 

35.1840 

6.1181 

21 

23.2357 

5.4718 

25.1594 

5.8373 

27.1064 

6.1963 

29.0659 

6.5465 

22 

17.7639 

5.6906 

19.3221 

6.1291 

20.9101 

6.5681 

22.5194 

7.0047 

23 

12.0733 

5.9183 

13.1930 

6.4356 

14.3420 

6.9621 

15.5147 

7.4950 

24 

6.1550 

6.1550 

6.7574 

6.7574 

7.3799 

7.3799 

8.0197 

8.0197 

25 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

30- Year  Life. 


0 

100.0000 

1.7830 

100.0000 

1.5051 

100.0000 

1.2649 

100.0000 

1.0586 

1 

98.2170 

1.8543 

98.4949 

1.5804 

98.7351 

1.3408 

98.9414 

1.1328 

2 

96.3627 

1.9285 

96.9145 

1.6595 

97.3943 

1.4212 

97.8086 

1.2120 

3 

94.4342 

2.0057 

95.2550 

1.7428 

95.9731 

1.5065 

96.5966 

1.2969 
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30-Year  Lifk. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

■9  to 

4% 

5% 

6% 

79 

'o 

«  3 

Of. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

4 

92.4285 

2.0859 

93.5127 

1.8296 

94.4666 

1.5969 

95.2997 

1.3877 

5 

90.3426 

2.1693 

91.6831 

1.9209 

92.8697 

1.6927 

93.9120 

1.4848 

6 

88.1733 

2.2560 

89.7622 

2.0171 

91.1770 

1.7943 

92.4273 

1.5887 

7 

85.9173 

2.3463 

87.7451 

2.1179 

89.3827 

1.9019 

90.8385 

1.6999 

8 

83.5710 

2.4402 

85.6272 

2.2238 

87.4808 

2.0161 

89.1386 

1.8190 

9 

81.1308 

2.5378 

83.4034 

2.3349 

85.4647 

2.1370 

87.3196 

1.9463 

10 

78.5930 

2.6393 

81.0685 

2.4518 

83.3277 

2.3652 

85.3734 

2.0825 

11 

75.9537 

2.7449 

78.6167 

2.5743 

81.0625 

2.4011 

83.2909 

2.2383 

12 

73.20^8 

2.8545 

76.0424 

2.7030 

78.6614 

2.5452 

81.0626 

2.3843 

13 

70.3543 

2.9689 

73.3.394 

2.8382 

76.1162 

2.6980 

78.6783 

2.5511 

14 

67.3854 

3.0877 

70.5012 

2.9800 

73.4182 

2.8597 

76.1272 

2.7297 

15 

64.2977 

3.2111 

67.5212 

3.1291 

70.5585 

3.0314 

73.3975 

2.9209 

16 

61.0866 

3.3395 

64.3921 

3.2856 

67.5271 

3.3133 

70.4766 

3.1254 

17 

57.7471 

3.4731 

61.1065 

3.4498 

64.3138 

3.4061 

67.3513 

3.3439 

18 

54.2740 

3.6121 

57.6567 

3.6223 

60.9077 

3.6104 

64.0073 

3.5783 

19 

50.6619 

3.7565 

54.0344 

3.8034 

57.2973 

3.8271 

60.4391 

3.8386 

20 

46.9054 

3.9068 

50.2310 

3.9936 

53.4702 

4.0566 

56.6005 

4.0966 

21 

42.9986 

4.0631 

46.2374 

4.1933 

49.4136 

4.3001 

52.5039 

4.3833 

22 

38.9355 

4.2256 

42.0441 

4.4029 

45.1135 

4.5581 

48.1206 

4.6903 

23 

34.7099 

4.3946 

37.6412 

4.6231 

40.5554 

4.8316 

43.4304 

5.0186 

24 

30.3153 

4.5704 

33.0181 

4.8543 

35.7238 

5.1214 

38.4118 

5.8698 

25 

25.7449 

4.7532 

28.1638 

5.0968 

30.6024 

5.4288 

33.0420 

5.7457 

26 

20.9917 

4.94.33 

23.0670 

5.3519 

25.1736 

5.7544 

37.3963 

6.1479 

27 

16.0484 

5.1411 

17.7151 

5.6194 

19.4192 

6.0998 

21.1484 

6.5782 

28 

10.9073 

5.3467 

12.0957 

5.9005 

13.3194 

6.4657 

14.5703 

7.0387 

29 

5.5606 

5.5606 

6.1952 

6.1952 

6.8537 

6.8537 

7.5315 

7.5315 

30 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

35 

-Year  ] 

Life. 

0 

100.0000 

1.3577 

100.0000 

1.1072 

100.0000 

0.8974 

100.0000 

0.7234 

1 

98.6433 

1.4121 

98.8928 

1.1625 

99.1026 

0.9512 

99.2766 

0.7740 

.   2 

97.2302 

1.4685 

97.7303 

1.2207 

98.1514 

1.0083 

98.5026 

0.8282 

3 

95.7617 

1.5273 

96.5096 

1.2816 

97.1431 

1.0688 

97.6744 

0.8862  ■ 
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35-Year  Life. — (Continued.) 


Interest  Rate.      | 

Interest  Rate. 

Interest  Rate.      | 

Interest  Rate. 

40/ 

) 

5% 

60/ 

) 

7% 

<  ^ 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

4 

94.2344 

1.5884 

95.2280 

1.3458 

96.0743 

1.1339 

96.7882 

0.9483 

5 

92.6460 

1.6519 

93.8822 

1.4131 

94.9414 

1.2010 

95.8399 

1.0146 

6 

90.9941 

1.7179 

92.4691 

1.4837 

93.7404 

1.2729 

94.8253 

1.0856 

7 

89.2762 

1.7867 

90.9854 

1.5579 

92.4675 

1.3493 

93.7397 

1.1616 

8 

87.4895 

1.8581 

89.4275 

1.6358 

91.1182 

1.4303 

92.5781 

1.2429 

9 

85.6314 

1.9325 

87.7917 

1.7176 

89.6879 

1.5163 

91.3353 

1.3300 

10 

83.6989 

2.0098 

86.0741 

1.8035 

88.1717 

1.6071 

90.0052 

1.4230 

11 

81.6891 

3.0902 

84.2706 

1.8936 

86.5646 

1.7034 

88.5822 

1.5226 

12 

79.5989 

2.1737 

82.3770 

1.9883 

84.8612 

1.8058 

87.0596 

1.6293 

13 

77.4252 

2.2607 

80.3887 

2.0877 

83.0554 

1.9140 

85.4303 

1.7432 

14 

75.1645 

2.3512 

78.3010 

2.1922 

81.1414 

3.0389 

83.6871 

1.8653 

15 

72.8133 

2.4452 

76.1088 

2.3017 

79.1125 

3.1506 

81.8318 

1.9959 

16 

70.3681 

2.5430 

73.8071 

2.4168 

76.9619 

3.2797 

79.8259 

2.1356 

17 

67.8251 

2.6447 

71.3903 

S.5377 

74.6822 

2.4165 

77.6903 

2.2851 

18 

65.1804 

2.7505 

68.8526 

2.6645 

72.2657 

2.5614 

75.4053 

2.4450 

19 

62.4299 

2.8605 

66.1881 

2.7978 

69.7043 

2.7152 

72.9602 

3.6163 

20 

59.5694 

2.9750 

63.3903 

2.9376 

66.9891 

2.8780 

70.3410 

3.7993 

21 

56.5944 

3.0939 

60.4527 

3.0845 

64.1111 

3.0507 

67.5447 

3.9953 

22 

53.5005 

3.2178 

57.3682 

3.2388 

61.0604 

3.3338 

64.5494 

3.3049 

23 

50.2827 

3.3464 

54.1294 

3.4007 

57.8266 

3.4378 

61.3445 

3.4393 

24 

46.9363 

3.4803 

50.7287 

3.5708 

54.3988 

3.6334 

57.9152 

3.6693 

25 

43.4560 

3.6195 

47.1579 

3.7492 

50.7654 

3.8515 

54.2459 

3.9262 

26 

39.8365 

3.7642 

43.4087 

3.9367 

46.9139 

4.0836 

50.3197 

4.3010 

27 

36.0723 

3.9149 

39.4720 

4.1337 

42.8313 

4.3375 

46.1197 

4.4951 

28 

32.1574 

4.0714 

35.3383 

4.3403 

;i8.5038 

4.5871 

41.6236 

4.8097 

29 

28.0860 

4.2343 

30.9980 

4.5572 

33.9167 

4.8634 

36.8139 

5.1464 

30 

23.8517 

4.4037 

26.4418 

4.7851 

29.0543 

5.1541 

31.6675 

5.5067 

81 

19.4480 

4.5798 

21.6557 

5.0244 

23.9002 

5.4634 

26.1608 

5.8932 

32 

14.8682 

4.7630 

16.6313 

5.2756 

18.4368 

5.7911 

20.3686 

6.3046 

33 

10.1052 

4.9535 

11.3557 

5.5394 

12.6457 

6.1387 

13.9640 

6.7469 

34 

5.1517 

5.1517 

5.8163 

5.8163 

6.5070 

6.5070 

7.3181 

7.2181 

35 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 
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40-Year  Life. 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

0   . 

—  « 

4? 

0 

59 

0 

69 

0 

70 

b 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

0 

100.0000 

1.0534 

100.0000 

0.8278 

100.0000 

0.6462 

100.0000 

0..5009 

1 

98.9476 

1.0944 

99.1722 

0.8692 

99.3538 

0.6849 

99.4991 

0.5360 

2 

97.8532 

1.1382 

98.3030 

0.9127 

98.6689 

0.7360 

98.9631 

0.5735 

3 

96.7150 

1.1838 

97.3903 

0.9583 

97.9439 

0.7696 

98.3896 

0.6136 

4 

95.5312 

1.2311 

96.4320 

1.0063 

97.1733 

0.8157 

97.7760 

0.6566 

5 

94.3001 

1.2803 

95.4358 

1.0565 

96.3576 

0.8647 

97.1194 

0.7026 

6 

93.0198 

1.3316 

94.3693 

1.1093 

95.4939 

0.9166 

96.4168 

0.7517 

7 

91.6882 

1.3848 

93.2600 

1.1648 

94.5T63 

0.9716 

95.6651 

0.8044 

8 

90.3034 

1.4403 

92.0953 

1.2230 

93.0047 

1.0399 

94.8607 

0.8606 

9 

88.8633 

1.4978 

90.8723 

1.3843 

93.5748 

1.0916 

94.0001 

0.9210 

10 

87.3654 

1.5677 

89.5880 

1.3484 

91.4832 

1.1573 

93.0791 

0.9853 

11 

85.8077 

1.6301 

88.2396 

1.4158 

90.3260 

1.2366 

93.0938 

1.0544 

12 

84.1876 

1.6848 

86.8238 

1.4866 

89.0994 

1.3002 

91.0394 

1.1281 

13 

83.5028 

1.7523 

85.3372 

1.5610 

87.7998 

1.3782 

89.9113 

1.2071 

14 

60.7505 

1.8323 

83.7762 

1.6390 

86.4210 

1.4609 

88.7043 

1.3917 

15 

78.9282 

1.8953 

83.1373 

1.7210 

84.9601 

1.5485 

87.4135 

1.3830 

16 

77.0330 

1.9710 

80.4162 

1.8070 

83.4116 

1.6415 

86.0304 

1.4788 

17 

75.0620 

3.0499 

78.6092 

1.8974 

81.7701 

1.7399 

84.5517 

1.5823 

18 

73.0121 

3.1319 

76.7118 

1.9933 

80.0302 

1.8443 

83.9694 

1.6930 

19 

70.8802 

2.3171 

74.7195 

3.0919 

78.1859 

1.9550 

81.3764 

1.8116 

20 

68.6631 

3.3059 

73.6276 

3.1965 

76.2309 

2.0734 

79.4648 

1.9384 

21 

66.3573 

2.3980 

70.4311 

2.3063 

74.1585 

3.1966 

77.5264 

3.0741 

22 

63.9593 

3.4940 

68.1248 

3.4316 

71.9619 

3.3384 

75.4523 

3.2192 

23 

61.4652 

3.5937 

65.7032 

2.5427 

69.6335 

2.4682 

73.2331 

2.3746 

24 

58.8715 

2.6975 

63.1605 

2.6698 

67.1653 

2.6162 

70.8585 

2.5408 

25 

56.1740 

2.8054 

60.4907 

2.8033 

64.5491 

2.7732 

68.3177 

2.7187 

26 

53.3686 

3.9176 

57.6874 

2.9434 

61.7759 

2.9396 

65.5990 

2.9090 

27 

50.4510 

3.0343 

54.7440 

3.0906 

58.8363 

3.1160 

63.6900 

3.1126 

28 

47.4167 

3.1557 

51.6534 

3.3451 

55.7203 

3.3029 

59.5774 

3.3305 

29 

44.2610 

3.2819 

48.4083 

3.4074 

52.4174 

3.5011 

56.2469 

3.5636 

30 

40.9791 

3.4132 

45.0009 

3.5778 

48.9163 

3.7113 

53.6833 

3.8131 

31 

37.5659 

3.5498 

41.4231 

3.7567 

45.2051 

3.9339 

48.8702 

4.0800 

32 

34.0161 

3.6916 

37.6664 

3.9445 

41.2712 

4.1699 

44.7902 

4.3656 
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40-Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate.       ! 

Interest  Rate. 

Interest  Rate. 

4% 

5»/( 

60/0 

7% 

^^ 

<>-. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep, 

33 

30.3245 

3.8393 

33.7219 

4.1417 

37.1013 

4.4200 

40.4246 

4.6712 

34 

26.4852 

3.9930 

29.5802 

4.3488 

32.6813 

4.6853 

35.7534 

4.9982 

35 

22.4922 

4.1526 

25.2314 

4.5663 

27.9%0 

4.9664 

30.7553 

5.3480 

36 

18.3396 

4.3189 

20.6652 

4.7946 

23.0296 

5.2644 

25.4072 

5.7235 

37 

14.0207 

4.4915 

15.8706 

5.0343 

17.7652 

5.5802 

19.6847 

6.1329 

38 

9.5292 

4.6712 

10.8363 

5.2860 

12.1850 

5.9151 

13.5618 

6.5516 

39 

4.8580 

4.8580 

5.5503 

5.5503 

6.2699 

6.2699 

7.0102 

7.0102 

40 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

10 

11 

12 
13 

14 
15 
16 
17 
18 
19 
20 
21 


100.0000 
99.1738 
98.3145 
97.4308 
96.4914 
95.5248 
94.5195 
93.4740 
92.3868 
91.2560 
90.0800 
88.8570 
87.5850 
86.2621 
84.8864 
83.4556 
81.9676 
80.4200 
78.8106 
77.1368 
75.3960 
73.5856 


0.8262 
0.8593 
0.8937 
0.9294 
0.9666 
1.0053 
1.0455 
1.0872 
1.1308 
1.1760 
1.2230 
1.3730 
1.3229 
1.3757 
1.4308 
1.4880 
1.5476 
1.6094 
1.6738 
1.7408 
1.8104 
1.8828 


4.5 

100.0000 
99.3738 
98.7163 
98.0260 
97.3011 
96.5400 
95.7408 
94.9016 
94.0206 
93.0955 
92.1241 
91.1041 
90.0311 
88.9086 
87.7279 
86.4881 
85.1863 
83.8195 
82.3843 
80.8773 
79.2950 
77.6*36 


•Year 

0.6262 
0.6575 
0.6903 
0.7249 
0.7611 
0.7992 
0.8392 
0.8810 
0.9251 
0.9714 
1.0300 
1.0710 
1.1345 
1.1807 
1.3398 
1.3018 
1.3668 
1.4352 
1.5070 
1.5823 
1.6614 
1.7445 


Life. 

100.0000 
99.b300 
99.0-317 
98.5034 
97.94.37 
97.3503 
96.7213 
96.0545 
95.3477 
94.5985 
93.8044 
92.9626 
92.0703 
91.1344 
90.1319 
89.0591 
87.9336 
86.7385 
85.4738 
84.1311 
83.7089 
81.3014 


0.4700 
0.4983 
0.5383 
0.5597 
0.5934 
0.6390 
0.6668 
0.7068 
0.7492 
0.7941 
0.8418 
0.8923 
0.9459 
1.0025 
1.0628 
1.1365 
1.1941 
1.3657 
1.3417 
1.4323 
1.5075 
1.5979 


100.0000 
99.5600 
99.2756 
98.8749 
98.4462 
97.9875 
97.4967 
96.9715 
96.4095 
95.8082 
95.1648 
94.4764 
93.7398 
92.9516 
92.1083 
91.2059 
90.2404 
89.2073 
88.1018 
86.9190 
85.6533 
84.2991 
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45- Year  Life. — ( Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

•See 

4% 

5» 

0 

6% 

7% 

0)  68 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

22 

71.7028 

1.9581 

75.8891 

1.8317 

79.6035 

1.6939 

82.8501 

1.5504 

23 

69.7447 

2.0365 

74.0574 

1.9233 

77.9096 

1.7954 

81.2997 

1.6590 

24 

67.7082 

2.1180 

72.1341 

2.0195 

76.1142 

1.9033 

79.6407 

1.7751 

25 

65.5902 

2.2026 

70.1146 

2.1205 

74.3109 

2.0174 

77.8656 

1.8994 

26 

63.3876 

2.2907 

67.9941 

2.2264 

72.1935 

2.1383 

75.9662 

2.0323 

27 

61.0969 

2.3824 

65.7677 

2.3378 

70.0552 

3.3668 

73.9339 

2.1746 

28 

58.7145 

2.4777 

63.4299 

2.4548 

67.7884 

3.4028 

71.7593 

2.3268 

29 

•    56.2368 

2.5768 

60.9751 

2.5773 

65.3856 

2.5469 

69.4325 

2.4897 

30 

53.6600 

2.6798 

58.3978 

2.7062 

62.8387 

2.6997 

66.9428 

2.6640 

31 

50.9802 

2.7870 

55.6916 

3.8417 

60.1390 

2.8617 

64.2788 

2.8504 

32 

48.1932 

2.8986 

53.8499 

2.9837 

57.27ra 

3.0334 

61.4284 

3.0499 

33 

45.2946 

3.0144 

49.8662 

3.1328 

54.3439 

3.2155 

58.3785 

3.2635 

34 

43.2802 

3.1350 

46.7334 

3.2896 

51.0384 

3.4083 

55.1150 

3.4920 

35 

39.1462 

3.2605 

43.4438 

3.4539 

47.6301 

3.6129 

51.6230 

3.7363 

36 

35.8847 

3.3909 

39.9899 

3.6267 

44.0072 

3.8396 

47.8867 

3.9979 

37 

32.4938 

3.5364 

36.3632 

3.8081 

40.1776 

4.0594 

43.8888 

4.3777 

88 

28.9674 

3.6676 

32.5551 

3.9983 

36.1182 

4.3039 

39.6111 

4.5772 

39 

25.2998 

3.8142 

28.5568 

4.1984 

31.8153 

4.5613 

35.0339 

4.8976 

40 

21.4856 

3.9669 

24.3584 

4.4083 

27.2541 

4.8348 

30.1363 

5.2404 

41 

17.5187 

4.1255 

19.9501 

4.6286 

22.4193 

5.1349 

24.8959 

5.6073 

42 

13.3932 

4.2905 

15.3215 

4.8600 

17.2944 

5.4323 

19.2886 

5.9997 

43 

9.1027 

4.4621 

10.4615 

5.1032 

11.8621 

5.7584 

13.2889 

6.4197 

44 

4.6406 

4.6406 

5.3583 

5.3583 

6.1037 

6.1037 

6.8692 

6.8693 

45 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

50- Year  Life, 


0 

1 

100.0000 
99.3450 

0.6550 
0.6812 

100.0000 
99.5223 

0.4777 
0.5015 

100.0000 
99.6556 

0.3444 
0.3651 

100.0000 
99.7540 

0.2460 
0.2632 

2 

98.6688 

0.7085 

99.0208 

0.5267 

99.2905 

0.3870 

99.4908 

0.3816 

3 

97.9553 

0.7368 

98.4941 

0.5529 

98.9035 

0.4102 

99.2092 

0.3014 

4 

97.2185 

0.7663 

97.9412 

0.5806 

98.4933 

0.4349 

98.9078 

0.8324 

5 

96.4523 

0.7969 

97.3606 

0.6097 

98.0584 

0.4609 

98.5854 

0.3450 
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50- Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate.      | 

Interest  Rate. 

Interest  Rate. 

5^ 

4% 

50/ 

0 

6% 

7% 

bo* 
<>> 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

6 

95.6558 

0.8288 

96.7509 

0.6401 

97.5975 

0.4886 

98.2404 

0.3692 

7 

94.8265 

0.8620 

96.1108 

0.6722 

97.1089 

0.5179 

97.8713 

0.3950 

8 

93.9645 

0.8964 

95.4386 

0.7057 

96.5910 

0.5489 

97.4763 

0.4226 

9 

93.0681 

0.9323 

94.7329 

0.7410 

96.0421 

0.5819 

97.0536 

0.4522 

10 

92.1358 

0.9696 

93.9919 

0.7781 

95.4602 

0.6169 

96.6014 

0.4839 

11 

91.1662 

1.0084 

93.2138 

0.8170 

94.8438 

0.6538 

96.1175 

0.5178 

12 

90.1578 

1.0487 

92.3968 

0.8578 

•94.1895 

0.6981 

95.5997 

0.5540 

13 

89.1091 

1.0906 

91.5390 

0.9008 

93.4%4 

0.7346 

95.0457 

0.5928 

14 

88.0185 

1.1343 

90.6382 

0.9457 

92.7618 

0.7787 

94.4539 

0.6343 

15 

86.8842 

1.1797 

89.6925 

0.9931 

91.9831 

0.8255 

93.8186 

0.6786 

16 

85.7045 

1.2268 

88.6994 

1.0427 

91.1576 

0.8749 

93.1400 

0.7262 

17 

84.4777 

1.2759 

87.6567 

1.0948 

90.2827 

0.9275 

92.4188 

0.7771 

18 

83.2018 

1.3270 

86.5619 

1.1496 

89.3552 

0.9831 

91.6367 

0.8314 

19 

81.8748 

1.3800 

85.4123 

1.2071 

88.3721 

1.0421 

90.8053 

0.8896 

20 

80.4948 

1.4353 

84.2052 

1.2674 

87.3300 

1.1046 

89.9157 

0.9519 

21 

79.0595 

1.4926 

82.9378 

1.3307 

86.2254 

1.1710 

88.9638 

1.0185 

22 

77.5669 

1.5523 

81.6017 

1.3974 

85.0544 

1.3411 

87.9453 

1.0898 

23 

76.0146 

1.6144 

80.2097 

1.4672 

83.8133 

1.3156 

86.8555 

1.1661 

21 

74.4002 

1.6791 

78.7425 

1.5405 

82.4977 

1.3946 

85.6894 

1.2477 

25 

72.7211 

1.7461 

77.2020 

1.6176 

81.1031 

1.4782 

84.4417 

1.3351 

26 

70.9750 

1.8161 

75.5844 

1.6984 

79.6249 

1.5670 

83.1066 

1.4385 

27 

69.1589 

1.8887 

73.8860 

1.7834 

78.0579 

1.6610 

81.6781 

1.5385 

28 

67.2702 

1.9642 

72.1026 

1.8726 

76.3969 

1.7606 

80.1496 

1.6355 

29 

65.3060 

2.0427 

70.2300 

1.9661 

74.6868 

1.8662 

78.5141 

1.7500 

80 

63.2633 

2.1245 

68.2639 

2.0645 

72.7701 

1.9783 

76.7641 

1.8725 

31 

61.1388 

2.2095 

66.1994 

2.1677 

70.7918 

2.0969 

74.8916 

2.0036 

32 

58.9293 

2.2979 

64.0317 

2.2761 

68.6949 

2.2227 

72.8880 

3.1438 

33 

56.6814 

2.3897 

61.7556 

3.8899 

66.4722 

3.3561 

70.7442 

2.2939 

34 

54.2417 

2.4854 

59.3657 

2.5095 

64.1161 

3.4975 

68.4503 

2.4545 

35 

51.7563 

2.5847 

56.8562 

2.6347 

61.6186 

3.6473 

65.9958 

2.6263 

36 

49.1716 

2.6882 

54.2215 

2.7666 

58.9718 

2.8061 

63.3695 

2.8101 

37 

46.4834 

2.7957 

51.4549 

2.9050 

56.1652 

2.9745 

60.5594 

3.0068 

38 

43.6877 

2.9075 

48.5499 

3.0501 

.58.1907 

8.1580 

57.5526 

8.2173 
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SO-Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

4Q/ 

3 

5% 

c% 

7% 

•«i  >> 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

39 

40.7802 

3.0238 

45.4998 

3.2027 

50.0377 

3.3422 

54.3353 

3.4425 

40 

37.7564 

3.1448 

42.2971 

3.3629 

46.6955 

3.5427' 

50.8928 

3.6835 

41 

34.6116 

3.2706 

38.9342 

3.5309 

43.1528 

3.7.=i53 

47.2093 

3.9414 

4a 

31.3410 

3.4013 

35.4033 

3.7075 

39.3975 

3.9805 

43.2679 

4.2172 

43 

27.9397 

3.5375 

31.6958 

3.8929 

35.4170 

4.2194 

39.0507 

4.5124 

44 

24.4022 

3.6789 

27.8029 

4.0875 

31.1976 

4.4726 

34.5383 

4.8284 

45 

20.7283 

3.8261 

23.7154 

4.2919 

26.7250 

4.7410 

29.7099 

5.1662 

46 

16.89(2 

3.9791 

19.4235 

4.5065 

21.9840 

5.0253 

24.5437 

5.5280 

47 

12.9181 

4.1383 

14.9170 

4.7319 

16.9587 

5.3270 

19.01.57 

5.9149 

48 

8.7798 

4.3038 

10.1851 

4.9683  ; 

11.6317 

5.6465 

13.1008 

6.3289 

49 

4.4760 

4.4760 

5.2168 

5.2168  1 

5.9852 

5.9852 

6.7719 

6.7719 

50 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

60-Year 

Life. 

0 

100.0000 

0.4202 

100.0000 

0.2828 

100.0000 

0.1876 

100.0000 

0.1229 

1 

99.5798 

0.4370 

99.9172 

0.2970 

99.8124 

0.1988 

99.8771 

0.1316 

2 

99.1428 

0.4544 

99.4202 

0.3118 

99.6136 

0.2108 

99.7455 

0.1407 

3 

98.6884 

0.4727 

99.1084 

0.3274 

99.4028 

0.2234 

99.6048 

0.1506 

4 

98.2157 

0.4916 

98.7810 

0.3437 

99.1794 

0.2368 

99.4542 

0.1611 

5 

97.7241 

0.5112 

98.4373 

0.3610 

98.9426 

0.2510 

99.2931 

0.1724 

6 

97.2129 

0.5317 

98.0763 

0.3790 

98.6916 

0.2661 

99.1207 

0.1845 

7 

%.6812 

0.5529 

97.6973 

0.3980 

98.4255 

0.2820 

98.9362 

0.1974 

8 

96.1283 

0.5750 

97.2993 

0.4178 

98.1435 

0.2989 

98.7388 

0.2112 

9 

95.5533 

0.5981 

96.8815 

0.4388 

97.8446 

0.3169 

98.5276 

0.2660 

10 

94.9552 

0.6220 

96.4427 

0.4606 

97.5277 

0.3360 

98.3016 

0.2418 

11 

94.3332 

0.6468 

95.9821 

0.4837 

97.1917 

0.3560 

98.0598 

0.2587 

12 

93.6864 

0.6728 

95.4984 

0.5079 

96.8357 

0..'i775 

97.8011 

0.2768 

13 

93.0136 

0.6996 

94.9905 

0.5333 

96.4582 

0.4000 

97.5243 

0.2963 

14 

92.3140 

0.72;'6 

94.4572 

0.5600 

96.0582 

0.4241 

97.2280 

0.3169 

15 

91.5864 

0.7567 

93.8972 

0.5880 

95.6341 

0.4495 

96.9111 

0.3392 

16 

90.8297 

0.7870 

93.3092 

0.6174 

95.1846 

0.4765 

96.5719 

0.3629 

17 

90.0427 

0.8185 

92.6918 

0.6481 

94.7081 

0.5051 

96.2090 

0.3883 
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60-Year  Life. — ( Continued) . 


Interest  Rate.       | 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

0    • 

40/i 

5% 

6% 

7% 

<jP». 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

18 

89.2242 

0.8512 

92.0437 

0.6807 

94.2030 

0.5354 

95.8307 

0.4154 

19 

88.3730 

0.8853 

91.3630 

0.7146 

93.6671 

0.5675 

95.4053 

0.4446 

20 

87.4877 

0.9207 

90.6484 

0.7504 

93.1001 

0.6016 

94.9607 

0.4757 

21 

86.5670 

0.9575 

89.8980 

0.7880 

93.4985 

0.6377 

94.4850 

0.5089 

22 

85.6095 

0.9958 

89.11(X) 

0.8273 

91.8608 

0.6759 

93.9761 

0.5446 

23 

84.6137 

1.0356 

88.2827 

0.8686 

91.1849 

0.7165 

93.4315 

0.5838 

24 

83.5781 

1 .0771 

87.4141 

0.9122 

90.4684 

0.7594 

93.8487 

0.6335 

25 

83  ."iOJO 

1.1201 

86.5019 

0.9577 

89.7090 

0.8051 

93.3353 

0.6671 

26 

81..S809 

1.1650 

85.5442 

1.0056 

88.9039 

0.8533 

91.5581 

0.7139 

27 

80.2159 

1.2115 

84.5386 

1.0559 

88.0506 

0.9045 

90.8443 

0.7638 

28 

79.0044 

1.2600 

83.4827 

1.1087 

87.1461 

0.9589 

90.0804 

0.8173 

29 

77.7444 

1.3104 

82.3740 

1.1641 

86.1873 

1.0163 

89.3631 

0.8745 

80 

76.4340 

1.3629 

81.2099 

1.2323 

85.1709 

1.0773 

88.3886 

0.9357 

31 

75.0711 

1.4173 

79.9876 

1.3835 

84.0936 

1.1420 

87.4529 

1.0012 

32 

73.6.538 

1.4741 

78.7041 

1.3476 

82.9516 

1.2104 

86.4517 

1.0714 

83 

72.1797 

1.5329 

77.3565 

1.4149 

81.7412 

1.2831 

85.8803 

1.1463 

34 

70.6468 

1..5944 

75.9416 

1.4858 

80.4581 

1.3601 

84.2341 

1.2366 

35 

69.0524 

1.6580 

74.4558 

1.5600 

79.0980 

1.4417 

83.0075 

1.3134 

36 

67.3944 

1.7245 

72.8958 

1.6380 

77.6563 

1 .5283 

81.6951 

1.4043 

37 

65.6699 

1.79.^ 

71.2578 

1.7300 

76.1281 

1.6199 

80.2908 

1..5035 

38 

63.8765 

1.8651 

69.5378 

1.8059 

74.5082 

1.7171 

78.7883 

1.6078 

39 

62.0114 

1.9397 

67.7319 

1.8962 

72.7911 

1.8201 

77.1805 

1.7203 

40 

60.0717 

2.0173 

65.8357 

1.9911 

70.9710 

1.9293 

75.4603 

1.8407 

41 

58.0544 

2.0980 

63.8446 

2.0906 

69.0417 

2.0453 

73.6195 

1.9695 

42 

55.9564 

2.1830 

61.7540 

2.1951 

66.9965 

2.1677 

71.6500 

3.1074 

43 

53.7744 

2.2693 

59.5589 

3.3049 

64.8288 

2.2978 

69.5426 

3.2550 

44 

51.5052 

2.3599 

57.2540 

8.4301 

62.5310 

2.4357 

67.2876 

3.4138 

45 

49.1453 

3.4544 

54.8339 

3.5411 

60.0953 

3.5819 

64.8748 

3.5816 

46 

46.6909 

2.5536 

52.2928 

3.6683 

57.5134 

3.7367 

62.2932 

2.7635 

47 

44.1383 

2.6546 

49.6346 

3.8016 

54.7767 

3.9010 

59.5307 

3.9557 

48 

41.4837 

2.7609 

46.8230 

3.9416 

51.8757 

3.0750 

56.5750 

8.1627 

49 

38.7228 

2.8712 

43.8814 

3.0888 

48.8007 

3.3596 

53.4133 

3.3841 

50 

35.8516 

2.9861 

40.7936 

3.3433 

45.5411 

3.4551 

50.0282 

3.6309 
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60-Ykau  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

•^2 

4% 

59 

h 

6% 

7% 

a^ 

<)  !» 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

51 

32.8655 

3.1056 

37.5494 

3.4053 

42.0860 

3.6624 

46.4073 

3.8745 

52 

29.755)9 

3.2298 

84.1441 

3.5756 

38.4236 

3.8821 

42.5328 

4.1456 

53 

26.5801 

8.3590 

30.5685 

3.7544 

34.5415 

4.1151 

38.3872 

4.4358 

54 

23.1711 

3.4933 

26.8141 

3.9421 

30.4264 

4.3620 

33.9514 

4.7463 

55 

19.6778 

3.6331 

22.8720 

4.1392 

26.0644 

4.6237 

29.2051 

5.0785 

56 

16.0447 

3.7784 

18.7328 

4.3462 

21.4407 

4.9012 

24.1266 

5.4341 

57 

12.2663 

3.9295 

14.3866 

4.5635 

16.5395 

5.1952 

18.6925 

5.8145 

58 

8.3368 

4.0867 

9.8231 

4.7917 

11.3443 

5.5069 

12.8780 

6.2214 

59 

4.2501 

4.2501 

5.0314 

5.0314 

5.8374 

5.8374 

6.6566 

6.6566 

60 

0.0000 

0.0000 

0.0000 

O.OOOO 

100.0000 

100.0000 

100.0000 

100.0000 

80- Year  Life. 


0 

100.0000 

0.1814 

100.0000 

0.1030 

100.0000 

0.0578 

100.0000 

0.0314 

1 

99.8186 

0.1887 

99.8970 

0.1081 

99.9427 

0.0607 

99.9686 

0.0336 

2 

99.6299 

0.1962 

99.7889 

0.1135 

99.8820 

0.0643 

S9.9350 

0.0359 

3 

99.4337 

0.2041 

99.6754 

0.1192 

99.8177 

0.0682 

99.8991 

0.0384 

4 

99.2296 

0.2122 

99.5562 

0.1252 

99.7495 

0.0723 

99.8607 

0.0411 

5 

99.0174 

0.2207 

99.4310 

0.1314 

99.6772 

0.0766 

99.8196 

0.0440 

6 

98.7967 

0.2295 

99.2996 

0.1380 

99.6006 

0.0812 

99.7756 

0.0471 

7 

98.5672 

0.2387 

99.1616 

0.1449 

99.5194 

0.0861 

99.7285 

0.0504 

8 

98.3285 

0.2483 

99.0167 

0.1521 

99.4333 

0.0913 

99.6781 

0.0539 

9 

98.0802 

0.2582 

98.8646 

0.1597 

99.3420 

0.0967 

99.6242 

0.0576 

10 

97.8220 

0.2685 

98.7049 

0.1677 

99.2453 

0.1025 

99.5666 

0.0617 

11 

97.5535 

0.2793 

98.5372 

0.1761 

99.1428 

0.1087 

99.5049 

0.0660 

12 

97.2742 

0.2904 

98.3611 

0.1849 

99.0341 

0.1152 

99.4889 

0.0706 

13 

96.9838 

0.3021 

98.1762 

0.1941 

98.9189 

0.1221 

99.3683 

0.0756 

14 

93.6817 

0.3141 

97.9821 

0.2039 

98.7968 

0.1294 

99.2927 

0.0809 

15 

96.3676 

0.3267 

97.7782 

0.2140 

98.6674 

0.1372 

99.2118 

0.0865 

16 

96.0409 

0.3398 

97.5642 

0.2248 

98.5302 

0.1454 

99.1253 

0.0926 

17 

95.7011 

0.3534 

97.3394 

0.2360 

98.3848 

0.1542 

99.0827 

0.0990 

18 

95.3477 

0.3675 

97.1034 

0.2478 

98.2306 

0.1684 

98.9337 

0.1060 
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Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

.9« 

49 

6 

5% 

6% 

7% 

®  03 

bull 

Value. 

Dep. 

Value. 

Dep. 

Value 

Dep. 

Value. 

Dep. 

19 

94.9802 

0.3822 

96.8556 

0.2602 

98.0672 

0.1732 

98.8277 

0.1134 

20 

94.5980 

0.3975 

96.5951 

0.2732 

97.8940 

0.1836 

98.7143 

0.1213 

21 

94.2005 

0.4134 

96.3222 

0.2869 

97.7104 

0.1946 

98.5930 

0.1298 

22 

93.7871 

0.4299 

96.0353 

0.3012 

97.5158 

0.2063 

98.4632 

0.1389 

23 

93.3572 

0.4471 

95.7341 

0.3162 

97.3095 

0.2187 

98.3243 

0.1485 

24 

92.9101 

0.4650 

95.4179 

0.a321 

97.0908 

0.2318 

98.1758 

0.1590 

25 

93.4451 

0.4836 

95.0858 

0.3487 

96.8590 

0.2457 

98.0168 

0.1703 

26 

91.9615 

0.5030 

94.7371 

0.3661 

96.6133 

0.2605 

97.8466 

0.1821 

27 

91.4585 

0.5231 

94.3710 

0.3844 

96.3528 

0.2761 

97.6645 

0.1948 

28 

90.9354 

0.5440 

93.9866 

0.4036 

96.0767 

0.2927 

97.4697 

0.2085 

29 

90.3914 

0.5658 

93.58.30 

0.4238 

95.7840 

0.3102 

97.2612 

0.2231 

30 

89.8256 

0.5884 

93.1592 

0.4450 

95.4738 

0.3288 

97.0381 

0.2387 

31 

89.2372 

92.7142 

95.1450 

96.7994 

0.6119 

0.4672 

0.3486 

0.2554 

32 

88.6253 

0.6364 

92.2470 

0.4906 

91.7964 

0.3695 

96.5440 

0.2733 

33 

87.9889 

0.6618 

91.7564 

0.5151 

94.4269 

0.3917 

96.2707 

0.2924 

34 

87.3271 

0.6883 

91.2413 

0.5409 

94.0352 

0.4152 

95.9783 

0.3129 

35 

86.6888 

0.7159 

90.7004 

0.5679 

93.6200 

0.4401 

95.6654 

0.3348 

36 

85.9229 

0.7445 

90.1.325 

0.5963 

93.1799 

0.4665 

95.3306 

1 

0.3583 

37 

85.1784 

0.7743 

89.5362 

0.6262 

92.7134 

0.4945 

1      94.9724 

0.3833 

38 

84.4041 

0.8052 

88.9100 

0.6575 

92.2189 

0.5241 

94.5891 

0.4101 

39 

83.5989 

0.8375 

88.2525 

0.6903 

91.6948 

0.5556 

94.1790 

0.4388 

40 

82.7614 

0.8709 

87.5622 

0.7249 

91.1392 

0.5889 

93.7402 

0.4696 

41 

81.8905 

0.9058 

86.8373 

0.7611 

90.5.503 

0.6242 

93.2706 

0.5024 

42 

80.9847 

0.9420 

86.0762 

0.7992 

89.9261 

0.6617 

92.7682 

0.5376 

43 

80.0427 

0.9797 

85.2770 

0.8391 

89.2644 

0.7014 

92.2306 

0.5752 

44 

79.0630 

1.0189 

84.4379 

0.8811 

88.5630 

0.7435 

91.6554 

0.6155 

45 

78.0441 

1.0596 

83.5568 

0.9251 

87.8195 

0.7881 

91.0399 

0.6586 

46 

76.9845 

1.1020 

82.6317 

0.9714 

87.0314 

0.8354 

90.3813 

0.7047 

47 

75.8825 

1.1461 

81.6603 

1.0199 

86.1960 

0.8855 

89.6766 

0.7540 

48 

74.7364 

1.1919 

80.6104 

1.0709 

85.3105 

0.9386 

88.9226 

0.8068 

49 

73.5445 

1.2396  ; 

79.5695 

1.1245 

84.3719 

0.9949 

88.1158 

0.8633 

50 

72.3049 

1.2892 

78.4450 

1.1807 

83.3770 

1.0546 

87.2525 

0.92.37 

51 

71.0157 

1.3408 

77.2643 

1.2397 

82.3224 

1.1179 

86.3288 

0.9883 
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80- Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate.      ] 

Interest  Rate. 

Si 

40 

0 

50 

i> 

!                  60 

0 

7% 

5S 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

52 

69.6749 

1.3944 

76.0246 

1.3017 

81.2045 

1.1850 

85.3405 

1.0575 

53 

68.2805 

1.4502 

74.7229 

1.3668 

80.0195 

1.2561 

84.2830 

1.1316 

54 

66.8303 

1.5082 

73.8561 

1.4352 

78.7634 

1.3314 

83.1514 

1.2108 

55 

65.3221 

1.5685 

71.9209 

1.5069 

77.4320 

1.4113 

81.9406 

1.2955 

56 

63.7586 

1.6312 

70.4140 

1.5823 

76.0207 

1.4960 

80.6451 

1.3862 

57 

63.1224 

1.6965 

68.8317 

1.6614 

74.5247 

1..5858 

79.2589 

1.4882 

58 

60.4259 

1.7644 

67.1703 

1.7445 

72.9389 

1.6809 

77.7757 

1.5871 

59 

58.6615 

1.8349 

65.4258 

1.8317 

71 .2580 

1.7818 

76.1886 

1.6982 

60 

56.8266 

1.9083 

63.5941 

1.9233 

69.4762 

1.8887 

74.4904 

1.8170 

61 

54.9183 

1.9847 

61.6708 

2.0194 

67.5875 

2.0020 

72.6734 

1.9442 

68 

52.9336 

2.0640 

59.6514 

2.1204 

65.5855 

2.1221 

70.7292 

2.0803 

63 

50.8696 

2.1466 

57.5310 

8.2264 

63.4684 

2.2495 

68.6489 

2.22.59 

64 

48.7230 

2.2325 

55.3046 

2.3377 

61.2139 

2.3844 

66.4230 

2.3818 

65 

46.4905 

2.3218 

52.9669 

2.4546 

58.8295 

1 

2.5275 

64.0412 

2.5485 

66 

44.1687 

2.4147 

50.5123 

2.5773 

56.3020 

2.6791 

61.4987 

2.7269 

67 

41.7540 

2.5112 

47.9350 

2.7062 

53.6229 

2.8399 

58.7658 

2.9178 

68 

39.2428 

8.6117 

45.2288 

2.8415 

50.7880 

3.0103 

55.8480 

3.1220 

69 

36.6311 

2.7162 

42.3873 

2.9836 

47.7727 

3.1909 

52.7260 

3.3405 

70 

33.9149 

2.8248 

39.4037 

3.1328 

44.5818 

3.3823 

49.3855 

3.5744 

71 

31.0901 

2.9378 

36.2709 

3.2894 

41.1995 

3.5853 

45.8111 

8.8246 

72 

28.1523 

3.0553 

82.9815 

3.4539 

37.6142 

3.8004 

41.9865 

4.0923 

73 

25.0970 

3.1775 

29.5276 

3.6266 

33.8138 

4.0284 

37.8942 

4.3788 

74 

21.9195 

3.3046 

25.9010 

3.8079 

29.7854 

4.2701 

33.5154 

4.6853 

75 

18.6149 

3.4368 

22.0931 

3.9983 

25.5153 

4.5263 

28.8301 

5.0138 

76 

15.1781 

3.5743 

18.0948 

4.1988 

20.9890 

4.7979 

23.8168 

5.3642 

77 

11.6038 

3.7173 

13.8966 

4.4081 

16.1911 

5.0858 

18.4526 

5.7397 

78 

7.8865 

3.8659 

9.4885 

4.6285 

11.1053 

5.3909 

12.7129 

6.1415 

79 

4.0206 

4.0206 

4.8600 

4.8600 

5.7144 

5.7144 

6.5714 

6.5714 

80 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

100- Year  Life. 

0 

100.0000 

0.0808 

100.0000 

0.0888 

100.0000 

0.0177 

100.0000 

0.0081 

1 

99.9198 

0.0840 

99.9617 

0.0402 

99.9823 

0.0188 

99.9919 

0.0086 

2 

99.8352 

0.0874 

99.9215 

0.0428 

99.9635 

0.0199 

99.9883 

0.0092 
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100- Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

p   . 

4% 

5% 

6% 

7% 

be  a) 

<>> 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

3 

99.7478 

0.0909 

99.8792 

0.0444 

99.9436 

0.0211 

99.9741 

0.0099 

4 

99.6569 

0.0945 

99.8348 

0.0466 

99.9225 

0.0224 

99.9642 

0.0106 

5 

99.5624 

0.0983 

99.7882 

0.0489 

99.9001 

0.0237 

99.9536 

0.0113 

6 

99.4641 

0.1022 

99.7393 

0.0514 

99.8764 

0.0251 

99.9423 

0.0131 

7 

99.3619 

0.1063 

99.6879 

0.0539 

99.8513 

0.0267 

99.9302 

0.0130 

8 

99.2556 

0.1106 

99.6340 

0.0566 

99.8246 

0.0283 

99.9172 

0.0139 

9 

99.1450 

0.1150 

99.5774 

0.0594 

99.7963 

1 
0.0300 

99.9033 

0.0148 

10 

99.0300 

0.1196 

99.5180 

0.0624 

99.7663 

0.0318 

99.8885 

0.0159 

11 

98.9104 

0.1244 

99.4556 

0.0655 

99.7345 

0.0337 

99.8726 

0.0170 

12 

98.7860 

0.1294 

99.3901 

0.0688 

99.7008 

0.0357 

99.8556 

0.0182 

13 

98.6566 

0.1345 

99.3213 

0.0723 

99.6651 

0.0378 

99.8374 

0.0195 

14 

98.5221 

0.1399 

99.2490 

0.0759 

99.6273 

0.0401 

99.8179 

0.0208 

15 

98.3822 

0.1465 

99.1731 

0.0797 

99.5872 

0.0425 

99.7971 

0.0223 

16 

98.2367 

0.1513 

99.0934 

0.0836 

99.5447 

0.0450 

99.7748 

0.0238 

17 

98.0854 

0.1574 

99.0098 

0.0878 

99.4997 

0.0477 

99.7510 

0.0255 

18 

97.9280 

0.1637 

98.9220 

0.0922 

99.4520 

0.0506 

99.7255 

0.0273 

19 

97.7613 

0.1702 

98.8298 

0.0968 

99.4014 

0.0537 

99.6982 

0.0292 

20 

97.5941 

0.1770 

98.7330 

0.1017 

99.3477 

O.0569 

99.6690 

0.0313 

21 

97.4171 

0.1841 

98.6313 

0.1067 

99.2908 

0.0603 

99.6377 

0.0334 

22 

97.2330 

0.1915  ' 

98.5246 

0.1121 

99.2305 

0.0639 

99.6043 

0.0358 

28 

97.0415 

0.1992 

98.4125 

0.1177 

99.1666 

0.0677 

99.5685 

0.0383 

24 

96.8423 

0.2071 

98.2948 

0.1236 

99.0989 

0.0718 

99.5302 

0.0410 

25 

96.6352 

0.2154 

98.1712 

0.1298 

99.0271 

0.0761 

99.4892 

0.0438 

26 

96.4198 

0.2240 

98.0414 

0.1362 

98.9510 

0.0807 

99.4454 

0.0469 

27 

96.1958 

0.2330 

97.9052 

0.1431 

98.8703 

1 

0.0855 

99.3985 

0.0502 

28 

95.9628 

0.2423 

97.7621 

0.1502 

98.7848 

0.0906 

99.3483 

0.0537 

29 

95.7205 

0.2520 

97.6119 

0.1577 

98.6942 

0.0961 

99.2946 

0.0575 

30 

95.4685 

0.2621 

97.4542 

0.1656 

98.5981 

0.1019 

99.2371 

0.0615 

31 

95.2064 

0.2726 

97.2886 

0.1739 

98.4962 

0.1080 

99.1756 

0.0658 

32 

94.9338 

0.2835 

97.1147 

0.1826 

98.3882 

0.1145 

99.1098 

0.0704 

33 

94.6503 

0.2948 

96.9321 

0.1917 

98.2737 

0.1213 

99.0394 

0.0753 

34 

94.3555 

0.3066 

96.7404 

0.2013 

98.1524 

0.1286 

98.9641 

1 

0.0806 

35 

94.0489 

0.3188 

96.5391 

0.2113 

98.0238 

0.1363 

98.8a35 

0.0862 

36 

93.7301 

0.3316 

96.3278 

0.2219 

97.8875 

0.1445 

98.7973 

0.0923 
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100- Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

4% 

5? 

6 

6% 

7% 

U^ 

^  >t 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

37 

93.3985 

0.3449 

96.1059 

0.2330 

97.7430 

0.1532 

98.7050 

0.0987 

38 

93.0536 

0.3587 

95.8729 

0.2447 

97.5898 

0.1624 

98.6063 

0.1056 

39 

92.6949 

0.3730 

95.6282 

0.2569 

97.4274 

0.1721 

98.5007 

0.1130 

40 

92.3219 

0.3879 

95.3713 

0.2697 

97.2553 

0.1824 

98.3877 

0.1209 

41 

91.9340 

0.4034 

95.1016 

0.2832 

97.0729 

0.1934 

98.2668 

0.1294 

42 

91.5306 

0.4196 

94.8184 

0.2974 

96.8795 

0.2050 

98.1374 

0.1385 

43 

91.1110 

0.4364 

94.5210 

0.3123 

96.6745 

0.2173 

97.9989 

0.1482 

44 

90.6746 

0.4538 

94.2087 

0.3279 

96.4572 

0.2303 

97.8507 

0.1585 

45 

90.2208 

0.4720 

93.8808 

0.3443 

96.2269 

0.2441 

97.6922 

0.1696 

46 

89.7488 

0.4908 

93.5365 

0.3615 

95.9828 

0.2588 

97.5226 

0.1815 

47 

89.2580 

0.5105 

93.1750 

0.3795 

95.7240 

0.2743 

97.3411 

0.1942 

48 

88.7475 

0.5309 

92.7955 

0.3985 

95.4497 

0.2908 

97.1469 

0.2078 

49 

88.2166 

0.5521 

92.3970 

0.4184 

95.1589 

0.3082 

96.9391 

0.2223 

50 

87.6645 

0.5742 

91.9786 

0.4394 

94.8507 

0.3267 

96.7168 

0.2379 

51 

87.0903 

0.5972 

91.5392 

0.4613 

94.5240 

0.3463 

96.4789 

0.2546 

52 

86.4931 

0.6211 

91.0779 

0.4844 

94.1777 

0.3671 

96.2243 

0.2724 

63 

85.8720 

0.6459 

90.5935 

0.5086 

93.8106 

0.3891 

95.9519 

0.2915 

54 

85.2261 

0.6718 

90.0849 

0.5340 

93.4215 

0.4124 

95.6604 

0.3119 

55 

84.5543 

0.6986 

89.5509 

0.5607 

93.0091 

0.4372 

95.3485 

0.3337 

56 

83.8557 

0.7266 

88.9902 

0.5888 

92.5719 

0.4634 

95.0148 

0.3570 

57 

83.1291 

0.7556 

88.4014 

0.6182 

92.1085 

0.4912 

94.6578 

0.3820 

58 

82.3735 

0.7859 

87.7832 

0.6491 

91.6173 

0.5207 

94.2758 

0.4088 

59 

81.5876 

0.8173 

87.1341 

0.6816 

91.0966 

0.5519 

93.8670 

0.4374 

60 

80.7703 

0.8500 

86.4525 

0.7157 

90.5447 

0.5851 

93.4296 

0.4680 

61 

79.9203 

0.8840 

85.7368 

0.7515 

89.9596 

0.6202 

92.9616 

0.5008 

62 

79.0363 

0.9193 

84.9853 

0.7890 

89.3394 

0.6574 

92.4608 

0.5358 

63 

78.1170 

0.9561 

84.1963 

0.8285 

88.6820 

0.6968 

91.9250 

0.5733 

64 

77.1609 

0.9944 

83.3678 

0.8699 

87.9852 

0.7386 

91.8517 

0.6135 

65 

76.1665 

1.0341 

82.4979 

0.9134 

87.2466 

0.7829 

90.7382 

0.6564 

66 

75.1324 

1.0755 

81.5845 

0.9591 

86.4637 

0.8299 

90.0818 

0.7024 

67 

74.0579 

1.1185 

80.6254 

1.0070 

85.6338 

0.8797 

89.3794 

0.7515 

68 

72.9384 

1.1633 

79.6184 

1.0574 

84.7541 

0.9325 

88.6279 

0.8041 

69 

71.7751 

1.2098 

78.5610 

1.1102 

83.8216 

0.9884 

87.8238 

0.8604 

70 

70.5653 

1.2582 

77.4508 

1.1657 

82.8332 

1.0477 

86.9634 

0.9206 
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100- Year  Life. — (Continued.) 


Interest  Rate. 

Interest  Rate. 

Interest  Rate.      | 

Interest  Rate. 

.2« 

40 

'o 

5? 

0 

6V 

0 

7% 

®  o3 

<lj  >s 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

71 

69.3071 

1.3085 

75.2851 

1.3240 

81.7855 

1.1106 

86.0428 

0.9851 

72 

67.9986 

1.3608 

75.0611 

1.2852 

80.6749 

1.1773 

85.0577 

1.0540 

73 

66.6378 

1.4153 

73.7759 

1.3495 

79.4977 

1.3479 

84.0037 

1.1378 

74 

65.2235 

1.4719 

72.4264 

1.4170 

78.3498 

1.3238 

82.8759 

1.3068 

75 

63.7506 

1.5308 

71.0094 

1.4878 

76.9270 

1.4023 

81.6691 

1.3912 

76 

63.2198 

1.5930 

69.5316 

1.5622 

75.5248 

1.4863 

80.3779 

1.3816 

77 

60.6378 

1.6557 

67.9594 

1.6403 

74.0385 

1.5754 

78.9963 

1.4783 

78 

58.9731 

1.7219 

66.3191 

1.7223 

73.4631 

1.6700 

77.5180 

1.5818 

79 

57.3502 

1.7908 

64.5968 

1.8084 

70.7931 

1.7701 

75.9362 

1.6925 

80 

55.4594 

1.8624 

63.7884 

1.8989 

69.0330 

1.8764 

74.2437 

1.8110 

81 

53.5970 

1.9369 

60.8895 

1.9938 

67.1466 

1.9889 

72.4337 

1.9378 

83 

51.6601 

3.0144 

58.8957 

2.0935 

65.1577 

3.1083 

70.4949 

2.0734 

83 

49.6457 

2.0950 

56.8033 

2.1982 

63.0494 

2.2348 

68.4315 

2.2186 

84 

47.5507 

3.1788 

54.6040 

3.3081 

60.8146 

2.3689 

66.3029 

2.3739 

85 

45.3719 

2.2659 

53.3959 

3.1335 

58.4457 

2.5110 

63.8290 

2.5400 

86 

43.1060 

2.3566 

49.8734 

3.5447 

55.9347 

2.6616 

60.2890 

2.7179 

87 

40.7494 

3.4508 

47.3377 

3.6719 

53.2731 

3.8313 

58.5711 

3.9081 

88 

38.3986 

3.5489 

44.6558 

2.8055 

50.4518 

3.9906 

55.6630 

3.1117 

89 

35.7497 

3.6508 

41.8503 

2.9458 

47.4612 

3.1701 

52.5513 

3.3295 

90 

33.0989 

2.7568 

38.9045 

3.0931 

44.2911 

3.3603 

49.2218 

3.5625 

91 

30.3431 

2.8671 

35.8114 

3.2477 

40.9308 

3.5619 

45.6593 

3.8119 

93 

37.4750 

3.9818 

33.5637 

3.4101 

37.3689 

3.7756 

41.8474 

4.0788 

93 

34.4933 

3.1011 

29.1536 

3.5806 

33.5933 

4.0021 

87.7686 

4.3643 

94 

31.3931 

3.3251 

25.5730 

3.7597 

29.5912 

4.3423 

33.4043 

4.6698 

95 

18.1670 

3.3541 

31.8133 

3.9477 

35.3189 

4.4968 

28.7345 

4.9967 

96 

14.8139 

3.4883 

17.8656 

4.1450 

30.8521 

4.7666 

23.7378 

5.3464 

97 

11.324') 

3.6378 

13.7206 

4.3533 

16.0855 

5.0526 

18.3914 

5.7207 

98 

7.6968 

3.7729 

9.3683 

4.5699 

11.0329 

5.3558 

13.6707 

6.1211 

99 

3.9239 

3.9239 

4.7984 

4.7984 

5.6771 

5.6771 

6.5496 

6.5496 

100 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 
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AF'I^ENDIX    II. 

Some  Examples  of  the 
Expectation   of   Life   of   So-Called  Permanent   Structures. 

When  one  examines  records  of  the  life  of  different  kinds  of  so-called 
permanent  structures,  the  actual  life  of  such  structures  is  frequently 
found  to  be  much  shorter  than  the  life  usually  estimated,  and  probably 
much  shorter  than  was  anticipated  when  the  works  were  new.  For 
the  purpose  of  illustration,  this  subject  has  been  investigated  along 
two  lines:  (a)  the  actual  life  of  railway  stations,  and  especially  of 
terminal  stations;  (h)  the  life  of  water-works  sources,  reservoirs,  and 
pumping  stations. 

TABLE  5. — Life  op  Eailway  Stations. 


Location. 


Remarks. 


Grand  Central  Station  and  Predecessors,  New  York  City. 


241  B  0 wery,  at  Prince  Street 

Tryon  Row  (Municipal  Building) 

Fourth  Avenue  and  Twenty-sixth  Street  (Madison  / 
Square  Garden) f 

Forty-second  Street 

Forty-second  Street.    Extensive  enlargement 

Forty-second  Street   Station.    Entirely  remodeled  I 

and  three  stories  added  for  offices f 

Construction  of  new  terminal  started 

Present  station  first  used  for  electric  service 

Present  station  in  full  use 


Boston  and  Albany  Railroad,  Albany,  N.  Y. 


Wooden  building  at  Colonie  and  Broadway. 
Brick  and  stone  building  at  Maiden  Lane. . . 
Existing  stone  station 


Boston  and  Albany  Eailroad,  Boston,  Mass. 


Original  station 

Kneeland  Street  Station 

South  Station  (Union  Station) . 


History  between 
these  dates  not 
known. 


Boston  and  Providence  Railroad,  Boston,  Mass. 


Original  station 

Park  Square  Station. 
South  Station 
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TABLE  5. — Life  of  Eailway  Stations. — (Continued.) 


Location. 


Year  when 

Life, 

built  or 

m 

enlarged. 

years. 

Remarks. 


New  York  and  New  England  Railroad,  Boston,  Mass. 


Original  station. 


Station  burned  and  rebuilt 

Station  extensively  remodeled. 

South  Station 


Causeway  Street  Station 

Station  burned  and  replaced  by  brick  building 
North  Station 


Boston  and  Maine  Railroad,  Boston,  Mass. 

Haymarket  Square  Station 

1846     1 
1893     , 

47 

North  Station  (Union  Station) 

Eastern  Railroad,  Boston,  Mass. 

Fitchburg  Railroad,  Boston,  Mass. 


Causeway  Street  Station . 
North  Station 


1848 
1893 


45 


Boston  and  Lowell  Railroad,  Boston,  Mass. 


Mi  not  Street  Station 

Causeway  Street  Station 

Causeway  Street  Station  rebuilt 

Merged  into  North  Station,  with  minor  alterations. . 


Boston  and  Albany  Railroad,  Worcester,  Mass. 

Original  station 

1835 

1875     1 
1911      f 

36 

History  not 

Union  Station 

known. 

New  Union  Station 

Average  life  of  all  stations 

24 

The  Forty-second  Street  Station,  in  New  York  City,  although  cred- 
ited with  a  total  life  of  34  years,  had  that  length  of  life  only  for  the 
part  built  in  1883.  The  extensive  enlargement  in  1884  had  a  life  of 
23  years  and  the  remodeled  station  of  1899,  had  a  life  of  but  8  years. 
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Life  of  Water- Works  Structures. 

The  average  life  of  the  sources  of  water  supply  given  in  Table 
6  was  shortened  by  the  introduction  of  a  general  system  of  water 
supply  for  the  Metropolitan  District,  which  made  the  further  use  of 
small  local  supplies  undesirable. 

Lake  Cochituate,  the  original  source  of  supply  of  Boston,  has 
been  in  use  65  years,  and  the  Sudbury  River,  the  second  source  of 
supply  of  the  city,  has  been  in  use  36  years,  but  both  these  sources 
are  now  used  only  to  a  limited  extent  to  supplement,  when  necessary, 
the  supply  from  the  Wachusett  Reservoir,  the  newest  source. 

TABLE  6. — Sources  of  Supply. 
Massachusetts  Metropolitan  Water  District. 


Source. 


Period. 
Years. 


Life, 

in 
years. 


Remarks. 


Boston,  Mystic  Lake  ^source,  supplying 
12  000  000  gal.  daily  in  the  last  year  of  its 
life 


Maiden,  Spot  Pond 

Maiden,  ground-water  source 

Quincy,  ground-water  source 

Quiucy,  storage  reservoir 

Hyde  Park,  ground-water  source,  near  Nepon 
set  River 


Hyde  Park,  ground-water  source,  near  Motlier 
Brook 


Medford,  Spot  Pond 

Medford,  storage  reservoir 

Bevere,  ground-water  source  in  town 

Revere,  ground-water  source  in  Cliftondale.. 

Melrose,  Spot  Pond 

Watertown,  ground-water  source 

Arlington,  storage  reservoir 

Arlington,  ground-water  source 

Swampscott,  ground-water  soui-ce 

Lexington,  ground-water  source 

Lexington,  storage  reservoir 


1864-1898 

1870-1898 
1890-1900 
1884-1898 
1888-1898 

j- 1885-1912 

[ 1899-1912 

1870-1898 
1894-1899 
1884-1898 
1891-1899 
1870-1898 
1885-1898 
1872-1899 
1895-1900 
1885-1899 
1884-1903 
1894-1903 


Average. 


17 


Abandoned  on  ac- 
count of  increasing 
pollution. 


Reservoirs. 

At  the  time  of  the  completion  of  the  original  works  supplying 
Boston,  in  1848,  there  was  a  reservoir  of  23  acres  in  Brookline  at  the 
end  of  the  brick  aqueduct.  The  pipes  from  this  reservoir  led  to  three 
distributing  reservoirs:  one  of  them,  on  Beacon  Hill  in  -Boston,  was 
a  large  elevated  masonry  reservoir  supported  by  arches;  the  other 
two  were  earthen  reservoirs  on  hills  in  South  Boston  and  East  Boston. 

The  Brookline  Reservoir  lost  a  large  part  of  its  value  at  the  end 
of  22  years,  when  it  was  superseded  by  a  larger  reservoir,  but  it  had 
a  life  of  52  years  before  its  use  was  discontinued.  The  use  of  Beacon 
Hill  Reservoir  was  discontinued   in  23  years;  of  the   South   Boston 
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Reservoir  in  24  years;  and  of  the  East  Boston  Reservoir,  except  for 
the  purpose  of  emergency  use,  in  32  years. 

As  in  the  case  of  the  sources  of  supply,  the  life  of  pumping  stations 
in  the  Massachusetts  Metropolitan  Water  District,  has,  in  many  cases, 
been  shortened  by  the  introduction  of  a  general  system  of  supply.  The 
oldest  of  the  five  existing  pumping  stations  in  this  district  was  built 
26  years  ago,  and  the  building  was  extended  11  years  after  it  was  built. 

A  study  of  other  water  systems  shows  that  sources,  pumping  sta- 
tions, reservoirs  and  other  works  are  frequently  abandoned  for  various 
reasons,  such  as  the  pollution  of  sources,  the  growth  of  population  at 
higher  elevations  than  those  originally  provided  for,  and  the  general  im- 
provement and  enlargement  of  the  water  system  to  meet  changing  con- 
ditions. 

An  instance  of  an  extremely  short  life  of  a  reservoir  and  pumping 
station  was  observed  in  connection  with  a  valuation  for  rate-making 
made  in  1909.  The  rates  in  question  were  those  of  1904  and  1905. 
The  pumping  station  and  reservoir  did  not  appear  on  the  inventory 
for  1904,  because  they  had  not  then  been  built.  They  did  appear 
on  the  inventory  for  1905,  but  could  not  be  seen  by  the  appraiser  in 
1909  because  they  had  been  superseded  and  removed.  The  cause  of 
the  short  life  was  a  great  influx  of  population  which  settled  on  elevated 
land  and  required  a  more  complete  system  of  high-service  works. 

TABLE  7. — Pumping  Stations. 


Period. 
Years. 


Life,  in 
years. 


Boston,  original  high  service. . . 

Old  East  Boston 

New  East  Boston 

West  Roxbury 

Mvstir    i  Worthington  Pump... 

Mystic  -j  Leavitt  Pump* 

Somerville 

Maiden,  Spot  Pond  Station 

Maiden,  Webster  Park  Station. 

Chelsea 

Everett 


y  umcy 

Hyde  Park,  Neponset  River  Station. 
Hyde  Park,  Mother  Brook  Station.. 

Medford,  Spot  Poad  Station 

Medford,  Reservoir  Station 

Revere,  Town  Station 

Revere,  Cllf tondale  Station 

Melrose 

Watertown 

Arlington 

Swampscott 

Lexington 


1870-1888 
1880-1889 
1889-1898 
1886-1913 
1864-1898 
1896-1898 
1890-1900 
1883-1898 
1800-1900 
1886-1900 
1888-1899 
1884-1898 
1885-1912 
1899-1913 
1892-1898 
1894-1899 
1884-1898 
1891-1899 
1886-1899 
1885-1898 
1895-1900 
1885-1899 
1881-1903 


18 

9 

9 

27 

34 

2 

10 

15 

10 

14 

11 

14 

27 

13 

6 

5 

14 

8 

13 

13 

5 

14 

19 


Average. . 


14 


♦This  pumping  engine  was  transferred  to  anottier  pumping  station  when  the  Mystic 
Station  was  abandoned. 
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On  the  other  hand  it  is  not  to  be  inferred  from  Table  6,  that  the 
average  life  of  sources  of  water  supply  is  but  17  years,  or  from  Table 
7,  that  the  average  life  of  pumping  stations  is  but  14  years — for  the 
life  history  of  the  majority  of  water-works  will  show  that  such  is  not 
the  case.  These  examples  have  been  cited  merely  to  indicate  that 
functional  depreciation  is  an  active  force  to  be  considered  and  given 
such  practical  weight  as  circumstances  and  experience  may  indicate 
to  be  fair. 

Thus,  by  comparison  with  Table  7,  there  might  be  cited  the 
experience  of  the  Spring  Valley  Water  Company,  of  San  Francisco, 
Cal.  Out  of  eight  pumping  stations  (excluding  the  centrifugal  booster 
and  ground-water  supply  stations,  recently  erected  and  still  in  service), 
all  but  one  are  in  active  service — and  this  one  was  an  emergency 
station,  and  not  one  of  permanent  construction.  The  age  of  the 
oldest  station  is  about  30  years,  the  mean  age  of  the  investment  in 
the  eight  stations,  15  years. 

Table  8  is  a  statement  of  the  pumps  in  these  stations. 

Table  8. 


Fly-Tcheel  pumps. 


Black  Point 

Belmont  

1-30  ye 

2-22 

9  28 

ars. 

"         .'1-15 

Merced , 

2-25 

Millbrae 

1  18 

Central 

1  18 

Clarendon 

1-15 

Direct-acting  pumps. 


Ocean  View 2-18  years. 

Precita 1-17     " 

"    1-8     " 

Centrifugal  pumps. 

Ravenswood 1-  4  years. 

Pleasanton 1-3     " 

1-7     " 

Crystal  Springs 3-3     " 


No  pumps  have  been  discarded,  except  three  small  double-acting 
low-duty  pumps  at  Bald  Hill  emergency  station,  used  in  two  or  three 
dry  years  for  a  few  months  only. 

This  comparison  is  made  merely  to  indicate  that  each  problem 
must  be  thoroughly  studied  in  the  light  of  the  local  past,  present, 
and  probable  future  conditions. 
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APPENDIX   III. 

Some  Examples  of  Actual  Overhead  Cost. 

In  presenting  these  data  as  to  actual  overhead  cost,  the  Com- 
mittee desires  to  lay  stress  on  the  need  of  using  all  such  figures  vrith 
caution.  Items  entering  into  overhead  cost  of  different  and  similar 
works  are  rarely  alike,  and  many  of  the  expenses,  and  even  classes 
of  expense,  incurred  on  one  piece  of  work,  might  not  be  incurred  on 
another.  It  is  impossible  to  forecast  all  the  conditions  and  items 
of  overhead  cost  which  will  develop  on  any  work.  Were  it  otherwise, 
no  separate  group  of  overhead  cost  would  be  necessary,  for  every 
expense  would  be  included  in  the  unit  costs. 

Experience  has  shown,  however,  that  indeterminate  or  indetermin- 
able expenses  always  occur,  and  in  such  amount  that  they  frequently 
aggregate  like,  or  similar,  percentages  of  fixed  unit  costs.  Hence,  the 
mere  amount  of  those  percentages,  developed  on  other  works,  has  a 
bearing  on  the  problem.  Their  segregation  aids  in  forecasting 
probable  developments  the  more  accurately,  and  they  furnish  a  back- 
ground of  comparative  experience  which  is  useful. 

Moreover,  in  valuing  properties,  years  after  their  construction, 
grave  uncertainties  generally  arise  as  to  the  conditions  which  actually 
developed  during  the  construction  of  these  works,  and  records  are 
virtually  never  in  sufficient  detail  to  eliminate  them.  Therefore, 
the  evaluator,  as  the  designing  and  constructing  engineer,  must 
make  reasonable  allowance,  to  cover  the  effect  of  these  uncertainties, 
if  justice  is  to  be  done. 

To  the  evaluator,  the  records  of  greatest  value  are  those  developed 
on  work,  with  all  the  details,  conditions,  and  surroundings  of  which 
he  is  personally  familiar,  as  these  he  is  in  a  position  to  use  most 
intelligently  as  a  yard-stick,  and  is  least  likely  to  misapply.  The 
evaluator  should  not  attempt  to  figure  the  value  of  property  with 
the  construction  costs  of  which  he  is  not  familiar. 

With  reference  to  the  data  submitted,  the  details  presented  to 
the  Committee  were  so  voluminous  as  to  be  impracticable  of  publication. 

(a). — Examples     Showing     Cumulative    Engineering    Costs,     with 

Varying  Volumes  of  Work. 
Compiled    from    printed    reports,    under    the    supervision    of    Alfred 

Craven,  M.  Am.  Soc.  C.  E. 


Year. 

New  York  State  Barge 

Board  of  Water  Supply- 

Canal. 

New  York  Aqueduct. 

1905 

750;^ 

1906 

98 

167.00/0 

1907 

40 

174.0 

1908 

25 

81.3 

1909 

14 

32.9 

1910 

13 

19.2 

1911 

9 

14.5 

1912 

9 

12.5 

1913 

9 

11.86 
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(d). — Overhead  and  Interest  During  Construction  on  Four  Large 

Undertakings. 

Summary  of  Analysis  made  by  Allen  Hazen,  M.  Am.  Soc.  C.  E. 


No. 

City  and  works. 

Amount. 

Period. 

Land 
only. 

Structures 
only. 

1 

Board  of  Water  Supply.  New  York  City. 

$135  000  000 

1905-1915 

43.08% 

37.15% 
96.23% 

14.56% 

Interest  at  4.300o,  and  taxes  during 
construction 

18.02% 

35.200/0 

9. 

Metropolitan  Water  Board,  Boston 

Engineering  and  administration 

$23  600  000 

1896-1906 

16.65% 

9.42%* 
27.64% 

Interest  at  3.10%  during  construc- 
tion  

Total  overhead 

3 

Cincinnati  Water-Works  Improvements. 
Engineering  and  administration 

$11  000  000 

1897-1908 

12.72%* 

Interest  at  3.75%  during  construc- 
tion  

15.24% 
29.90% 

Total  overhead 

4 

Little  River  Works,  Springfield.  Mass. . . 
Engineering  and  administration 

$2  000  000 

1907-1908 

14.30% 

Interest  at  3.59o  during  construction, 
about 

3.50% 
18.3% 

Total  overhead,  about 

*  Calculated  on  structures  and  land  taken  together. 


Overhead  on  Structures  with  Engineering  and  Administration  as 
IT  Actually  was,  with  Interest  Calculated  at  Actual  Eate 
and  at  a  6%  Eate. 


No. 


Engineering  and  administration 

Interest  rate 

Total  actual  interest 

Average  number  of  years  for  which 
interest  was  paid 

Interest  for  the  same  period  at  6%, 
obtained  by  multiplying  actual  in- 
terest by  ratio  of  6%  to  rate  paid . . . 

Corresponding  total  overhead 


P3 


14.560/^ 
4.300/O 
18.02% 

4.190/0 


25.150(, 
43.37% 


Figures  in  percentages. 


OStJ  eS 
O  O  g  g 


16.650/0 
3.10% 
9.420/& 

3.04% 


18.23% 
37.91% 


B  u  a  =2 


18.720/0 
3.750/0 
15.24% 

4.07% 


24.390/0 
40.20% 


14.30% 
3.500/0 
3.500/0 

1.00o,f, 


6.000/0 
21.16% 


CO 


43.08% 

4.300/0 

37.15%* 

7.850/0 


47.00% 
110.3% 


*  Includes  taxes. 
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(/). — Engineering  on  Kailways. 
From  Various  Sources. 


District. 


fr*       to 


o  » 


-^T3 


U) 

O  P  S- 


(1), — Actual   Cost.     Milwaukee,   Sparta  and  Northwestern  Rail- 
way (Chicago  and  Northwestern)   1910. 


Milwaukee   to  Clyman 

52.97 

$5  412  246.85 
891  7U7.04 

5  396  907.95 
364  559.21 

1  430  448.99 
339  005.89 

238  186.32 

$102  175.70 
'60  342!22 

bbisgiio 

$108  428.21 

7  654.47 

165  008.89 

4  410.19 

46  721.13 

4  581.87 

3  535.18 

$2  046.97 

2  029! 59 

270.89 

2.0 

Butler  Yard 

0.86 

Clyman  to  Necedah  — 

Friendship  Yard 

Wyeville  to  Sparta 

Wyeville  Y'ard 

Necedah     to    Wyeville 
(Reconstruction  of 

89.44 
"23!62 

13.05 

3.06 
1.21 
3.27 
1.38 

18  251.82 

1.49 

Average   cost,  entire 
line 

165.43 

$12  701  161.94 
r    13  834  9'^5.93  ] 
,  Cost,  includ-  1 
j     ing  right  of  | 
[     way.             J 

$76  775.65 
83  630.09 

$336  804.76 

$2  034.72 

2.65 

2.44 

(2). — Cases    Presented    to    Interstate    Commerce    Commission    in 
Argument  and  Brief,  September  1st,  1915. 


Name. 


Kansas  City  Southern 

Chicago  and  Northwestern. 

Illinois  Central 

Sunset  Central 

Union  Pacific 

Southern  Pacific 


State. 


Missouri. . 
Wisconsin 
Kentucky 

Texas 

Nebraska . 
California 


Miles. 

Percentage. 

8.4 

2.6 

178.0 

2.8 

32.0 

1.3 

47.0 

2.8 

26.0 

2.5 

143.0 

2.5 

"The  total  investment  for  these  4  390  miles  of  western  lines  was 
$126  711  214,  exclusive  of  land,  equipment,  and  overhead  charge ;  the 
charge  to  engineering  was  $5  193  116,  the  construction  cost  per  mile 
being  less  than  $29  000. 

"The  East  reports  42  cases  (exclusive  of  the  Pennsylvania  Tunnel 
and  Terminal  Company  and  the  New  York  Central  developments  in 
New  York).  The  mileage  covered  is  817  miles,  or  but  19%  of  the 
length  reported  by  the  West,  the  total  investment,  excluding  land, 
equipment,  and  overhead,  being  $132  528  399,  or  $5  817  185  more  than 
the  4  390  miles  reported  by  the  western  lines. 
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"The  engineering  cost  for  these  817  miles  was  $7  677  089,  or  5.79%, 
an  increase  in  rate  of  41%  over  the  western  lines.  The  average  cost 
per  mile  was  $162  239,  or  5.6  times  the  amount  per  mile  expended  on 
the  western  roads  reporting." 


Name. 


Boston  and  Maine 

Pennsylvania  Lines  West 

Western  Marjiand 

Delaware  and  Hudson 

New  York.  Ontario  and  Western. 

New  York  Central 

Chicago  and  Eastern  Illinois 

Chicago  and  Eastern  Illinois 


State. 


New  Hampshire. 


Illinois  . 
IlUDois  , 


Miles. 


7..^ 
6.0 
86.0 
14.0 
54.0 
11.0 
62.0 
63.0 


Percentage. 


1.7 
2.2 
2.6 
2.2 
2.4 
2.0 
1.8 
2.6 


"The  New  York  Central  and  Hudson  River  Railroad  Company,  the 
Barge  Canal,  and  five  cities  spent  $256  800  000  (including  land),  of 
which  $133  000  000  was  expended  outside  the  City  of  New  York.  The 
engineering  expense  on  this  work  that  was  charged  amounted  to  7.6% 
on  all  items  of  construction,  including  land. 

"The  Pennsylvania  Timnel  and  Terminal  Company,  with  11.81 
miles  of  first  track  and  69.42  miles  in  all,  cost  $111  701  889,  exclusive 
of  equipment,  taxes,  interest,  or  overhead  charges  other  than  engi- 
neering; of  which  amount,  $20  679  950  was  for  land,  or  18.5%  of  the 
total.  The  charged  cost  of  engineering  was  7.2%  of  the  cost,  excluding 
land  and  equipment. 

"The  South  reports  30  cases,  covering  1  638  miles,  with  an  invest- 
ment, including  land,  but  excluding  equipment  and  overhead,  of 
$78  546  665.  The  charged  cost  of  engineering  on  these  1  638  miles  was 
$3  492  248,  or  4.4%,  including  land." 
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OO- — Analysis  of  Certain  Land  Purchasers  by  Eailroads. 
Details  of  passenger  coach  yard  purchase,  St.  Paul. 
There  were  no  condemnations,  all  tracts  being  bought  at  private 
sale. 

There  were  no  severance  damages,  the  entire  tract  being  bought  in 
each  case. 

The  law  requires  the  Tax  Commission  to  determine  ratio  of  assumed 
valuation  to  real  value,  and  the  "assessment  method"  is  based  on  actual 
assessment  affected  by  this  ratio. 


Area  purchased 

Total  purchase  price 

Deduct  amount  paid  for  improvements. 


Before  the 

identity  of  the 

purchaser 

was  known. 


581  120  sq.  ft. 

$94  000.00 

11  083.33 


After  the 

identity  of  the 

purcnaser 

was  known. 


388  931  sq.  ft. 
$269  700 
69  132 


Amount  paid  for  land. 


Price  per  square  foot  paid  for  naked  land 

Total  naked  land  value  determined  by  assessment  method. 
Naked  land  value,  assessment  method,  per  square  foot  — 


$82  916.67 

0.143 
44  535.00 
0.077 


$200  568 

0.558 
49  536 

0.138 


Excess  paid  over  value  by  the  assessment  method. 


$38  381.67 


$151  032 


Summarized,  the  above  figures  show: 
Naked  land  value  determined  by  assessment  method.   $94  071.00 

Faid   for   improvements 128  023.47 

Paid,  in  excess  of  value,  by  assessment  method 189  413.66 

Paid  for  severance  damages 0 


23% 

31% 

46% 

0 


Expenses  of  acquisition $411  508.13  100% 

The  actual  expense  of  the  Eight-of-Way  Department  was  $3  553.20, 

or  only   0.86%   of  the  total  purchase  price.     There  were  21   parcels 

acquired  and  two  others  secured  by  exchange  of  site  and  removal  of 

buildings,  making  23  owners  dealt  with.     Expense  per  parcel,  $154.50. 

Details  of  Knife  River  Branch,  N.  Dak.,  Northern  Pacific  Railway. 


Valuation  of  naked  land,  made  by  real  estate 
men  and  bankers,  not  by  employees.    Per 

acre 

Total 

Total  number  of  deeds 

Total  acres  conveyed 

Average  acres  per  transfer 

Total  consideration 

Averagre  consideration  per  acre  .     

Total  number  of  considerations 

Acres  condemned 

Award  in  condemnation  cases 

Average  per  acre,  award 


Mercer  Co.,  N.  Dak. 

Dunn  Co.,  N.  Dak. 

$22.07 

$22.13 

$15  709.42 

$12  065.13 

86 

63 

784.97 

615.55 

9.12 

9.77 

27  460. 

17  106. 

85  00 

27.80 

4 

None 

70.83 

1  966.. 52 

27.70 
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Summary. — Both  Counties. 

Total  naked  land  value $27  774.54  62.32% 

All  other  elements  of  value 16  791.89  37.68% 


Total  purchase  price $44  566.43  100% 

Expense  of  acquisition 9  258.79 

Ratio  of  expense  of  acquisition 

to  purchase  price 20.77 

Expenses  of  Acquisition. 

Total. 

Services  and  expenses  of  right-of-way  agents .  $6  790.75 

Services  and  expenses  of  attorneys 705.69 

Cost  of  abstracts  and  opinions  of  title 1  227.80 

Cost  of  recording  deeds 329.55 

Automobile  hire 205.00 


A.verage 

Average 

per  deed. 

per  acre. 

$46.19 

$4.85 

4.80 

0.50 

8.35 

0.93 

2.24 

0.23 

1.40 

0.15 

$9  258.79     $62.98      $6.66 

This  case  affords  an  illustration  of  the  extremely  favorable  cost  of 
acquisition.  The  line  was  desired  by  the  people.  There  was  but  little 
contest.  Two  of  the  condemnation  cases  were  to  acquire  land  owned 
by  the  State  of  North  Dakota,  the  other  two  were  against  land  com- 
panies. Every  individual  owner  was  settled  with,  yet,  in  spite  of 
these  facts,  the  land  cost  was  $27  774.54,  and  "other  elements"  plus 
cost  of  acquiring  amounted  to  $26  050.68,  or  93.8%  of  the  bare  land 
price. 

Details  of  Bear  Creek  Branch,  Northern  Pacific  Railway. 

The  Bear  Creek  Branch,  built  in  an  irrigated  valley  luider  high 
cultivation,  paralleling  within  2  miles  an  existing  road,  was  not 
desired  by  the  farmers. 

The  assessed  value,  based  on  sales  of  5  916  acres  in  1913-14,  was 
25.3%  of  sales.  On  this  the  assessor's  statement  that  25%  is  a  fair 
average  is  accepted  for  part  of  the  district,  but  20%  was  used  on  part. 

Condemnation  occurred  in  seven  cases,  in  each  case  the  award  was 
divided  into  (a)  actual  value  of  strip  taken,  (h)  damages  to  remainder. 

Area  taken  by  condemnation....  23.57  acres 

Award  for  strips  taken $3  624.00  13.2% 

Award  for  damages 23  930.00  86.8% 

Total  award $27  554.00  100% 

It  is  to  be  noted  that  the  award  for  strips  averaged  $153.75  per  acre, 
as  against  an  actual  land  value,  based  on  assessment  method  and 
opinion,  of  $59.85  per  acre  plus  $20.00  for  growing  crops.  This  award 
was  $73.90  in  excess  of  actual  value. 
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The  total  purchases  were  as  follows: 

Bridger    to    Belfry 155.78  acres  at  $59.85 

Belfry  to  Bear   Creek. .  104.26      "      "     25.15 


260.04 


Bear  Creek  town  lots. 


$9  323.43 
2  622.06 


2  206.08 


Total  naked  land  value $14  151.65 

All  other  elements  of  value 100  606.60 


12.33% 
87.67% 


$114  758.28      100.00% 

Expense   of   acquisition $5  384.35 

Ratio  of  expense  of  acquisition  to  total  pur- 
chase price    4.7% 

Details  of  costs  of  acquisition,  56  parcels,  260  acres  plus  59  town 
lots. 

Total.      Per  parcel.    Per  acre.* 

Abstracts  of  title $725.25  $12.95  $2.70 

Recording  deeds 111.40  2.00  0.41 

Legal   ^ 168.25  3.00  0.62 

Salaries    and    expenses    right-of- 
way  men 4  379.45  78.20  16.22 


$5  384.35      $96.15      $19.95 

Details  of  Land  Purchases,  Norfolk  and  Western  Railway,  Nottoway 
Co.,  Va.    Main  Line  and  Second  Track  Construction. 


Acres. 

Parcels. 

Average 

acres  per 

parcel. 

Total 
considera- 
tion. 

Naked 
land  value. 

Other 

elements  of 

value. 

13.40 
87.86 

$14  006 
21  769 

$5  870 
10  068 

$8  136 

11  701 

101.36 

163 

0.633 

$35  775 

$15  938 

$19  837 

Averages:  Town  land,  average  per  acre,  naked  land.        $438.06     41.9% 
"          "       "         other  con- 
siderations     607.16      58.1% 


Total .     $1  045.22  100% 

The  expenses  of  acquisition $13  761.06 

Ratio  of  expense  to  cost  of  acquisition 38  4/10% 

Legal  expense  included  in  cost  of  acquisition $11 186.28 

Cost  of  acquisition,  other  than  legal  expense $2  574.78 

Ratio  of  expenses,  other  than  legal,  to  cost 7  2/10% 

*  The  69  town  lots  computed  as  10  acres. 
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Total  expense  of  acquisition,  per  acre $135.90 

Total  expense  of  acquisition,  per  parcel 84.40 

Expense,  exclusive  of  land,  per  acre 25.43 

Expense,  exclusive  of  land,  per  parcel 16.10 

The  elements  in  "Other  elements  of  value"  were  $2  105  for  moving 
buildings,  $2  040  for  severance  damages,  and  the  remainder  was  con- 
sequential damages. 


Acres. 

Parcels. 

Total 
consideration. 

Naked 
land  value. 

Other  elements 
of  value. 

Dinwiddle  County 

Isle  of  Wight  County. . . . 

22.54 
5.436 

23 
12 

$8  482  66 
2  529 

$3  246 

580 

$5  2.38 
1  949 

Expense  of  acquisition,  Dinwiddie  Co $1 154.33, 

or  13.16%  of  purchase  price. 

Expense  of  acquisition,  Isle  of  Wight  Co 687.32, 

or  27.18%  of  purchase  price.     , 

Expense  per  acre,  Dinwiddie  Co 51.00 

"            "        "      Isle  of  Wight   Co 126.44 

"           "    parcel,  Dinwiddie  Co 50.19 

"           "        "        Isle  of  Wight  Co 52.87 


Investigations  of  the  California  Commission. 

In  the  proceedings  to  determine  the  valuation  of  the  Petaluma  and 
Santa  Eosa  Eailway,  the  finding  was  written  by  Commissioner 
Shelen.  In  his  discussion  of  right  of  way,  he  states  (Decision  No. 
2348— Case  No.  145— Publ.  Serv.  Eeports,  1915  C  752)  : 

"The  records  of  the  engineering  department  contain  the  analysis 
of  some  1 140  miles  of  recently  constructed  railroad  rights  of  way  in 
California,  the  total  cost  of  which  is  $8  211632.65,  and  the  market 
value  of  the  land  for  ordinary  purposes,  at  the  time  of  purchase,  was 
$6  293  862.89,  which  would  show  a  multiple  of  1.30.  The  incidental 
expense  in  connection  with  the  acquisition  of  844  miles  of  this  right 
of  way  was  $648  329,  which  is  9.14%  of  the  amount  paid  to  the 
grantors.  Practically  88%  of  the  costs  of  lands  was  for  property 
located  within  incorporated  city  limits,  and  the  multiple  on  this 
classification  was  approximately  1.25." 
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APPENDIX   IV. 

Records  of  Abandoned  Property. 

The  Committee  calls  the  attention  of  engineers  and  administrators 
of  public  utility  properties  to  the  desirability  of  keeping  as  clear  and 
complete  a  record  as  posible  of  the  property  abandoned  by  the  corpora- 
tion, annually  and  in  aggregate  amount. 

Such  records  will  be  of  great  service  to  Courts  and  commissions, 
in  assisting  them  to  determine  the  annual  depreciation  allowance  which 
should  fairly  be  made  for  any  public  utility  property,  in  the  light  of 
its  past  history,  as  well  as  of  an  intelligent  forecast  of  its  probable 
future. 

It  is  obvious  that  such  records — when  used  as  a  check  on,  or  when 
coupled  with,  an  estimate  of  the  accrued  depreciation  on  the  existing 
property — will  reduce  substantially  the  element  of  uncertainty  which 
must  attend  all  such  computations,  based,  as  they  must  always  be, 
on  probable  future,  as  well  as  on  past,  conditions. 

As  an  example  of  such  records  within  the  water-works  field,  and  of 
their  applicability,  the  following  table  is  cited,  embodying  the  results 
of  a  continuous  effort  to  collect  such  data,  during  a  period  of  15  years, 
more  or  less,  on  the  part  of  Allen  Hazen  and  Leonard  Metcalf,  Members, 
Am.  Soc.  C.  E. 

It  seems  highly  probable  that,  by  keeping  such  records  in  detail, 
there  will  be  developed,  in  the  course  of  time,  sufficient  information 
to  admit  of  the  setting  aside  of  the  fair  annual  depreciation  allowance 
on  a  basis  of  percentage-of-gross-revenue  of  the  operating  company,  a 
method  which  would  have  much  advantage,  on  account  of  its  sim- 
plicity of  accounting,  as  well  as  for  other  reasons. 

Inasmuch  as  this  table  is  submitted  for  suggestive  purposes  only, 
and  not  for  direct  application,  it  is  unnecessary  to  record  here  a  descrip- 
tion of  the  various  plants,  or  the  methods  of  determining  the  figures 
contained  in  the  record,  though  it  may  be  added  that  these  figures  have 
been  taken  in  large  measure  from  authoritative  sources,  such  as  Court, 
oommission,  or  agreed,  findings. 
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MEMOIRS  OF  DECEASED  MEMBERS 

Note. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation -which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


EDWARD  MANNING  BIGELOW,  M.  Am.  Soc.  C.  E.* 


Died  December  6th,  1916. 


Edward  Manning  Bigelow  was  born  in  Pittsburgh,  Pa.,  on  Novem- 
ber 6th,  1850,  being  one  of  five  children  bom  to  Edward  M.  and  Mary 
Steel  Bigelow.  He  received  his  early  education  in  the  public  schools 
and  after  graduation  entered  the  Western  University  of  Pennsylvania 
(now  the  University  of  Pittsburgh)  where  he  studied  civil  engineering. 

Upon  leaving  college  he  entered  the  service  of  the  City  of  Pitts- 
burgh in  a  subordinate  position  on  the  staff  of  the  City  Engineer, 
which  position  he  held  until  1874  when  he  was  promoted  to  engineer 
in  charge  of  certain  street  construction,  working  under  a  Commission 
which  was  authorized  by  special  legislative  enactment.  Subsequently, 
the  laws  authorizing  this  work  were  declared  unconstitutional,  and 
Mr.  Bigelow  left  the  service  of  the  City  for  a  short  time.  He  was  re- 
employed by  the  City  and  served  as  Assistant  Engineer  in  charge  of 
surveys  and  the  location  of  streets  from  1876  to  1878,  and  in  charge 
of  construction  from  1878  to  1882. 

On  January  9th,  1882,  he  was  unanimously  elected  City  Engineer 
by  Council,  which  position  he  held  until  1885,  and  from  1885  to  1888 
he  was  City  Engineer  and  Commissioner  of  Highways.  At  this  time 
the  City  Charter  was  changed,  the  Department  of  Public  Works  being 
created,  and  Mr.  Bigelow  was  then  appointed  Director  of  the  Depart- 
ment of  Public  Works,  which  office  he  held  for  two  full  terms  of  three 
years  each. 

On  June  1st,  1911,  Grovernor  John  K.  Tener  of  Pennsylvania 
appointed  Mr.  Bigelow  to  the  office  of  State  Commissioner  of  High- 
ways, which  office  he  held  until  April,  1915.  Mr.  Bigelow  was  honored 
by  a  re-appointment  to  the  office  of  Director  of  the  Department  of 
Public  Works  of  Pittsburgh  just  prior  to  his  death. 

Mr.  Bigelow's  entire  life  was  devoted  to  municipal  improvements. 
He  was  an  engineer  of  broad  vision  and  foresight;  his  plans  for 
improvements  were  always  comprehensive,  and  provided  well  for  the 
future.  Under  his  supervision  many  miles  of  Pittsburgh's  streets  and 
sewers  were  laid  out  and  constructed,  including  the  boulevards.     His 
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greatest  achievement,  and  the  one  in  which  he  took  the  most  pride,  was 
the  development  of  Highland  and  Schenley  Parks.  It  was  also  under 
his  administration  that  work  on  the  water  purification  plant  was 
started. 

Mr.  Bigelow  was  an  honest,  tireless,  and  conscientious  worker,  and 
more  than  ordinary  credit  is  due  him  from  the  people  of  Pittsburgh 
when  it  is  considered  that  many  of  the  improvements  which  he  inaugu- 
rated and  carried  through  to  successful  completion  were  consummated 
in  the  face  of  much  criticisra  and  abuse.  The  appreciation  of  his 
"services  in  the  development  of  the  parks  was  manifest  by  the  erection 
of  a  bronze  statue  placed  at  the  entrance  of  Schenley  Park,  the  cost 
of  which  was  defrayed  by  public  subscription.  He  was  known  as  the 
"Father  of  the  Parks". 

The  same  characteristic  plan  on  a  large  and  comprehensive  scale 
was  displayed  by  Mr.  Bigelow  during  his  tenure  of  office  as  Commis- 
sioner of  Highways  of  the  State  of  Pennsylvania.  Under  his  direction 
plans  were  made  for  the  improvement  of  a  comprehensive  system  of 
highways  traversing  the  State  in  anticipation  of  securing  funds  for 
their  improvement.  Many  of  the  State  highways  were  improved,  and 
much  credit  is  due  to  him  for  the  creditable  work  performed  with  the 
limited  funds  at  his  disposal. 

Even  during  periods  when  Mr.  Bigelow  was  not  connected  with 
the  government  of  Pittsburgh,  his  interest  in  city  affairs  never  ceased; 
and  his  genius  for  planning  and  energy  in  advocating  improvements 
for  the  benefit  of  the  city  were  always  manifest. 

Aside  from  Mr.  Bigelow's  professional  career,  he  was  a  man  of 
affairs  and  took  an  active  interest  in  financial,  commercial,  and  social 
activities.  He  was  a  Trustee  of  the  Carnegie  Institute  of  Technology 
from  the  time  of  its  founding,  and  took  an  active  part  in  the  develop- 
ment of  this  institution.  He  was  President  of  the  Liberty  National 
Bank,  the  Liberty  Savings  Bank,  and  the  Homewood  Cemetery.  He 
was  also  a  Trustee  of  Andrew  Carnegie's  benefactions,  the  Car- 
negie Library  and  Institute,  Carnegie  Hero  Fund  Commission,  the 
Institute  of  Technology,  and  also  of  the  Schenley  Memorial  Com- 
mission. He  was  a  member  of,  and  also  took  an  active  part  in,  the 
East  Liberty  Presbyterian  Church,  and  his  time  and  talents  were 
given  freely  in  the  raising  of  funds  and  for  other  purposes  connected 
with  this  church. 

Upon  Mr.  Bigelow's  death,  the  Council  of  the  City  of  Pittsburgh 
paid  due  respect  by  calling  a  special  meeting  of  that  body  for  the 
purpose  of  honoring  the  memory  of  the  late  Director  of  the  Department 
of  Public  Works,  and  the  following  resolution  was  passed,  which  per- 
haps is  the  best  expression  of  the  high  regard  and  esteem  in  which  his 
services  to  the  City  of  Pittsburgh  are  held  by  this  community : 
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"Whereas,  Almighty  God,  in  His  infinite  wisdom,  has  seen  fit  to 
remove  from  our  midst  one  of  Pittsburgh's  most  distinguished  citizens ; 
and 

"Whereas,  Edward  Manning  Bigelow  was  a  man  of  stainless  integ- 
rity, of  superb  courage,  and  of  great  intellectual  force;  a  man  who 
always  walked  in  the  highway  of  right;  and  in  disaster  stood  erect;  a 
man  to  whom  defeat  was  but  a  spur  to  further  effort;  a  man  who 
believed  in  the  loyalty  to  man,  in  the  sovereignty  of  the  citizen,  and 
in  the  matchless  greatness  of  this  grand  City;  a  man  who  gave  freely 
of  his  talents  and  genius  to  the  up-building  of  the  City  of  Pittsburgh, 
who  served  the  City  for  many  years  with  a  self-sacrificing  devotion, 
and  whose  master  hand  is  indelibly  impressed  upon  every  section  of 
the  City;  and 

Whereas,  As  he  lived  he  died,  with  that  tenacity  of  purpose  which 
characterized  his  life;  while  yet  in  love  with  life  and  raptured  with  the 
world  he  bravely  answered  the  call  of  the  Master  of  the  Universe  and 
passed  to  his  eternal  home  beyond  the  utmost  reach  of  human  harm  or 
help.  He  has  left  with  us  his  wealth  of  thought  and  deed — the  memory 
of  a  brave,  imperious,  honest  man,  who  bowed  alone  to  death;  therefore 
be  it 

Resolved,  that  a  copy  of  these  resolutions  be  spared  upon  the  Min- 
utes of  Council  of  Pittsburgh,  and  that  a  copy  be  sent  to  his  bereaved 
widow." 

In  addition  to  the  foregoing  resolution,  many  tributes  of  respect 
were  paid  to  Mr.  Bigelow's  ability  as  a  citizen  and  public  officer  by  men 
prominently  identified  with  the  financial,  commercial,  and  professional 
aflFairs  of  the  City. 

Mr.  Bigelow  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  December  4th,  1889. 


WILLIAM  BYRD  KING,  M.  Am.  Soc.  C.  E.* 


Died  October  11th,  1915, 


Mr.  King  was  born  in  Orange  County,  Virginia,  on  December  29th, 
1848,  and  was  a  direct  descendant  of  Colonel  William  Byrd,  who 
founded  Richmond  in  1733. 

His  early  education  was  through  tutors  and  private  neighborhood 
schools.  Later,  he  took  academic  work  at  Locust-Dale  College  and  some 
engineering  courses  at  the  University  of  Virginia. 

In  1873  Mr.  King  went  to  Texas,  where  he  engaged  in  land  sur- 
veying, principally  the  demarcation  of  railway  land  grants  in  the  Far 
West.  He  continued  this  pioneer  work,  under  all  sorts  of  hardships 
*  Memoir  prepared  by  John  B.  Hawley,  M.  Am.  Soc.  C.  E. 
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and  dangers,  until  1879,  when  he  was  appointed  Assistant  Engineer 
on  Construction  of  the  Texas  and  Pacific  Railway,  and  later  of  the 
Fort  Worth  and  Denver  City  Eailway,  and  the  Missouri,  Kansas  and 
Texas  Railway,  in  Texas. 

In  1884  Mr.  King  was  appointed  City  Engineer  of  Fort  Worth, 
serving  until  1889,  when  he  was  appointed  City  Engineer  of  Waco, 
serving  until  1891.  During  his  incumbency  of  these  two  offices  he 
planned  street  and  sewerage  systems  that  were  basic  for  both  munici- 
palities. 

After  completing  his  work  at  Waco,  Mr.  King  was  called  to  the 
Chief  Engineership  of  the  Fort  Worth  and  Rio  Grande  Railway,  now 
a  part  of  the  Frisco  System.  Later,  he  was  elected  Vice-President  and 
General  Manager  of  the  Frisco  System  in  Texas,  which  position  he 
filled  with  distinction  until  Armour  and  Swift  established  their  great 
packeries  and  stockyards  in  Fort  Worth,  in  1902,  when  he  was  made 
President  of  the  Fort  Worth  Belt  Railway,  and  Vice-President  and 
General  Manager  of  the  ''Armour-Swift"  Stockyards. 

For  several  years  Mr.  King  was  a  sufferer  from  arterio-sclerosis, 
and  in  1915  was  retired,  with  consultation  duties  only,  on  full  salary. 
For  perhaps  two  years  before  this  he  had  suffered  from  the  insomnia 
characteristic  of  his  malady  to  the  extent  that  10  or  12  hours'  sleep 
a  week  was  his  gauge  of  rest.  In  spite  of  this,  he  was  regularly  at  his 
desk,  the  suave,  courteous,  directing  head  of  the  busiest  cattlemart  of 
the  Southwest. 

In  addition  to  his  other  engagements,  he  found  time  during  1913 
to  act  as  a  member  of  the  Board  of  Engineers  in  charge  of  Fort  Worth's 
new  water  supply.  His  work  on  that  Board  helped  to  bring  to  light 
and  eradicate  one  of  the  most  insidious  pieces  of  municipal  graft  ever 
known  in  the  South. 

During  several  of  the  quite  strenuous  Board  meetings  on  this  matter, 
he  was  obliged  to  retire  to  his  physician's  office  and  submit  to  copious 
bleeding,  in  order  to  keep  his  blood  pressure  within  living  bounds. 
Little  things  like  letting  out  part  of  his  heart's  blood  in  order  to  stand 
the  strain  of  serving  the  public  did  not  seem  to  "cut  any  figure". 

The  writer  knew  "Byrd"  King,  with  increasing  intimacy,  from  1891 
until  his  death.  He  was  the  kind  of  man  we  all  want  really  to  have 
as  a  friend.  An  Engineer  of  the  Tredgold  type.  A  typical  Southern 
gentleman?  No.  Byrd  King's  courtly  manners  marked  him  as  the 
son  of  many  generations  of  Virginia  Cavaliers,  but  his  gentleness 
went  far  beyond  any  qualification  as  to  South  or  North :  his  innate, 
never  spoken,  but  always  to  be  depended  on,  rule  of  action  was, 
noblesse  ohlige. 

William  Byrd  King  was  a  world  gentleman. 

Mr.  King  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  7th,  1896. 
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HENRY  GORDON  STOTT,  M.  Am.  Soc.  C.  E.* 


Died  January  15th.  1917. 


Henry  Gordon  Stott  was  a  native  of  the  Orkney  Islands,  Scotland, 
where  he  was  born  on  May  13th,  1866,  the  son  of  the  Rev.  David  and 
Elizabeth  Jane  (Dibblee)  Scott.  After  a  thorough  grounding  in  the 
fundamentals,  by  his  father  and  elementary  school  instructors,  he  was 
enrolled  as  a  student  at  the  Watson  Collegiate  School,  Edinburgh.  On 
leaving  this  institution  he  entered  the  College  of  Arts  and  Sciences  at 
Glasgow,  and  began  a  course  in  mechanical  engineering  and  electricity, 
being  graduated  in  1885.  In  the  year  previous  he  had  entered  the 
employ  of  the  Electric  Illuminating  Company,  of  Glasgow.  Shortly 
after  his  graduation  he  was  made  Assistant  Electrician  on  board  the 
Steamship  Minia,  belonging  to  the  Anglo-American  Telegraph  Com- 
pany. The  next  4^  years  saw  him  engaged  with  those  duties,  during 
the  course  of  which  he  saw  much  service  in  connection  with  repairs 
to  the  cable  lines  of  that  company.  During  this  period  he  undertook 
a  number  of  experiments  that  resulted  in  the  introduction  of  improved 
methods  of  handling  cable  repairs.  He  was  also  identified  with  the 
'•'duplexing"  of  the  United  States  Cable  Company's  main  cable  (2  750 
knots),  the  longest  duplex  cable  in  the  world. 

In  1889  Mr.  Stott  was  made  Assistant  Engineer  of  the  Brush 
Electric  Engineering  Company's  plant  at  Bournemouth,  England.  In 
the  following  year  he  accepted  a  position  with  Hammond  and  Company 
as  Assistant  Engineer  in  the  construction  of  an  underground  cable  and 
power  plant  at  Madrid,  Spain.  He  remained  there  until  1891,  coming 
to  the  United  States  in  that  year  to  construct  an  underground  cable 
and  conduit  system  for  the  Buffalo  Light  and  Power  Company  (now 
the  Buffalo  General  Electric  Company).  This  work  was  completed 
with  a  degree  of  success  that  reflected  very  great  credit  on  Mr.  Stott. 
As  a  result  he  was  named  Engineer  of  the  company,  and  during  the 
next  10  years  was  one  of  the  most  active  fig'ures  in  the  industrial 
progress  of  Buffalo.  During  this  period  he  designed  and  executed 
some  notable  construction  work,  including  a  power-plant  on  Wilkeson 
Street,  Buffalo. 

His  efforts  attracted  wide  attention,  and  in  1901  he  was  appointed 
Superintendent  of  Motive  Power  of  the  Interborough  Rapid  Transit 
Company,  New  York  City,  a  position  which  he  filled  with  signal  suc- 
cess. At  the  time  he  took  up  these  duties  the  Interborough  had  not 
yet  been  organized,  the  company  having  the  title  of  the  Manhattan 
Railway  Company.  The  post  to  which  Mr.  Stott  was  called  had  just 
been  created,  and  it  devolved  upon  him  to  organize  the  operating  force, 

•Memoir  prepared  by  W.  S.  Finlay,  Jr.,  Esq. 
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in  connection  with  which  he  completed  the  74th  Street  power-plant 
of  the  company,  and  various  sub-stations  and  transmission  lines. 

When  the  Manhattan  System  was  amalgamated  with  the  Inter- 
borough,  in  1904,  Mr.  Stott  was  invited  to  retain  his  office  with  the 
new  corporation.  He  accepted,  and  immediately  took  over  supervision 
of  the  construction  of  the  power-plant  on  59th  Street.  Since  that 
time  he  had  been  constantly  in  charge  of  the  design,  construction,  and 
operation  of  the  power  generating  stations  and  the  distributing  system 
of  the  Interborough,  which  comprehends  both  the  subway,  elevated, 
and  surface  lines  of  New  York  City. 

The  plans  for  the  electric  power  system  of  the  new  subway  lines 
were  developed  under  his  supervision,  and  the  work  has  progressed 
so  far  and  bears  so  strongly  the  stamp  of  his  work  that,  when  completed, 
it  will  be  a  monument  to  him. 

Mr.  Stott  was  a  firm  believer  in  co-operation  among  engineers, 
through  the  agency  of  engineering  societies.  He  was  elected  President 
of  the  American  Institute  of  Electrical  Engineers  for  the  term  1907- 
1908,  Vice-President  of  the  American  Society  of  Mechanical  Engineers 
for  the  term  1912-1914,  Director  of  the  American  Society  of  Civil 
Engineers  in  1911,  and  was  Vice-President  and  Trustee  of  the  United 
Engineering  Society  at  the  time  of  his  death.  Up  to  the  last,  Mr. 
Stott  was  a  recognized  power  in  the  American  Institute  of  Electrical 
Engineers,  and  was  a  member  of  the  Standards  Committee,  the  Com- 
mittee on  Development  of  Water-Power,  the  United  States  National 
Committee  of  the  International  Electrotechnical  Commission,  the 
Power  Stations  Committee,  the  Public  Policy  Committee,  the  Edison 
Medal  Committee,  the  Committee  on  Economics  of  Electric  Service, 
and  was  one  of  the  Institute's  representatives  on  the  Joint  Committee 
on  the  Metric  System,  of  which  he  was  an  ardent  advocate. 

As  a  result  of  his  unusually  wide  experience  and  extended  research, 
Mr.  Stott  was  called  on  often  to  contribute  papers  to  the  various 
engineering  societies.  He  was  especially  well  known  for  his  minute 
analysis  of  enginering  problems.  Among  the  many  papers  written 
by  him  on  this  subject  are  "The  Conversion  and  Distribution  of 
Received  Currents",  "Power  Plant  Economics",  "Notes  on  the  Cost 
of  Power",  "Steam  Pipe  Covering  and  Its  Relation  to  Station 
Economy",  "Tests  of  a  15  000-Kilowatt  Steam  Engine  Turbine  Unit", 
'"Power  Plant  Design  and  Operation"  (a  series),  etc. 

Mr.  Stott  was  a  remarkable  figure  in  the  engineering  world,  because 
he  was  in  the  front  rank  of  both  electrical  and  mechanical  engineers, 
because,  in  both  branches  of  the  art,  he  was  a  master  of  theory  and 
practice,  and  because,  with  these  technical  qualifications,  he  combined 
a  rare  executive  ability,  a  power  of  inspiring  the  confidence  of  his 
employees,  and  of  bringing  out  the  best  that  was  in  the  men  who  worked 
for  him. 
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Mr.  Stott's  activities  were  not  confined  to  engineering  matters.  He 
early  became  a  citizen  of  the  United  States  and  served  for  5  years  in 
the  74th  Regiment  of  the  National  Guard  of  New  York  State. 

He  was  also  an  active  member  of  the  Protestant  Episcopal  Church, 
being  a  communicant  of  St.  Paul's  Church,  of  New  Rochelle,  in  the 
affairs  of  which  he  was  deeply  interested. 

Mr.  Stott  was  married  on  July  22d,  1894,  to  Miss  Anna  Mitchell, 
of  Belfast,  Ireland,  who,  with  their  two  children,  a  son  and  a  daughter, 
survives  him.  He  died  at  his  home,  in  New  Rochelle,  N.  Y.,  on 
January  15th,  1917,  after  an  illness  of  many  months. 

Mr.  Stott  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  July  1st,  1908. 


JAMES  JEROME  HILL,  F.  Am.  Soc.  C.  E.* 


Died  May  29th,  1916. 


The  death  of  James  Jerome  Hill,  at  St.  Paul,  Minn.,  on  May  29th, 
1916,  removed  from  the  railway,  banking,  and  industrial  life  of  the 
United  States  one  of  the  most  forceful  and  beneficent  figures  of  his 
generation.  Through  the  reflex  action  of  his  marvelous  mind,  as 
demonstrated  in  the  many  activities  directly  affecting  the  progress  and 
welfare  of  the  world,  he  became  an  international  character,  and  will 
live  in  the  future,  in  the  influence  and  example  of  the  sound  policies 
and  great  works  that  his  genius  created  during  the  busy  years  of 
his  life. 

In  the  vast  circle  of  his  friends,  and  among  his  business  associates 
who  knew  him  as  he  was,  the  demonstration  of  grief  at  his  death  was 
sincere  and  heartfelt,  and  the  knowledge  that  such  a  personal  and 
public  loss  was  inevitable,  in  the  course  of  Nature,  made  the  sorrow 
no  less  poignant.    - 

To  condense  even  the  main  features  of  his  history  and  life  work 
within  the  limits  of  this  memoir  would  be  an  impossibility,  but,  as  a 
Eellow  of  the  American  Society  of  Civil  Engineers,  it  is  fitting  that 
some  record  of  his  career  and  activities,  and  of  the  encouragement  and 
co-ordination  that  he  gave  to  the  civil  engineers  who  carried  out  his 
great  works,  should  be  made  in  the  annals  of  the  Society. 

Mr.  Hill  was  born  near  Guelph,  Ontario,  in  the  Dominion  of 
Canada,  on  September  16th,  1838.  His  parents,  James  Hill  and  Anne 
(Dunbar)  Hill,  were  of  Scotch  and  Irish  extraction,  his  father  fol- 
lowing the  usual  occupations  of  a  farmer  in  a  new  country.  His 
school  education  was  obtained  at  Rockwood  Academy,  an  institution 

*  Memoir  prepared  by  Ralph   Budd,  W.  L.   Darling,  and  John  F.  Stevens,   Mem- 
bers,  Am.  Soc.  C.  E. 
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of  his  home  neighborhood,  conducted  by  a  Quaker  schoolmaster,  who 
exercised  a  strong  influence  on  him  and  directed  his  reading  and 
studies.  His  father  died  when  he  was  fifteen  years  old,  and  he  then 
took  his  share  in  the  maintenance  of  the  family  by  working  in  a  country 
store  near-by.  His  ambition,  however,  could  not  long  be  satisfied  with 
such  a  narrow  field,  and  three  years  later,  in  the  summer  of  1856,  after 
visiting  several  of  the  larger  cities  of  the  United  States,  he  settled  in 
St.  Paul,  Minn. 

As  a  young  man  without  friends  or  resources,  he  found  employ- 
ment as  a  clerk  on  the  river  front,  then  the  center  of  the  business  life 
of  the  little  frontier  settlement.  He  was  first  with  the  Dubuque  and 
St.  Paul  Packet  Company,  then  with  the  Davidson  line  of  steamboats, 
remaining  with  that  concern  until  he  was  appointed  Agent  of  the 
Northwestern  Packet  Company  in  1865=  In  1867  he  established  a 
general  fuel  and  transportation  business  on  his  own  account,  and  in 
1869  he  became  the  head  of  the  firm  of  Hill,  Griggs  and  Company, 
engaged  in  the  same  enterprises.  During  all  these  years,  by  constant 
study  of  historical  facts,  human  nature,  and  conditions,  he  laid  the 
foundation  of  a  business  experience  which  came  to  include  a  knowl- 
edge of  all  the  essential  facts  of  the  trade  of  the  city  and  the  country 
back  of  it,  and  began  to  estimate  properly  the  wonderful  resources  of 
the  latter,  the  possibilities  of  which  had  not  even  dawned  upon  our 
most  far-sighted  men. 

The  fuel  business,  even  at  that  time,  was  important,  and  was  closely 
allied  with  the  restricted  transportation  facilities  of  the  Northwest; 
but,  during  this  period,  Mr.  Hill  had  become  interested  in  the  trade 
between  the  United  States  and  Fort  Garry,  as  Winnipeg  was  then 
called,  and  which  was  carried  by  way  of  St.  Paul.  To  handle  this 
business,  he  established,  in  1870,  the  Red  River  Transportation  Com- 
pany, and  in  1872  he  started  the  first  regular  line  of  service  between 
St.  Paul  and  Fort  Garry.  The  knowledge  he  thus  gained  of  the  vast 
latent  resources  of  that  country  crystalized  into  one  of  the  dominant 
ideas  of  his  existence,  and  one  which,  extended  and  amplified  beyond  his 
wildest  dreams,  became  an  accomplished  fact  long  before  the  close  of 
his  life.  So  that,  as  the  result  of  his  prophetic  vision  and  tireless 
energy,  an  immense  section  of  our  country,  which  had  been  con- 
sidered— if  at  all — of  little  value,  has  become  a  very  potential  factor 
in  the  production  of  the  wealth  of  the  world,  and  the  homes  of  thou- 
sands of  the  best  citizens  of  which  the  United  States  can  justly  boast. 
It  was  on  one  of  his  many  trips,  made  in  connection  with  this  trans- 
portation business,  that  he  met  Donald  A.  Smith,  afterward  Lord 
Strathcona,  with  whom  he  was  to  be  so  closely  and  successfully  asso- 
ciated in  his  first  railroad  enterprise. 

There  came  to  a  troubled  life  in  the  Fifties,  under  the  stimulus  of 
legislation  in  Minnesota,  a  railway  company  called  the  St.  Paul  and 
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Pacific,  which  name  alone  signified  ambition,  without  knowledge  or 
resources.  It  controlled  valuable  terminal  lands  in  St.  Paul,  and  had 
partly  built  a  line,  ultimately  intended  to  reach  the  Canadian  boundary 
at  St.  Vincent;  but  the  road  had  failed,  and  had  gone  into  the  hands 
of  a  Receiver  in  1873.  Its  bonds  were  held  in  Holland,  by  parties  who 
were  not  willing  to  abandon  their  investment,  nor  had  the  foresight 
or  nerve  to  invest  more  to  salvage  the  wreck.  Mr.  Hill  alone  saw  the 
possibilities  of  the  road,  and  what  a  factor  it  could  be  made  toward 
the  development  of  the  country,  an  empire  then  unsettled  and  over- 
looked. It  was  a  ready  forged  but  crude  instrument,  which,  to  be 
adequate  for  his  purpose,  must  be  controlled,  properly  financed,  and 
made  effective,  all  of  which  appeared  to  be  a  hopelessly  visionary 
project,  excepting  to  his  master  mind. 

Its  total  debt  was  nearly  $33  000  000,  an  enormous  sum  for  those 
times,  and  the  very  size  of  this  debt  would  have  staggered  a  less 
optimistic  and  forceful  character.  He  believed  that  he  could  secure, 
and  bent  all  his  energies  toward  securing,  control  of  the  property, 
and  his  faith  was  justified.  The  co-operation  of  Donald  A.  Smith, 
and  of  George  Stephen  (afterward  Lord  Mountstephen)  was  gained, 
and,  together  with  [N'orman  W.  Kittson,  who  had  had  experience  of 
the  country  in  acting  for  the  Hudson  Bay  Company,  they  formed  a 
syndicate  to  buy  the  defaulted  bonds  of  the  companies  covered  by 
the  St.  Pavd  and  Pacific  Railroad  Company. 

The  detailed  story  of  the  next  few  years  reads  more  like  a  fairy 
tale  than  a  relation  of  the  sober  facts  of  history.  These  four  men 
pledged  every  thing  they  had  in  the  world  to  obtain  even  money  enough 
to  secure  an  option  on  the  bonds;  for  men  of  affairs  in  New  York 
and  London  regarded  the  whole  proposition  as  chimerical.  Besides 
the  securing  of  an  option  on  the  bonds,  money  had  to  be  provided  to 
finish  uncompleted  lines,  within  the  time  limit  set  by  the  Legislature, 
in  order  to  avoid  forfeiture;  and  all  of  this  labor  fell  upon  Mr.  Hill, 
as  did  also  the  financing  necessary  to  make  good  the  agreements  with 
the  bondholders,  until  such  time  as  the  railroad  could  become  a  pro- 
ducer of  net  revenue,  and  it  was  not  until  1878  that  it  could  be  truth- 
fully said  that  matters  really  began  to  take  proper  shape. 

In  1879  the  properties  were  reorganized  as  the  St.  Paul,  Minneapolis 
and  Manitoba  Railway  Company,  with  necessary  lines  in  operation,  an 
organization  created,  the  proper  spirit  infused  into  the  enterprise,  and 
a  matured  plan  for  the  future  mapped  out.  The  system  then  com- 
prised 555  miles  of  constructed  road,  and  102  miles  under  construc- 
tion. From  this  time  began  its  steady,  never-ceasing  expansion,  cov- 
ering the  Northwestern  country  with  new  lines  and  branches,  to  be 
followed  closely  by  immigration  and  settlement,  and  making  an  equally 
steady  progress  towards  Montana,  and  the  ultimate  goal  of  the  Pacific 
Ocean,  which  object  had  been  in  Mr.  Hill's  mind  from  an  early  day. 
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In  1888  the  road  reached  Butte,  and  in  1893,  the  Pacific  Extension 
touched  the  shores  of  Puget  Sound  at  Seattle,  Everett,  and  Bellingham, 
realizing  the  transcontinental  idea.  A  line  had  long  before  been  com- 
pleted to  the  Great  Lakes,  and  a  steamship  company  established  to  give 
an  eastern  outlet. 

Mr.  Hill  was  for  two  years  during  this  period  interested  in  the 
planning  and  construction  of  the  main  line  of  the  Canadian  Pacific 
Railway,  from  the  plains  of  Manitoba  west  to  the  Pacific  Ocean,  being 
Managing  Director  of  that  company;  but  in  1883  he  gave  up  direct 
connection  with  that  enterprise  to  devote  his  entire  time  to  the  welfare 
of  his  own  marvelously  developing  properties. 

He  opened  trade  with  the  Orient,  establishing  a  line  of  transpacific 
ships  to  develop  and  handle  this  new  traffic.  Locally,  wherever  his 
lines  touched,  new  industries  sprang  up;  immigration  and  settlement, 
fostered  by  him  as  a  personal  matter,  followed  the  rails  with  a  rapidity 
hitherto  unprecedented  in  the  history  of  the  United  States. 

In  1890  the  various  railroad  enterprises  which  were  offshoots  of  the 
original  plan  were  all  compacted  into  one  company,  the  present  Great 
Northern  System.  The  great  machine  was  pushed  to  completion,  and 
grew  bigger  and  better  from  year  to  year,  until  it  stands  to-day,  in 
character  and  plan,  as  a  marvel  of  transportation  efficiency. 

Mr.  Hill  was  General  Manager  of  the  company  from  its  beginning, 
became  Vice-President  in  1881,  and  President  in  1882,  which  office  he 
held  and  administered  until  he  resigned  it  to  one  of  his  sons,  just  25 
years  later.  During  all  these  years,  as  well  as  to  the  end  of  his  life, 
his  was  the  guiding  hand,  and  his  the  inspiring  vision  and  controlling 
mind  that  have  made  the  Great  Northern  Railway  not  only  the  most 
notable  long-distance  transportation  machine  in  the  world,  but  also 
the  greatest  single  factor  in  the  material  development  of  an  empire 
of  incalculable  wealth  of  resources.  This  system,  as  the  embodiment 
of  the  plans,  ideas,  and  acts  of  one  man,  alone  constitutes  a  fitting 
monument  to  the  clear  vision  and  untiring  genius  of  James  J.  Hill. 

As  a  student  of  railway  economics,  Mr.  Hill  had  early  known  that 
the  measure  of  success  for  a  road  was  to  be  found  in  its  ability  to  move 
traffic  at  the  lowest  practicable  cost.  In  freight  movement,  this  meant 
light  gradients,  with  heavy  power  and  large-capacity  cars,  with  con- 
sequent maximum  train  loading.  In  this  field  he  was  preeminently  the 
pioneer  in  American  railroad  practice.  In  the  planning  and  construc- 
tion of  his  lines,  the  cardinal  principle,  which  he  insisted  must  be  fol- 
lowed, was  that  a  dollar  saved  in  construction  is  saved  but  once,  but 
that  a  dollar  saved  in  operation,  is  saved  every  time  the  wheels  go 
over  the  track,  and  he  saw  to  it  that  his  engineers  carried  this  principle 
out  in  every  particular.  Either  by  personal  inspection  or  from  reliable 
reports,  he  knew  practically  the  resources  and  conditions  of  every  mile 
of  territory  into  which  he  projected  his  lines.     He  was  naturally  a 
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great  engineer,  and  always  appreciated  and  gave  credit  where  credit 
was  due,  to  the  different  engineers  whom  he  trusted  to  plan  and  execute 
the  details  of  his  projects.  He  quickly  recognized  merit  and  ability 
in  the  personnel  of  his  engineering  staff,  and  neither  seniority  nor 
raiik  influenced  him  in  the  least  in  preferment  or  promotions.  He  was 
equally  quick  to  criticize  and  condemn,  whenever  his  usually  unerring 
judgment  so  dictated,  and  his  attention  to  details  together  with  his 
dynamic  force  of  character  kept  every  one  of  his  staff  up  to  the  highest 
point  of  individual  efficiency.  But  every  engineer,  however  humble 
his  rank,  knew  that,  like  Napoleon's  soldiers,  he  carried  a  baton  in  his 
baggage,  and  the  success  and  preferment  of  many  engineers,  not  only 
of  the  Great  Northern,  but  of  other  systems,  were  due,  not  only  to  Mr. 
Hill's  forceful  example,  but  also  to  his  direct  personal  interest  in  their 
welfare.  Whenever  he  gave  his  confidence  and  support,  he  gave  freely 
and  fully.  Results  were  what  he  demanded,  and  nothing  pleased  him 
more  than  to  have  an  engineer  leave  the  beaten  track  and  find  a  new 
and  better  way  to  reach  such  results,  and  in  this  way  individual  initia- 
tive was  encouraged.  The  Engineering  Profession  owes  a  large  debt 
of  gratitude  to  Mr.  Hill,  as  some  who  were  intimately  associated  with 
him  for  many  years  know  full  well,  and  appreciate. 

As  evidence  of  the  great  respect  he  had  for  the  Profession,  let  his 
own  words  speak  for  themselves.  In  an  address  delivered  before  a 
gathering  of  Civil  Engineers,  at  Minneapolis,  Minn.,  on  January  10th, 
1908,  he  said: 

"Yours  is  a  great  profession,  following  as  it  does  the  oldest  of  all 
the  arts.  When  the  pyramids  were  built  there  were  engineers  who 
mastered  problems  calling  for  great  engineering  skill.  Relics  of  still 
older  civilizations  appear  from  time  to  time  on  the  sites  of  cities  whose 
names  forgotten  tell  that  the  engineer  was  there  also;  and  that  he 
was,  then  as  now,  a  leader  of  thought  in  matters  of  great  practical 
service  to  the  common  good.  The  name  of  your  occupation  is  signifi- 
cant, related  as  it  is  to  the  word  'genius'  and  implying  the  union  of 
human  ability  with  that  diviner  spark  which  kindles  knowledge  to  a 
brighter  flame. 

"The  engineer  is,  indeed,  in  no  mean  sense  a  creator.  Not  only 
does  he  provide  for  the  needs  of  mankind  those  practical  utilities  on 
which  civilization  is  based,  but  he  brings  into  being  structures,  com- 
binations, possibilities  of  dead  matter  and  natural  energy  in  relations 
new  to  men.  He  is  inventor  as  well  as  artisan.  Many  of  the  modern 
wonders  of  the  world  are  the  thoughts  of  his  brain  as  well  as  the  works 
of  his  hands.  The  subjection  of  Niagara  to  our  daily  wants,  the 
redemption  of  an  ancient  country  by  the  damming  of  the  Nile,  great 
bridges  such  as  span  the  Firth  of  Forth  and  our  own  East  River  at 
New  York,  tunnels  that  carry  traffic  under  the  estuary  of  the  Severn 
and  the  peaks  of  the  Simplon  pass,  tubes  that  enable  railways  to  avoid 
waters  too  wide  to  be  bridged  safely,  canals  that  cut  away  land  barriers, 
the  modern  steamship  that  has  cheapened  and  quickened  ocean  transit, 
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the  factories  that  have  revolutionized  industry  and  the  marvelous 
plants  which  are  now  using  the  waterfalls  of  Norway  to  enrich  the 
earth  by  the  manufacture  of  fertilizers  drawn  from  the  nitrogen  of  the 
air — all  these  are  conquests  of  the  engineer's  ability  and  bear  tribute 
to  him  as  the  author  of  heretofore  unthought  of  things.  Across  every 
chapter  of  the  story  of  human  development  is  written  the  symbol  of 
some  great  engineer's  creative  mind." 

The  financial  record  of  Mr.  Hill's  labors  sufficiently  attests  to  the 
sagacity  of  his  ideas  and  their  practical  execution.  While  to  super- 
ficial comment,  it  may  be  said  that  his  individual  pecuniary  reward 
was  great,  the  fact  remains  that  he  was  never  a  money  seeker  for  per- 
sonal benefit.  His  whole  ambition  was  to  be  a  faithful  custodian  of 
the  interests  committed  to  his  care,  and  no  charge  that  he  ever  failed 
to  make  his  work  good  can  justly  be  made  against  him.  His  ability  to 
interest  capital — domestic  and  foreign — in  any  project,  or  in  line  with 
any  plan  he  set  forth,  was  well  known.  He  proved  his  faith  and  words 
by  his  acts,  and  such  a  course  made  him  almost  unique  in  the  history 
of  railroad  finance  in  the  United  States. 

As  a  characteristic  act,  his  handling  of  the  Great  Northern  iron 
ore  interests  may  be  mentioned.  In  1899  he  purchased  an  insignificant 
logging  road,  in  northern  Minnesota,  which  owned  some  lands.  These 
lands  contained  iron  ore,  but  in  unknown  quantities.  At  that  time  the 
vast  deposits  of  such  ore  in  that  section  had  not  been  demonstrated, 
and  his  purchase  involved  a  business  risk  in  which  he  did  not  care  to 
engage  his  stockholders.  So  the  property  was  acquired  as  a  personal 
investment.  A  company  was  formed  to  hold  and  develop  the  lands, 
which  was  done  in  the  succeeding  years,  and  when  their  immense  value 
had  been  fully  proven,  they  were  all  turned  over  and  distributed  to 
the  holders  of  Great  Northern  stock  at  cost.  What  the  present  and 
potential  value  of  the  lands  is  no  one  knows,  but  it  is  a  safe  judgment 
that  they  alone  are  worth  more  than  the  personal  estate  which  Mr.  Hill 
acquired  during  his  lifetime. 

During  all  the  busy  years  he  gave  to  the  creation  and  building  up 
of  the  great  system  of  railway,  not  a  cent  of  salary  was  ever  drawn  by 
him  from  it,  he  preferring  to  take  his  compensation  in  common  with 
the  stockholders,  from  the  increased  value  of  the  properties.  Unlike 
other  transcontinental  lines,  the  Great  Northern  received  no  land 
grant,  or  other  aid  from  the  Federal  Government,  excepting  the  grant 
originally  made  to  the  St.  Paul  and  Pacific  Company  in  Minnesota. 
Its  securities  were  marketable  because  they  had  value  behind  them, 
and  from  the  further  fact  that  the  interests  of  the  road  were  in  the 
hands  of  a  man  who  always  had  made,  and  was  believed  to  be  always 
able  to  make,  his  word  good. 

In  1901,  the  Great  Northern  and  the  Northern  Pacific  Railways 
jointly  purchased  the  stock  of  the  Chicago,  Burlington  and   Quincy 
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Railroad  Company,  thus  giving  to  his  other  lines  access  to  the  enormous 
producing  and  consuming  territory  of  the  upper  Mississippi  Valley,  a 
territory  which  for  extent  and  variety  of  wealth-producing  area  proba- 
bly cannot  be  duplicated  in  the  world. 

Mr.  Hill  had  planned  to  place  all  the  properties,  in  which  his  stock- 
holders and  himself  were  interested,  in  a  position  to  be  secure  from 
future  speculative  attacks,  and  to  ensure  the  harmony  which  efficiency 
demands,  by  uniting  them  in  the  Northern  Securities  Company.  That 
company  was  dissolved  by  the  decision  of  a  divided  Court,  but  the 
management  of  the  separate  companies,  so  far,  has  remained  successful 
and  harmonious. 

Although  the  chief  activities  of  Mr.  Hill's  life  were  expended  in 
the  development  of  railways,  he  did  work  enough  along  other  lines  to 
have  more  than  sufficed  to  keep  an  ordinary  man  fully  occupied.  The 
keynote  of  such  work  was  his  desire  to  raise  the  average  level  of  pros- 
perity, of  intelligence,  and  of  public  spirit.  Undoubtedly,  the  great- 
est pleasure  he  took  in  his  work  was  in  the  efforts  he  made  and  the 
success  he  achieved  in  improving  agriculture  and  in  increasing  its 
profits.  He  led  the  farmer  away  from  the  one-crop  idea,  and  taught 
him  to  diversify  his  industry  by  stock  raising.  He  imported,  at  large 
personal  expense,  stock  of  the  most  profitable  strains,  and  distributed 
it,  after  practical  demonstration  on  his  own  large  experimental  farm, 
among  the  most  intelligent  farmers  of  the  Northwest,  most  of  whom 
he  knew  personally.  This  practice  he  continued  through  thirty  years, 
and  the  splendid  condition  of  the  live  stock  interest  of  that  section 
to-day  is  largely  the  result  of  his  labors. 

He  taught  soil  restoration  and  rotation  of  crops ;  set  up  a  laboratory 
for  soil  analysis,  and  established  demonstration  plots,  on  farms  along 
the  line  of  the  railway,  to  demonstrate  to  the  farmers,  by  object 
lessons,  what  startling  results  could  be  obtained  by  scientific  fertiliza- 
tion and  cultivation.  He  was  always  ready  to  talk  to  a  group  of 
farmers,  and  gave  no  small  part  of  his  life's  forces,  through  his  later 
years,  to  the  effort  to  persuade  them  to  better  methods. 

He  was  the  first  to  advocate  the  conservation  of  natural  resources 
on  a  large  scale.  The  memorable  address  which  he  delivered  in  1906 
created  a  profoiind  impression,  and  ran  through  many  editions  and 
languages.  He  made  heavy  demands  on  his  business  time  and  piiysical 
resources  to  comply  with  requests  to  address  bodies  of  representative 
men  assembled  to  discuss  economic  and  scientific  problems,  but  he 
regarded  this  as  a  form  of  public  service  which  it  was  his  duty  to 
perform. 

Irrigation,  waterways,  all  forms  of  internal  improvement,  banking 
and  other  forms  of  finance,  the  theory  of  credit,  and  the  virtue  of 
thrift,  every  aspect  of  railroad  operation,  regulation,  and  improvement, 
almost  every  practical  human  activity  received  his  study  and  profited 
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by  the  conclusion  of  his  wonderfully  analytic  and  almost  unerring 
mind.  Some  of  the  more  important  of  these  were  grouped  in  his 
volume  of  economical  and  sociological  discussions,  entitled  "Highways 
of  Progress",  published  in  1910.  It  is  amazing  to  observe,  in  that  col- 
lection, the  range  of  his  thought,  the  wealth  of  his  information,  and 
the  validity  of  his  conclusions. 

Among  the  larger  interests  of  his  later  years  was  the  acquisition 
of  the  two  banks  in  St.  Paul,  and  their  consolidation  under  the  name 
of  the  First  National,  to  which  was  joined  the  Northwestern  Trust 
Company,  and  all  placed  under  the  immediate  control  of  one  of  his 
sons.  This  great  financial  institution  is  intended  to  be,  not  merely  a 
clearing  house  for  the  enormous  financial  interests  of  the  properties 
in  which  he  was  concerned,  but  an  agency  for  liberating  the  Northwest 
from  outside  control,  and  for  increasing  and  stabilizing  its  prosperity. 
It  has  been  and  is  a  power  in  advancing  the  interests  of  the  farmers 
and  helping  them  to  surer  and  larger  returns.  Until  a  few  days  before 
his  death,  he  was  as  busy  as  he  had  been  for  years  before,  with  plans 
for  the  upbuilding  of  the  country  and  the  improvement  of  the  com- 
mon lot. 

He  was  a  patron  and  lover  of  the  arts.  His  collection  of  pictures  is 
known  at  home  and  abroad  by  its  excellence,  and  is  the  result  of  his 
judgment  in  selection.  He  was  a  connoisseur  of  precious  stones,  and 
his  investments  in  these  were  marked  by  his  usual  good  business  judg- 
ment. He  was  an  omnivorous  reader,  and,  being  possessed  of  a  remark- 
able memory,  had  accumulated  a  wealth  of  detailed  information  upon 
a  wide  range  of  subjects,  such  as  few  men  of  his  age,  or  any  age  or 
generation,  ever  possessed.  His  philanthropy  did  not  stop  with  words, 
for  he  was  extremely  generous,  in  a  practical,  material  way.  He  gave 
impartially  to  many  educational  institutions,  his  only  condition  being 
that  the  schools  that  received  his  aid  should  be  conducted  under  the 
auspices  of  some  religious  denomination. 

His  private  benefactions  were  constant  and  great;  they  were  made 
with  care  and  discrimination,  and  he  avoided  publicity  in  them  to  the 
last  degree. 

For  many  years,  during  the  earlier  part  of  his  career,  he  cannot  be 
said  to  have  attracted,  excepting  among  his  own  group  of  business 
associates  and  capitalists,  the  more  than  passing  notice  of  the  then 
leaders  of  thought  and  finance.  He  never  attempted  to  attract  such 
notice  by  spectacular  staging  of  any  of  his  enterprises.  His  sayings 
and  doings  were  rather  looked  upon  by  most  eastern  men  with  a  mild 
commiseration;  but,  as  his  system  of  railways  developed,  and  the  results 
of  his  so-called  theories  began  to  prove  their  value,  and  to  be  seen  in 
many  respects  to  be  the  very  basic  foundation  of  the  prosperity  of  the 
railways  of  the  country,  they  were  copied  by  other  systems,  and,  from 
train  haul  to  accounting,  the  Great  Northern  was  for  years  a  school 
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at  which  railway  men  were  glad  to  learn;  and  many  graduates  from 
that  school,  trained  by  practical  experience  in  its  methods,  can  be 
found  holding  high  positions  in  railway  service,  in  all  parts  of  the 
United  States.  During  the  last  decade  of  his  life,  there  was  no  one 
whose  voice,  in  general  economics  and  financial  matters,  was  listened 
to  with  more  respect  than  that  of  Mr.  Hill.  The  judgment  of  no  one 
man  in  this  country,  perhaps,  counted  for  so  much  in  determining 
American  financiers  to  take  up  the  first  loan  asked  by  the  Allies.  He 
thought  its  acceptance  essential  to  our  own  business  life  and  prosperity, 
and  that  his  reasons  were  sound  and  his  conclusions  well  taken,  is 
amply  proven  by  subsequent  developments. 

Though  his  plans  were  well  wrought  out,  and  the  results  he 
achieved  came  from  thorough  preparation,  he  could  strike  with  light- 
ning quickness  and  terrific  force,  whenever  occasion  demanded.  He 
was  plain  of  speech,  simple  and  sincere  of  thought,  but  a  giant  of  power 
when  roused  to  effort  by  obstacles  that  had  to  be  overcome,  and  he 
was — first,  last,  and  all  the  time — an  American.  The  men  on  his  rail- 
roads recognized  his  character  and  ability,  and  through  all  classes  and 
ranks  there  ran  a  spirit  of  cheerful  loyalty  that  could  only  have  been 
evoked  by  a  man  of  his  wonderful  personality.  Among  the  many  who 
were  privileged  to  know  him  intimately,  particvdarly  the  old-timers, 
who  had  been  with  him  in  the  long-gone-by  days  of  his  early  struggles, 
the  feeling  was  one  of  deep  and  sincere  affection,  and  everywhere,  over 
the  whole  nation  and  in  other  countries,  the  general  sentiment  of 
respect  and  sorrow  at  his  death,  as  a  personal  and  public  loss,  has  been 
deep  and  wide. 

It  is  a  safe  prediction  that  the  great  record  of  what  he  achieved 
will  insure  increased  recognition  as  time  goes  on.  Yale  University 
conferred  upon  him  the  degree  of  LL.D.  in  1910.  The  Hill  Professor- 
ship of  Transportation  was  established  at  Harvard  not  long  ago,  with 
an  endowment  contributed  by  seventy-four  friends  who  were  delighted 
to  do  him  this  honor. 

He  was  a  man  of  quiet  domestic  tastes,  and  his  serenest  hours  were 
those  spent  in  his  beautiful  home  at  St.  Paul,  where  his  friends  were 
always  welcome,  and  from  which  they  always  came  away  feeling  that 
they  had  been  privileged  to  share  in  the  happiness  of  an  ideal  American 
fireside.  Throughout  all  his  years,  he  demonstrated  in  his  own  life  that 
a  strict  adherence  to  moral  laws  was  a  true  attribute  of  greatness. 

Much  of  the  planning  of  his  construction  work  in  all  lines  was  done 
in  the  seclusion  of  his  home,  to  which  lie  habitually  drew  men  of  all 
classes  for  conference  and  instructions,  and  his  library  there  was  the 
workshop  in  which  was  produced  many  of  his  masterpieces. 

On  August  19th,  1867,  he  was  married  to  Miss  Mary  Theresa 
Mehegan,  of  St.  Paul,  and  his  widow,  three  sons,  and  six  daughters 
survive  him. 
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Volumes  of  anecdotes  could  be  written  to  illustrate  his  manner  of 
dealing  with  various  situations.  Through  them  all  runs  the  strong 
vein  of  humor  which  was  so  marked  a  feature  of  his  character.  Above 
all,  he  asked  for  independence  in  judgment  by  his  subordinates,  and 
no  surer  path  to  his  disfavor  could  be  found  than  to  endeavor  to  fore- 
stall his  opinion,  and  recommend  accordingly.  Though  he  was  a  man 
of  strong  convictions,  even  in  matters  of  minute  detail,  he  was  always 
open  to  argument,  and  ready  to  receive  and  weigh  suggestions,  and  to 
give  them  consideration.  Once  a  decision  was  made,  however,  he 
expected  speed  and  economy  in  the  prosecution  of  the  project  in  hand, 
and  was  content  with  nothing  less  than  the  best  results.  Take  him  all 
in  all,  to  one  who  understood  in  a  measure  the  salient  features  of  his 
individuality,  and  realized  the  broad  view-point  from  which  he  regarded 
every  subject,  he  was  an  eminently  satisfactory  man  to  be  associated 
with,  and  such  association  was  a  liberal  education. 

After  Mr.  Hill's  death,  hundreds  of  messages  of  sympathy  poured 
in  upon  the  family  from  all  parts  of  the  country,  from  lands  across 
the  sea,  from  people  of  the  greatest  diversity  of  condition.  It  was  a 
spontaneous  tribute  which  showed  in  what  esteem  he  was  held  by  high 
and  low  alike.  Corporations,  associations,  municipal  bodies,  cities, 
and  States,  united  to  regret  him  and  to  do  honor  to  his  memory.  It  is 
impossible  to  reproduce  here  any  considerable  portion  of  these  tributes ; 
but  an  extract,  as  of  date  June  3d,  1916,  from  the  minutes  of  the  Board 
of  Directors  of  the  Great  Northern  Railway  Company,  the  creation  of 
which  was  his  greatest  life  work,  shows  to  what  degree  he  was  appre- 
ciated by  his  close  associates : 

"Resolved,  That  in  the  death  of  James  J.  Hill,  the  Great  Northern 
Railway  Company  laments  the  loss  of  the  man  who  brought  it  into 
being,  who  made  it  an  instrument  for  the  development  of  this  country, 
who  led  it  with  unerring  wisdom,  who  foresaw  and  safeguarded  its 
future,  and  to  whom  it  owes  all  that  it  has  been  and  all  it  hopes  to  be." 

James  Jerome  Hill  was  elected  a  Fellow  of  the  American  Society  of 
Civil  Engineers  on  January  10th,  1889. 
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MINUTES   OF   MEETINGS 
OF  THE  SOCIETY 


February  21st,  1917. — The  meeting  was  called  to  order  at  8.30  P.  M.; 
President  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  126  members  and  9  guests. 

A  paper  by  William  M.  Hall,  M.  Am.  See.  C.  E.,  entitled  "The 
Water  Supply  of  Parkersburg,  W.  Va.",  was  presented  by  the  Secretary, 
who  also  read  a  communication  on  the  subject  from  John  W.  Hill, 
M.  Am.  Soc.  C.  E. 

The  paper  was  discussed  orally  by  Messrs.  George  W.  Fuller, 
Nicholas  S.  Hill,  Jr.,  Alexander  Potter,  James  H.  Fuertes,  W.  E. 
Spear,  and  T.  Kennard  Thomson. 

The  Secretary  announced  the  following  deaths : 

Lyman  Edgar  Cooley,  of  Chicago,  111.,  elected  Member,  June  1st, 
1898 ;  died  February  3d,  1917. 

Howard  Arnoi-d  Greene,  of  Pittsburgh,  Pa.,  elected  Associate  Mem- 
ber, June  5th,  1895;  died  February  2d,  1917. 

Lora  Walter  Miller,  of  Chicago,  111.,  elected  Associate  Member, 
November  28th,  1916 ;  died  January  27th,  1917. 

Adjourned. 
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March  7th,  1917. — Tlie  meeting  was  called  to  order  at  8.30  p.  M. ; 
President  Pegram  in  the  chair;  Chas.  Warren  Hunt.  Secretary;  and 
present,  also,  208  members  and  23  guests. 

The  minutes  of  the  Annual  Meeting,  January  17th,  and  of  the 
meeting  of  February  7th,  1917,  were  approved  as  printed  in  Proceedings 
for  February,  1917. 

Thomas  C.  Desmond,  Assoc.  M.  Am.  Soc.  C.  E.,  oflfered  the  fol- 
lowing resolution: 

"It  is  the  sense  of  this  meeting,  that,  after  exhausting  the  resources 
of  diplomacy  in  an  eifort  to  avert  war,  the  President  has  now  taken 
a  course  consistent  with  national  self-respect. 

"War  with  Germany  will  not  ensue  unless  The  Imperial  German 
Government  knowingly  violates  well  settled  principles  of  international 
law  and  violates  them  with  intent  definitely  hostile  to  the  United 
States.  In  that  event  war  will  inevitably  follow,  not  by  our  own  act, 
but  through  the  deliberate  aggression  of  another  nation. 

"If  any  honest  doubt  exists  respecting  the  cause  of  war  in  Europe, 
the  awful  responsibility  for  extending  it  to  this  hemisphere  will  rest 
upon  Germany  and  upon  Germany  alone. 

"It  may  be  that  the  Imperial  German  Government  is  misinformed 
respecting  the  temper  of  the  people  of  the  United  States,  iust  as  that 
Government  is  supposed  to  have  misconceived  the  sentiment  of  the 
British  Empire  at  the  outbreak  of  the  European  War.  If  so,  and 
before  fatal  action  based  on  so  grave  a  mistake  is  taken,  Germany 
should  be  made  aware  of  the  essential  unity  of  our  people  and  of 
their  loyal  determination  to  make  all  sacrifices  necessary  ^^  protect  our 
liberty  and  to  maintain  our  honor.  To  this  end  we  call  upon  all 
bodies  similar  to  ours  throughout  the  country  and  upon  all  groups 
of  citizens  organized  for  whatever  purpose,  to  meet  without  delay 
and  express  themselves  with  no  uncertain  voice  respecting  the  course 
that  they  will  be  prepared  to  follow. 

"We  urge  all  such  groups  of  citizens,  secular  and  religious,  large 
and  small,  societies,  clubs,  and  institutions  of  every  sort,  to  xanite  with 
us  in  giving  immediate  public  expression  to  such  convictions  as  those 
which  we  now  solemnly  record: 

"First: — That  the  act  of  the  Executive  in  severing  diplomatic 
relations  with  Germany  is  one  to  be  approved  and  commended  by  all 
who  have  the  best  interests  of  the  United  States  at  heart. 

"Second: — That  the  German  declaration  of  January  31st,  1917, 
represents  an  unjustified  and  unjustifiable  attempt  to  destroy  the 
freedom  of  the  sea  and  to  abridge  the  commercial  liberty  guaranteed 
to  us  by  established  law  and  custom ;  and  that  if  the  Government  of 
the  United  States  were  to  acquiesce  therein  such  action  would  be 
resented  by  all  good  citizens  as  in  the  highest  degree  pusillanimous  and 
as  altogether  inconsistent  with  the  spirit  and  traditions  of  a  free  people. 

"Third: — That  the  President  will  be  justified  in  recommending  to 
Congress  the  most  extreme  measures  that  may  be  deemed  necessary 
to  protect  life,  liberty,  and  property;  and  that  it  is  our  duty  and  that 
of  all  loyal  citizens  to  tender  immediately  to  the  Government  all 
the  service  of  which  we  severally  and  collectively  are  capable. 
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"Fourth: — That  while  all  should  stand  ready  to  volunteer  if  volun- 
tary service  is  called  for,  yet  Congress,  in  providing  for  our  common 
safety,  should  not  adopt  emergency  measures  merely,  but  should 
definitely  recognize  the  principle  that  the  duty  of  defending  the  nation 
rests  equally  upon  all  citizens  capable  of  service.  To  the  end,  there- 
fore, that  the  burden  of  safeguarding  the  country  should  no  longer  be 
cast  exclusively  upon  the  loyal  National  Guard  and  upon  other  patriotic 
military  and  naval  volunteers.  Congress  should  be  urged  to  exercise 
its  Constitutional  power  'to  raise  and  support  armies'  by  establishing 
immediately  a  permanent  and  democratic  system  of  defence  based 
upon  universal  service  and  training  under  direct  and  exclusive  Federal 
control. 

•'A  copy  of  this  minute  is  ordered  to  be  transmitted  to  the  Presi- 
dent of  the  United  States,  to  the  Secretary  uf  War  and  other  members 
of  the  Cabinet,  and  to  the  members  of  both  Congressional  Committees 
on  Military  Affairs." 

On  motion,  duly  seconded,  the  resolution  was  carried  unanimously. 

A  paper  by  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E.,  entitled 
''Unusual  Coffer-Dam  for  1  000-Foot  Pier,  New  York  City,"  was  pre- 
sented by  the  author  and  illustrated  with  lantern  slides  and  moving- 
pictures. 

The  paper  was  discussed  by  Messrs.  C.  A.  Wentworth,  Thomas  H. 
Wiggin,  T.  Kennard  Thomson,  Charles  S.  Boardman,  and  F.  E.  Cud- 
worth,  Messrs.  Boardman  and  Cudworth  illustrating  their  remarks 
with  lantern  slides. 

The  Sec/etary  announced  the  following  deaths : 

John  Ferris  Alden,  of  Rochester,  N.  Y.,  elected  Member,  July  6th, 
1887;  died  February  27th,  1917. 

William  Oswald  Henderer,  of  Cleveland,  Ohio,  elected  Member, 
April  3d,  1901 ;  died  February  8th,  1917. 

Walter  Katte,  of  New  York  City,  elected  Member,  October  7th, 
1868 ;  died  March  4th,  1917. 

Eugene  Castner  Lewis,  of  Nashville,  Tenn.,  elected  Member, 
March  5th,  1873 ;  died  February  13th,  1917. 

Alexander  William  MacCallum,  of  Philadelphia,  Pa.,  elected 
Member,  September  2d,  1914;  died  February  3d,  1917. 

Ernest  Leslie  Ransome,  of  Plainfield,  N.  J.,  elected  Associate,  June 
5th,  1894;  died  March  5th,  1917. 

Adjourned. 
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ANNOUNCEMENTS 
The  House  of  the  Society   is  open  from  9  A.  M.  to   10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

April  4th,  1 91 7.— 8.30  P.  M.— A  meeting  will  be  held  on  this 
evening,  as  usual,  and  announcement  of  the  subject  and  the  speaker 
will  be  made  later. 

April  i8th,  1917. — 8.30  P.  M. — At  this  meeting  two  papers  will 
be  presented  for  discussion,  as  follows:  "Multiple-Arch  Dams  on  Hush 
Creek,  California",  by  L.  R.  Jorgensen,  M.  Am.  Soc.  C.  E. ;  and 
'"Cement  Joints  for  Cast-Iron  Water  Mains",  by  Clark  H.  Shaw, 
Assoc.  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

SEARCHES   IN   THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 
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Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers,  and 
become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  w^ere  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  29  West  39th  Street, 
New  York  City. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter-suitable for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS   OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY  OF  CIVIL   ENGINEERS 

San  Francisco  Association,  Organized  1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  m.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
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October,  and  December,  tbe  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  sfuest. 

Colorado  Association,  Organized  1908. 

Thomas  W.  Jaycox,  President;  L.  E.  Hinman,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

AVeekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

January  13th,  1917. — The  meeting  was  called  to  order  at  the 
Denver  Athletic  Club;  President  Jaycox  in  the  chair;  L.  R.  Hinman, 
Secretary;  and  present,  also,  22  members  and  8  guests. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  resignations  of  Messrs.  P.  M.  Fogg  and  R.  E.  Richardson  were 
presented,  and,  on  motion,  duly  seconded,  were  accepted  with  regret. 

Invitations  to  the  Annual  Meetings  of  the  Denver  Section, 
American  Institute  of  Mining  Engineers  and  the  Rocky  Mountain 
Coal  Mining  Institute,  were  read  by  the  Secretary. 

The  appointment  of  Technical  Committees  of  the  Association,  in 
accordance  with  the  circular  issued  by  the  Executive  Committee,  was 
mentioned  by  President  Jaycox. 

An  address  on  "The  Design  of  Highway  Bridges"  was  delivered 
by  Professor  M.  S.  Ketchum,  who  illustrated  his  remarks  with  lantern 
slides.  The  subject  was  discussed  briefly  and  on  motion,  duly  seconded, 
a  vote  of  thanks  was  tendered  Professor  Ketchura. 

The  President  announced  the  appointment  of  Messrs.  E.  F. 
Vincent,  R.  F.  Walter,  and  A.  E.  Palen,  as  members  of  the  Entertain- 
ment Committee  for  the  February  meeting. 

Adjourned. 

Atlanta  Association,  Organized  1912. 

Paul  H.  Norcross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 
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Baltimore  Association,  Organized  1914. 

H.  D.  Bush,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  I9i4. 

"W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
Hickox  Building,  Cleveland,  Ohio. 

(Abstract  of  Minutes  of  Meeting) 

February  loth,  1917. — The  meeting  was  called  to  order;  President 
Watson  in  the  chair;  George  H.  Tinker,  Secretary;  and  present,  also, 
23  members. 

The  Secretary  read  a  letter  from  Mr.  Charles  Warren  Hunt,  Secre- 
tary of  the  Society,  relative  to  the  appointment  of  a  committee  of 
the  Board  of  Direction  to  consider  the  relations  of  Local  Associations 
to  other  organizations.  On  motion,  duly  seconded,  the  President 
appointed  Messrs.  A.  J.  Himes  and  Willard  Beahan  a  Committee  to 
consider  this  matter  and  report  recommendations. 

Mr.  W.  P.  Rice  described  the  proposed  Cleveland  City  Planning 
Federation.  On  motion,  duly  seconded,  it  was  decided  to  join  the 
Federation  and  the  Executive  Committee  appointed,  as  Delegates, 
Messrs.  E.  B.  Thomas,  Chairman,  James  Eitchie,  A.  F.  Blaser,  M.  J. 
Watson,  and  G.  H.  Tinker. 

On  motion,  duly  seconded,  President  Watson  appointed  Mr.  K.  H. 
Osborn  as  a  Committee  to  prepare  resolutions  on  the  death  of  Mr. 
W.  O.  Henderer. 

Mr.  B.  R.  Leffler,  Chairman  of  the  Committee  on  Legislation, 
reported  concerning  the  Architects'  Law  enacted  in  Michigan. 

On  motion,  duly  seconded,  the  Committee  was  ordered  to  com- 
municate with  other  Local  Associations  of  the  Society  in  an  effort 
to  secure  unity  of  action. 

Adjourned. 

Detroit  Association,  Organized  1916. 

T.  A.  Leisen,  President;  Secretary,  Clarence  W.  Hubbell,  2334 
Dime  Bank  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

A.  P.  Davis,  President;  John  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

(Abstract  of  Minutes  of  Meeting) 

December  22d,  1916.— The  Annual  Meeting  was  called  to  order 
at  the  Cosmos  Club,  at  8.15  p.  M.;  President  A,  P.  Davis  in  the  chair; 
John  C.  Hoyt,  Secretary;  and  present,  also,  21  members. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  report  of  the  Secretary-Treasurer  was  read  and  approved. 
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The  following  officers  were  elected  for  the  ensuing  year:  President, 
A.  P.  Davis;  Vice-President,  D.  C.  Carll;  and  Secretary-Treasurer, 
John  C.  Hoyt. 

Adjourned. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President;  E.  IST.  Layfield,  Secretary-Treasurer, 
4251  Yincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but. 
this  information  will  be  furnished  on  application  to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

December  nth,  1916. — The  meeting  was  called  to  order  at  2.15 
p.  M.;  President  Onward  Bates  in  the  chair;  E.  N.  Layfield,  Secretary; 
and  present,  also,  23  members. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  Secretary-Treasurer  presented  his  report.  This  shows  a 
balance  in  bank  at  the  end  of  November  of  $77.72,  the  total  receipts 
to  that  date  having  been  $190.00,  and  the  total  expenditures  $112.28. 
The  report  was  ordered  placed  on  file. 

Messrs.  James  IST.  Hatch  and  L.  K.  Sherman  were  appointed  a 
committee  to  audit  the  accounts  of  the  Secretary-Treasurer. 

It  was  ordered  that  the  Executive  Committee  be  directed  to  recom- 
mend a  proper  line  of  activities  for  the  Association. 

The  following  officers  were  elected  for  the  ensuing  year:  President, 
C.  F.  Loweth;  Vice-President,  A.  S.  Baldwin. 

It  was  ordered  that  the  matter  of  annual  dues  be  referred  to  the 
Executive  Committee. 

Adjourned. 

Louisiana  Association,  Organized  1914. 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President ;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  Nebr. 

Kegular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  rueetings,  at  which  visiting  members  will  be 
welcomed.  The  place  of  meeting  may  be  ascertained  by  communicating 
with  the  Secretary. 
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Northwestern  Association,  Organized  1914. 

George  L.  Wilson,  President;  Kalph  D.  Thomas,  Secretary,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized   1913. 

Samuel  T.  Wagner,  President ;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  oi  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

J.  P.  Newell,  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

J.  A.  Ockerson,  President ;  Gurdon  G.  Black,  Secretary-Treasurer, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fi:xed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

February  15th,  1917.— The  meeting  was  called  to  order  at  the 
American  Annex  Hotel;  President  John  A.  Ockerson  in  the  chair; 
Gurdon  G.  Black,  Secretary;  and  present,  also,  25  members. 

The  report  of  the  Committee  on  the  Revision  of  the  Constitution 
of  the  Society,  was  received  and  adopted,  and  the  Secretary  was 
instructed  to  communicate  with  other  Associations  advising  them 
of  such  action. 

Mr.  William  S.  Dawley  addressed  the  meeting  on  "Something 
About  China",  telling  of  his  experiences  during  his  four  years'  service 
with  the  Government  of  the  Province  of  Yunnan. 

Adjourned. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  E..  Comly,  Secretary-Treasurer,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

Joseph  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  M.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

(Abstract  of  Minutes  of  Meeting) 

February  26th,  1917. — The  meeting  was  called  to  order  at  the 
Arctic  Club,  at  12.15  p.  m.;  President  Jacobs  in  the  chair;  Carl  H. 
Reeves,  Secretary;  and  present,  also,  21  members  and  guests. 

The  minutes  of  the  Annual  Meeting  of  January  29th,  1917,  were 
read  and  approved. 
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The  amendment  to  Article  III  of  the  By-laws,  making  the  annual 
dues  $3,  instead  of  $2,  was  read  and  adopted. 

The  resignation  of  Mr.  M.  O.  Sylhaasen  as  a  member  of  the  Asso- 
ciation, on  account  of  removal  from  the  city,  was  presented  and 
accepted. 

The  appointment  of  Standing  Committees  on  Entertainment  of 
Visitors  (Mr.  F.  F.  Sinks,  Chairman),  on  Bearing  Value  of  Soils  (Mr. 
A.  Miinster,  Chairman),  and  on  Legislation  (Mr.  Henry  L.  Gray,  Chair- 
man), was  announced  by  President  Jacobs. 

A  letter  from  the  St.  Louis  Association  relating  to  certain  changes 
in  the  Constitution  of  the  Society  covering  representation  on  the  Board 
of  Direction,  was  read  by  the  Secretary.  On  motion,  duly  seconded, 
the  Committee  on  Relations  with  the  Parent  Society  was  continued 
for  the  year,  and  the  letter  from  the  St.  Louis  Association  was 
referred  to  that  Committee  for  report  at  the  next  meeting  of  the 
Association. 

The  President  reported  for  the  Executive  Board  relative  to  time 
and  place  of  meetings.  On  motion,  duly  seconded,  it  was  decided  to 
take  a  referendum  ballot  as  to  the  preference  of  members  in  the  matter 
of  meetings. 

The  Secretary  read  a  letter  from  Mr.  Charles  Warren  Hunt,  Sec- 
retary of  the  Society,  relative  to  a  Committee  of  the  Society  to  con- 
sider matters  between  Local  Associations  and  the  Society.  President 
Jacobs  stated  that  the  subject  was  already  in  the  hands  of  the  Com- 
mittee on  Relations  with  the  Parent  Society.  The  letter,  together 
with  other  matters,  was  then  generally  discussed,  particularly  the 
question  of  the  remission  of  a  certain  portion  of  the  dues  of  members 
paid  to  the  Society  for  the  support  of  the  Local  Associations.  On 
motion,  duly  seconded,  the  President  was  requested  to  transmit  to 
the  Society  the  views  of  the  Association  on  the  remission  of  dues,  etc. 

A  circular  letter  from  Mr.  Charles  Warren  Hunt,  Secretary  of  the 
Society,  to  Mr.  R.  H.  Thomson,  Member  of  the  Board  of  Direction 
from  this  District,  was  presented  by  Mr.  Thomson  who  asked  the  Asso- 
ciation to  assist  him  in  formulating  a  reply.  The  letter  was  referred 
to  the  Committee  on  Relations  with  the  Parent  Society. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

H.  Hawgood,  President;  Wilkie  Woodard,  Secretary,  435  Con- 
solidated Realty  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 
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Spokane  Association,  Organized  1914. 

J.  C.  Ralston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  reg-ular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hovir  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
ai)iilication  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minvites  of  Meeting) 

February  9th,  1917. — The  meeting  was  called  to  order  at  the 
University  Club;  President  J.  C.  Ralston  in  the  chair;  B.  J.  Garnett, 
Secretary;  and  present,  also,  10  members. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint  a 
committee,  not  to  exceed  five  members,  to  investigate  the  advisability 
of  a  permanent  committee  on  social  benefit  among  members. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint 
a  committee  of  five  to  investigate  the  cause  of  failure  of  the  Post 
Street  Bridge  in  Spokane. 

Mr.  Chester  N.  Reitze  addressed  the  meeting  briefly,  his  subject 
being  "Concrete  Pavements." 

Adjourned. 

Texas  Association,  Organized  1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

E.  C.  La  Hue,  President;  H.  S.  Kleinschmidt,  Secretary-Treasurer, 
300  Dooly  Building,  Salt  Lake  City,  Utah. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Materials  for  Road  Construction 

February  22d,  1917.— The  meeting  was  called  to  order  at  the 
House  of  the  Society.  Present,  George  W.  Tillson  (Chairman  pro 
iem),  A.  W.  Dean,  Nelson  P.  Lewis,  and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  November  4th,  1916,  were  approved. 

The  Secretary  presented  a  communication  from  the  Executive 
Committee  of  the  Joint  Committee  on  "Classification  of  Technical 
Literature"  of  the  United  Engineering  Society,  requesting  that  the 
Committee  review  and  report  on  the  proposed  classification  of  subjects 
under  the  general  heading  Highway  Engineering.  The  classification 
was  discussed  at  length,  and  the  Secretary  was  instructed  to  forward 
the  report  of  the  Committee  to  the  Secretary  of  the  Joint  Committee 
on  "Classification  of  Technical  Literature". 

A  tentative  plan  covering  the  work  of  the  Committee  during  1917, 
in  connection  with  the  preparation  of  the  Final  Report  to  be  sub- 
mitted to  the  Society  in  January,  1918,  was  discussed. 

On  motion,  the  Committee  adjourned  to  meet  during  April,  1917, 
at  the  call  of  the  Chairman. 
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PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Eooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

Architekten=Verein  zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 
Germany. 

Associagao  dos   Engenheiros  Civis    Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 
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Engineers'    Society    of    Pennsylvania,    31    South    Front    Street, 

Harrisburg,  Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing', Pittsburgh,  Pa. 
Institute   of  Marine   Engineers,   The  Minories,  Tower  Hill,   Lon- 

d<)n,  E.,  England. 
Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 

S.  W.,  London,  England. 
Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 

Buenos  Aires,  Argentine  Republic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 

and  St.  Ann  Streets,  New  Orleans,  La. 
Memphis  Engineers'  Club,  Memphis,  Tenn. 
Midland   Institute   of  Mining,   Civil   and   Mechanical    Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Mont. 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-upon-Tyne,  England. 
Oesterreichischer    Ingenieur=    und    Architekten=Verein,    Eschen- 

bachgasse  9,  Vienna,  Austria. 
Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 
Pacific   Northwest   Society  of   Engineers,   312   Central  Building, 

Seattle,  Wash. 
Rochester  Engineering  Society,  Rochester,  N.  Y. 
Sachsischer    Ingenieur=   und    Architekten=Verein,    Dresden,    Ger- 
^  many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 

France. 
Society    of    Engineers,    17   Victoria    Street,   Westminster,    S.   W., 

London,  England. 
Svenska    Teknologforeningen,    Brunkebergstorg    18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Vermont    Society    of    Engineers,    George    A.    Reed,    Secretary, 

Montpelier,  Vt. 
Western    Society    of    Engineers,    1737    Monadnock    Block,    Chi- 
cago, 111. 
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ACCESSIONS    TO    THE    LIBRARY 

(From  February  7th  to  March  6th,  1917) 

DONATIONS* 
THE  DESIGN  OF  RAILWAY  LOCATION  : 

A  Study  of  the  Physical  and  Economic  Conditions  that  Control 
the  Location  of  Railways  in  Order  that  their  Operation  may  be  at 
Maximum  Safety  and  Efficiency.  By  Clement  C.  Williams,  Assoc.  M. 
Am.  Soc.  C.  E.  Cloth,  9i  x  6  in.,  illus.,  7  +  517  pp.  New  York,  John 
Wiley  &  Sons,  Inc. ;  London,  Chapman  &  Hall,  Limited,  1917.     $3.50. 

The  basic  idea  in  the  preparation  of  this  book,  it  is  stated,  has  been  to  explain 
and  develop  the  underlying  principles  which  affect  the  location  of  a  railway  rather  than 
to  describe  current  practice.  It  is  said  that  the  fundamental  conception  of  the  subject  is 
that  railway  location  is  essentially  a  problem  of  rational  design  to  be  based  on  certain 
physical  and  economical  principles  and  that  in  this  volume  the  author  has  endeavored 
to  explain  how,  with  given  traffic  and  operating  conditions,  a  transportation  plant 
may  be  designed,  which  would  handle  the  traffic  most  safely  and  economically.  Con- 
siderable space  is  devoted,  it  is  said,  to  the  elementary  principles  of  railway  economics, 
in  order  that  the  reader  may  comprehend  the  relation  of  fixed  charges  to  location,  on 
which,  it  is  said,  economy  of  transportation  depends  as  much  as  on  operating  expenses. 
The  book  is  intended  as  a  textbook  for  technical  schools,  but  the  author  hopes  that 
the  subject-matter  may  be  of  value  also  to  those  engaged  in  practical  railroad  work. 
The  Contents  are  :  Introduction  ;  Part  A,  Railway  Economics  and  Organization  :  Rail- 
way Organization  ;  Government  Control  of  Railways  ;  Valuation  of  Railways  ;  Volume 
of  Traffic  ;  Operating  Expenses ;  Railway  Rates  and  Revenues.  Part  B,  Operating 
Conditions  Affecting  Location  :  Performance  of  Steam  Locomotives  ;  Electric  Traction  ; 
Rolling  Stock  as  Affecting  Roadway ;  Train  Resistance  ;  Train  Operation ;  Ruling 
Gradient ;  Momentum  and  Minor  Grades  ;  Use  of  Assistant  Engines  and  Adjustment  of 
Grades  for  Unbalanced  Traffic ;  Distance ;  Mechanical  and  Economical  Effects  of 
Curvature.  Part  C,  Special  Problems  in  Railway  Location  :  Line  Changes  and  Grade 
Reduction ;  Elimination  of  Grade  Crossings  ;  Additional  Main  Tracks ;  Location  of 
Electric  Interurban  Railways.  Part  D,  Practical  Location  Surveys  :  Reconnaissance ; 
The  Preliminary  Survey  ;  The  Location  Survey  ;  Construction  Surveys  ;  Railroad  Con- 
struction Estimates  ;  Appendix  A,  Specifications  for  the  Formation  of  the  Roadway ; 
Index. 

A  TREATISE  ON  CONCRETE,  PLAIN  AND  REINFORCED: 

Materials,  Construction,  and  Design  of  Concrete  and  Reinforced 
Concrete,  with  Chapters  by  R.  Feret,  William  B.  Fuller,  Frank  P. 
McKibben,  and  Spencer  B.  Newberry.  By  Frederick  W.  Taylor  and 
Sanford  E.  Thompson,  M.  Am.  Soc.  C.  E.  Third  Edition.  Cloth, 
9i  X  6i  in.,  illus.,  20  +  885  pp.  New  York,  John  Wiley  &  Sons,  Inc.; 
London,  Chapman  &  Hall,  Limited,  1916.  (Donated  by  Sanford  E. 
Thompson,  M.  Am.  Soc.  C.  E.) 

As  in  previous  editions,  the  authors'  aim  has  been,  it  is  stated,  to  give  to  the  con- 
struction engineer,  the  architect,  and  the  contractor,  data  for  design  and  for  building, 
and  to  the  student  a  comprehensive  and  practical  text  and  reference  book.  Owing  to 
developments  in  reinforced  concrete  as  a  result  of  tests  and  experience,  the  entire 
volume  has  been  revised  and  largely  rewritten  for  this  edition,  particularly  that  por- 
tion relating  to  design  and  construction,  and  many  new  illustrations,  drawings,  and 
other  details  have  been  added.  The  Contents  are  :  Essential  Elements  in  Concrete  Con- 
struction ;  Elementary  Outline  of  the  Process  of  Concreting ;  Specifications  for  Rein- 
forced Concrete ;  Classification  of  Cements  ;  Chemistry  of  Hydraulic  Cements,  by 
Spencer  B.  Newberry  ;  Specifications  and  Tests  of  Cements  ;  Tests  of  Aggregates  ;  Voids 
and  Other  Characteristics  of  Concrete  Aggregates  ;  Strength  and  Composition  of 
Cement  Mortars  ;  Proportioning  Concrete,  by  William  B.  Fuller  ;  Tables  of  Quantities  of 
Materials  for  Concrete  and  Mortar  ;  Preparation  of  Materials  for  Concrete  ;  Mixing 
Concrete  ;  Depositing  Concrete  ;  Effect  of  Sea  Water  Upon  Concrete  and  Mortar,  by 
R.  Feret ;  Laying  Concrete  and  Mortar  in  Freezing  Weather  ;  Destructive  Agencies  ; 
Water-Tightness  ;  Strength  of  Plain  Concrete  :  Theory  of  Reinforced  Concrete ;  Tests 
of  Reinforced  Concrete  ;  Reinforced  Concrete  Design  ;  Building  Construction  ;  Founda- 
tions and  Piers  ;  Beam  Bridges  ;  Arches,  by  Frank  P.  McKibben  ;  Dams  and  Retaining 

♦Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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Walls  ;  Conduits  and  Tunnels  ;  Reservoirs  and  Tanks  ;  Concrete  Pavements  and  Side- 
walks ;  Cement  Manufacture  ;  Miscellaneous  Structures  :  References  to  Concrete  Litera- 
ture ;  Appendix  I,  Method  of  Combining  Mechanical  Analysis  Curves  ;  Index. 

A  MANUAL  OF  FIELD  ASTRONOMY. 

By  Andrew  H.  Holt,  Jun.  Am.  Soc.  C.  E.  Cloth,  6^  x  4^  in.,  illus., 
10  +  128  pp.  New  York,  John  Wiley  &  Sons,  Inc. ;  London,  Chapman 
&  Hall,  Limited,  1917.    $1.25. 

The  author,  the  preface  states,  has  endeavored  to  supply  in  this  book,  a  text 
which  is  sufficiently  concise  to  fit  the  short  time  usually  allowed  for  work  on  field 
astronomy  in  a  civil  engineering  course  and  which  will  aid  the  student,  as  well  as  the 
practical  engineer  and  surveyor,  to  make  the  observations  and  the  accompanying  com- 
putations required  in  practice.  The  discussion  of  fundamentals  is,  therefore,  brief, 
but  special  attention  has  been  given,  it  is  stated,  to  the  question  of  the  measurement 
of  time  and  to  the  selection  of  methods  for  the  determination  of  latitude,  azimuth,  time, 
and  longitude,  in  order  to  obtain  the  best  results  when  used  with  field  instruments  under 
ordinary  field  conditions.  The  procedure  for  each  observation  is  outlined  step  by  step 
and  the  outline  is  supplemented  by  a  copy  of  the  field  notes  and  computations  of  a 
similar  observation.  The  Contents  are :  Introductory  ;  Systems  of  Co-Ordinates  and 
the  Astronomical  Triangle ;  Measurement  of  Time  ;  The  American  Ephemeris  and 
Nautical  Almanac  ;  Problems  in  Conversion  of  Time ;  Observations — Corrections  to 
Observations  ;  Observations  for  Latitude  ;  Observations  for  Azimuth  ;  Observations  for 
Time  ;  Observations  for  Longitude  ;  Summary  of  Observations  ;  Appendix  A,  Spherical 
Trigonometry  ;  Appendix  B,  Solar  Attachment  for  Transit ;  Tables  ;  Greek  Alphabet ; 
Examples  of  Field-Notes  and  Computations  ;  Index. 

THE  "MECHANICAL  WORLD"  POCKET  DIARV  AND  YEAR  BOOK  FOR  1917: 

A  Collection  of  Useful  Engineering  Notes,  Rules,  Tables  and  Data. 
Cloth,  6i  X  4  in.,  illus.,  453  pp.  Manchester,  England,  Emmott  & 
Company,  Limited;  Baltimore,  Md.,  The  Norman,  Remington  Co., 
1917.     35  cents.     (Donated  by  The  Norman,  Remington  Company.) 

In  this,  the  thirtieth  annual  issue  of  the  "Pocket  Diary",  many  new  illustrations 
have  been  added  and  the  text  Itself  has  been  thoroughly  revised.  The  section  on 
steam  and  the  Steam  Engine,  for  example,  has  been  re-written,  new  tables  giving  the 
dimensions  of  piston  rings,  governors,  etc.,  have  been  added,  and  notes  on  lubrication 
and  anti-friction  bearings  are  included.  A  new  section  on  the  Heat  Treatment  of 
Steel  has  also  been  added,  including  notes  on  annealing,  hardening,  tempering,  etc. 
A  partial  list  of  Contents  is  :  Steam  and  The  Steam  Engine  ;  Steam  Turbines  ;  Steam 
Boilers  ;  Gas  Engines  ;  Oil  Engines  ;  Diesel  Engines  ;  Suction  Gas  Producers  ;  Structural 
Iron  and  Steel  Work  ;  Toothed  Gearing  ;  Indexing  on  the  Universal  Milling  Machine  ; 
Notes  on  Grinding  ;  Verniers  and  Micrometers  ;  Ball  Bearings  ;  etc.,  etc. 

Gifts  have  also  been  received  from  the  following: 

Am.  Inst,  of  Elec.  Engrs.     1  bound  vol.  Inst,  of  Civ.  Engrs.     2  vol. 

Am.  Soc.  of  Mech.  Engrs.     1  bound  vol.  Inst,  of  Gas  Engrs.     1  bound  vol. 

Australia-Inter-State  Comm.     1  pam.  Iowa    State   Coll.   of  Agriculture   and    the 

Baker,  Ira  O.     1  pam.  Mech.  Arts.     3  pam. 

Boston,    Mass.-Superv.   of   Administration.  Lancashire  &  Yorkshire  Ry.  Co.     1  pam. 

1  pam.  Manchester  Assoc,  of  Engrs.     1  bound  vol. 

Breithut,  Frederick  E.     1  pam.  Master  Car  Builders'  Assoc.     2  bound  vol. 

Cambridge  Univ.  &  Town  Waterworks  Co.  Metropolitan  Ry.  Co.     1  pam. 

1  pam.  Michigan  Gas  Assoc.     1  vol. 

Chicago    Bureau   of    Public   Efficiency.      1  Midland  Ry.  Co.     1  pam. 

pam.  Montana-State  Forester.     1  pam. 

Colorado,  Univ.  of.  1  pam.  National  Assoc,  of  Cotton  Mfrs.  1  bound 
Copper  Range  Co.     1  pam.  vol. 

Great  Eastern  Ry.  Co.  1  pam.  National  Board  of  Fire  Underwriters.  35 
Great  Northern  Ry.  Co.     1  pam.  pam. 

Hawaii-Commrs.       of       Agriculture       and  New  York  City-Dept.  of  Health.     1  bound 

Forestry.      1   pam.  vol. 

Hawaii-Territorial    Board    of    Health.       1  New    York    City-Dept.    of    Water    Supply, 

pam.  Gas,    and   Electricity.      1    bound   vol., 

Hering  &  Gregory.     2  bound  vol.,  3  pam.  2  pam. 

Hull  &  Barnslev  Ry.  Co.     1  pam.  New  York-State  Museum.     1  pam. 

Illinois-Insurance  Dept.      1  vol.  Oregon-State  Board  of  Forestry.      1   pam. 

Illinois-State    Public    Utilities    Comm.      1  Oregon-State  Board  of  Health.     1  pam. 

pam.  Panama  R.  R.  Co.     2  pam. 
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Pennsylvania-Public    Service    Comm.      14 

pam. 
Pennsylvania  R.  R.  Co.     1  pam. 
Philadelphia    Chamber    of    Commerce.      1 

bound  vol. 
Philippine  Islands-Bureau  of  Forestry.     1 

vol. 
Presidents'  Conference  Committee.     1  pam. 
San   Francisco   Assoc,  of  Members   of   the 

Am.  Soc.  of  Civ.  Engrs.     6  pam. 
Shaw,  Arthur  M.     1  pam. 
Smithsonian  Institution.     1  vol.,  1  pam. 
Taff  Vale  Ry.  Co.     1  pam. 
Tasmania-Dept.  of  Public  Works.     1  pam. 
Trinity  Portland  Cement  Co.     29  pam. 


XT.  S. -Bureau  of  Mines.     4  pam. 

V.  S. -Coast  and  Geodetic  Survey.     1  pam. 

U.  S.-Dept.  of  Agriculture.     4  pam. 

U.  S.-Dept.  of  Commerce.     1  pam. 

IT.  S.-Engr.  Office,  Detroit,  Mich.     3  specif. 

U.  S.-Engr.  Office,  New  London,  Conn.  1 
pam. 

U.  S. -Naval  Observatory.     1  pam. 

U.  S.-Navy  Dept.     2  pam. 

r.  S. -Office  of  Markets  and  Rural  Organi- 
zation.    2  pam. 

U.  S.-War  Dept.     1  specif. 

Washington  Univ.     1  vol. 

West  Virginia-Geological  Survey.  1  bound 
vol.,  maps. 
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MEMBERSHIP 

(From  February  9th  to  March  8th,  1917) 

ADDITIONS 

MEMBERS  Date  of 

Membership. 

Bright,    JosErn    Shirley.     C'lif.    Enpji".,    San   ) 

^  J-         /-       +       XT-   1  n  f    Assoc.  M.     May     28,  1912 

Bernardino     County     Highway     Comm.,   [    ^      ^  j  > 

1025   E   St.,  San  Bernardino,  Cal )   ^^-  '^^"-     ^^'   ^^^^ 

Rhodes,    Hakry    Willet.     U.    S.    Lighthouse    Insp.,    18th 

Dist.,  424  Custom  House,  San  Francisco,  Cal Jan.     15,  1917 

Stanton,   Charles  Beecher.     Asst.   Prof.,  Railroad   Eng., 

Carnegie    Inst,    of    Technology,    Box    111,    Carnegie 

Tech.,  Pittsburgh,  Pa Jan.     15,   1917 

Sterling,    Guy.     Cons.    Engr.,    625    Newhouse    Bldg.,    Salt 

Lake  City,  Utah Jan.     15,  1917 

associate  members 

Benson,  Robert  Crewdson.     Res.  Engr.,  State  ~^ 

Rivers  and  Water  Supply  Comm.,  Wer-   ■    Jun.  April     2,  1913 

ribee    Dists.,    Werribee,    Victoria,    Aus-   [    Assoc.  M.     Nov.     28,   1916 

tralia     J 

Day,    Charles    Ivan.     Gen.    Mgr.,    Southern   Utilities   Co., 

Jacksonville,  Fla Nov.     28,  1916 

Dunn,    Beverly    Charles.     U.    S.    Engr.    Office,    Custom 

House  Bldg.,   New  Orleans,   La Jan.     15,  1917 

Havens,  \Yilliam  Westerfield.     Asst.  Engr..  >> 

General    Chemical    Co.,    25     Broad     St.   !    Jun.  Dec.       6,  1910 

(Res.,  2231   Grand  Boulevard  and   Con-  f  Assoc.  M.     Jan.     15,  1917 

course) ,  New  York  City J 

HoPKiNSON,    George   Martin.     Engr.,    W.    L.    Stoddart,    9 

East  40th  St.,  New  York  City Sept.    12,   1916 

Jacob,    Elmer  Acred.     Res.   Engr.,    Sevier   River   Land   & 

Water  Co.,  Lynndyl,  Utah Oct.      10,   1916 

Kilkenny,  Tobias  Dillon.     900  Virginia  Ave.,  "^  Jun.  Oct.       6,  1908 

Vallejo,  Cal J   Assoc.  M.     Oct.      10,  1916 

King,  Royce  Daniel,     Engr.,  Gulf  States  Steel  Co.,  Hotel 

Printup,  Gadsden,  Ala Nov.     28,  1916 

Leavitt,  Thomas  Silvester.     County  Highway  Engr.,  Polk 

County,  Bolivar,  Mo Jan.     15,   1917 

Patterson,   Charles   Scott.     Div.   Engr.,    M..  )  ^  /->  j.  ««  imr. 

„„  .   ^  ^^^         ^,r  Jun.  Oct,  29,  1912 

K.   &   T.   Ry.   of   Texas,    P.   0.    Box   21,  I  .  ,^  ^  i^  laiT 

„..  ,  .,       ^  „       r^  C  Assoc.  M.  Jan.  15,  1917 

Wichita    Falls,    Tex ) 

Penick,  Dixon  Brown.  Technical  Asst.,  State  of  Texas  Re- 
clamation Dept.,  Capitol  Station,  Austin,  Tex Jan.     15,   1917 

Peters,  Albert  Ayer.     Asst.  Div.  Engr.,  Div.  V,  California 

Highway  Comm.,  736  Buchon  St.,  San  Luis  Obispo,  Cal.     Jan.     15,   1917 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 
PosKE,  Haeey  Christian.     Structural  Engr.,  Am.  Smelting 

&RefiningCo.,Mex.Dept.,  512  Mesa  Ave.,  El  Paso,  Tex.  Jan.  15,1917 
Slack,  Searcy  Bradfield.     Adjunct  Prof,  of  Civ.  Eng.,  and 

Field  Engr.,  Univ.  of  Georgia,  Athens,  Ga Nov.  28,  1916 

Spekry,  Austin  Russell  Willaed.     Supt.,  Na-  )    Jun.  Dec.  6,  1910 

tomas  Water  Co.,  Folsom,  Cal C  Assoc.  M.  Jan.  15,   1917 

Tandrow,  Walter  Stephen.     Asst.  Engr.,  A.,  T.  &  S.  F. 

Ry.,  714  Wells  Fargo  Bldg.,  San  Francisco,  Cal Jan.  15,  1917 

WiCH,    Bernard.     Section    Engr.,    Public    Service    Comm., 

First  Dist.,  304  St.  John's  PI.,  Brooklyn,  X.  Y Jan.  15,  1917 

juniors 

BoTHUM,  George  Gilbert.  Asst.  Engr.,  Protection  Dept., 
Underwriters'  Laboratories,  207  East  Ohio  St.,  Chi- 
cago, 111 Jan,     15,   1917 

Collins,  Earl  Harry.     With  Michigan  Northern  Power  Co., 

Chandler's  Heights,  Sault  Ste.  Marie,  Mich Jan.     15,  1917 

Peck.  John  Sanford.     Care,  Portsmouth  Solvay  Coke  Co., 

626  Fourth  St.,  Portsmouth,  Ohio Nov.    28,  1916 

Ryland,  Reis  Joseph.  Draftsman  and  Asst.  in  Bacterio- 
logical Laboratory,  San  Jose  Water-Works,  374  West 
Santa  Clara  St.,  San  Jose,  Cal Jan.     15,  1917 


changes  of  address 

members 
Allan,   Percy.     Chf.   Engr.   for   National   and  Local   Governments,   Sydney, 

New  South  Wales,  Australia. 
Arey,  Ralph  Jesse.     Cons.  Engr.,  418  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 
Baldwin,  Ernest  Howard.     Senior  Engr.,  U.  S.  Reclamation  Service,  1218 

Mills  Bldg.,  El  Paso,  Tex. 
Blackman,  John  William  Bernard.     Lieut,  and  Adjutant,  Ry.  Constr.  Co., 

Canadian   Expeditionary   Force,   861    Eighth   Ave.,   New   Westminster, 

B.  C,  Canada. 
Bloom,  J.  George.     Supt.,  C,  R.  I.  &  G.  Ry.,  Amarillo,  Tex. 
Bouillon,  Alfred  Victor.     Care,  Shipyard,  Newport  News,  Va. 
Byers,  Alexander  Mosby  Clayton.     152  Majestic  Ave.,  San  Francisco,  Cal. 
Carpenter,    Rolla    Clinton.     Cons.    Engr.;    Prof,    of    Experimental    Eng., 

Cornell  Univ.,  Sibley  Coll.    (Res.,  125  Eddy  St.),  Ithaca,  N.  Y. 
Carroll,  Charles  Joseph.     Care,  Anderson,  Meyer  &  Co.,  Ltd.,  Shanghai, 

China. 
Collins,  Charles  Dickey.     In  Chg.  of  Design  and  Drafting  Dept.,  ^tna 

Explosives  Co.,  120  Broadway,  Room  3606,  New  York  City. 
Connor,  William  Durward.     Maj.,  Corps  of  Engrs.,  U.  S.  A.;  Dept.  Engr., 

Philippine    Dept.,    Commanding    1st    Battalion,    3d    Regiment    Engrs., 

Manila,  Philippine  Islands. 
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MEMBERS    {Continued) 

CoiiNS,  Harry  Cooper.  ((.'orns-Thomas  Eng.  &  Contr.  Co.,  Inc.);  First 
National  Bank  Bldg.,  Huntington,  W.  Va. 

Fisher,  Francis  Davis.  With  Degnon  Contr.  Co.,  68  Hunter's  Point  Ave., 
Long  Island  City,  N.  Y. 

Fulton,  James  Edward.  Civ.  and  Mech.  Engr.,  Australasia  Chambers, 
Wellington,  New  Zealand. 

Gales,  Sir  Robert  Richard.  Chf.  Engr.,  Ry.  Board,  Govt,  of  India  Ry. 
Dept.,  Simla,  India. 

GooDALE,  LooMis  Farrixgtox.  Asst.  to  Pres.,  Manila  R.  R.,  Manila,  Philip- 
pine Islands. 

Hlff,  Clyde  Leslie.     Lock  Box  232,  Jackson,  Mich. 

KwoNG,  King  Yang.     Nanchitze  East  City,  Pei-ching  Hutung,  Peking,  China. 

Leffingwell,  Frank  Dodge.     38  Spring  St.,  Montclair,  N.  J. 

Lester,  William  Junius.     Liberal,  Mo. 

McCoBMiCK,  Robert  Hugh.     29  Pingree  Ave.,  Detroit,  Mich. 

Manahan,  Elmer  Gove.  Designing  Engr.,  Board  of  Water  Supply,  Munic- 
ipal Bldg.,  New  York  City. 

Maxley,  Laurence  Bradford.  Div.  Engr.,  Dept.  of  City  Transit,  754  Bourse 
Bldg.,  Philadelphia,  Pa. 

Mears,  Frederick.     Member,  Alaskan  Eng.  Comm.,  Anchorage,  Alaska. 

MoNCRiEFF,  Alexander  Bain,  College  St.,  St.  Peters,  Adelaide,  South 
Australia. 

Moncrieff,  John  Mitchell.  Pilgrim  House,  Pilgrim  St.,  Newcastle-on-Tyne, 
England. 

Murphy,  Daniel  William.  Drainage  Engr.,  U.  S.  Reclamation  Service, 
Tramway  Bldg.,  Denver,  Colo. 

Phillips,  Hiram.     Cons.  Engr.,  801  International  Life  Bldg.,  St.  Louis,  Mo. 

Poland,  William  Babcock.  Director,  The  Comm.  for  Relief  in  Belgium, 
3  London  Wall  Bldgs.,  London,  E.  C,  England. 

Pratt,  Arthur  Henry.  Asst.  Engr.,  Bureau  of  Sewers,  Borough  of  Man- 
hattan, Room  2100,  Municipal  Bldg.,  New  York  City  (Res.,  24  Summit 
Ave.,  White  Plains,  N.  Y.). 

RouBKE,  Louis  Keegan.  Care,  Chile  Exploration  Co.,  120  Broadway,  New 
York  City. 

Rousseau,  Habby  Harwood.  Rear-Admiral,  U.  S.  N.;  Member,  Comm.  on 
Navy  Yards  and  Naval  Stations,  Navy  Dept.,  Washington,  D.  C. 

Shepard,  Henry  Hudson.  Supt.,  Morris  &  Essex  Div.,  D.,  L.  &  W.  R.  R., 
Hoboken,  N.  J. 

Siiipman,  Eugene  Hicks.  Chf.  Engr.,  in  Chg.  of  Eng.  Constr.  and  Valua- 
tion, L.  &  N.  E.  R.  R.,  South  Bethlehem  (Res.,  15  South  8th  Ave., 
Bethlehem),  Pa. 

Southworth,  Edward  Augustus.  Cons.  Engr.,  Pacific  Syndicate,  Ltd.,  703 
Vancouver  Blk.,  Vancouver,  B.  C,  Canada. 

Taylor,  \^'illiam  Thomas.  Capt.,  R.  F.  C,  89  Muswell  Ave..  Muswell  Hill, 
London,  N.,  England. 
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MEMBERS    ( Continued ) 
TiDD,  Arthur  Warren.     Asst.  Engr.,  Board  of  Estimate  and  Apportionment, 

Room  1347,  Municipal  Bldg.,  New  York  City   (Res.,  10  Oakwood  Ave., 

White  Plains,  N.  Y.). 
Vance,  William  Herbert.     Chf.  Engr.,  La.  &  Ark.  Ry.,  Stamps,  Ark. 
Whitney,  Thomas  Bryant.     Milford,  Pa. 
WiLLARD,  Norman  Rand.     280  Broadway,  Arlington,  Mass. 
Williams,  Cyril,  Jr.     Civ.  and  Hydr.   Engr.,  309   Grant  Bldg.,  San   Fran- 
cisco, Cal. 
Wood,    Henry    Beecher.     With    Comm.    of   Waterways    and    Public    Lands, 

Room  473,  State  House;  Boston,  Mass. 
Wrentmore,  Clarence  George.     Manila,  Philippine  Islands. 
Young,  Alexander  Ririe.     3636  Virginia  Ave.,  Kansas  City,  Mo. 
ZiNN,   George   Arthur.     Col.,    Corps   of   Engrs.,   U.    S.    A.,    2d    Engrs.,    El 

Paso,  Tex. 

associate  members 
Agramonte,  Albert  Arthur.     Constr.  Engr.,  C.  H.  Walker  &  Co..  Nuevo 

Puerto  de  la  Capital,  Simbron  3191,  Buenos  Aires,  Argentine  Republic. 
Ayres,    John    Henry.     Acting    Dist.    Engr.,    Laguna    Province    Bureau    of 

Public  Works,   Los  Banos,   Laguna,   Philippine  Islands. 
Barnes,  Walter  Esmond.     Pres.,  Consolidated  Eng.  Co.,  335  West  28th  PI., 

Chicago,  111. 
Benham,  Charles,  Jr.     Asst.  Engr.,  Rochester  Ry.  &  Light  Co.,  101  Vassar 

St.,  Rochester,  N.  Y. 
BiLYEU,  Charles  Smith.     With  Gulick-Henderson  Co.,   13  Park  Row,  New 

York  City. 
Bland,    Miles    Carlisle.     Engr.,    Erecting   Dept.,    Bethlehem    Steel    Bridge 

Corporation,  Steelton   (Res.,  921  North  2d  St.,  Harrisburg),  Pa. 
BOUDINOT,  Allen  Roy.     Agt.,  Connecticut  Mutual  Life  Insurance  Co.,   1929 

Rock  Island  St.,  Davenport,  Iowa. 
Bryson,  Carlyle  Hugo.     Care,  James  Kennedy,  Lindsay,  Cal. 
Burgoyne,  John  Henry.     Hacienda  Huarucaca,  La  Fundicion,  Peru. 
Caldwell,  Fred  Edward.     30  Church  St.,  New  York  City    (Res.,  Newton, 

N.  J.). 
Carey,  Edward  Gilman.     Res.  Engr.,  Edward  DeV.  Tompkins,  Inc.,  31  Har- 
lem Ave.,  Bridgeport,  Conn. 
Carpenter,  J.  C.     Care,  Office  of  Public  Roads  and  Rural  Eng.,  Berkeley,  Cal. 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST 

(February  2d  to  March  1st,  1917) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 
(2)   Proceedings,  Engrs.   Club  of  Phila.,     (32)   Memoires     et     Compte     Rendu     des 


Philadelphia,   Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel- 

phia, Pa.,  50c. 

(4)  Journal,    Western    Soc.    of    Engrs., 

Chicago,   111.,   50c. 

(5)  Transactions,      Can.      Soc.      C.      E., 
Montreal,   Que.,   Canada. 


Travaux,  Soc.  Ing.  Civ.  de  France, 
Paris,    France. 

(33)  Le  Genie  Civil,  Paris,  France,  1  fr. 

(34)  Portefeuille    Economiques    des    Ma- 

chines,  Paris,   France. 

(35)  Nouvelles   Annates   de   la   Construc- 
tion, Paris,   France. 


(7)    Gesundhcits      Ingenieur,      Miinchen,     (36)    Cornell  Civil  Engineer,  Ithaca,  N.  Y. 


Germany. 


(37)    Revue  de  Mecanique,  Paris,  France. 


(8)  Stevens     Institute     Indicator,     Ho-  (38)    Revue       Generate    des    Cheniins    de 

bolten,  N.  J.,  50c.  Per     et     des     Tramxoays,     Paris, 

(9)  Industrial    Management,    New    York  France. 

City,  25c.          "  (39)    Teclinisches    Gemeindeblatt ,    Berlin, 

(11)  En£rineerin(7  (London),  W.  H.  Wiley,  Germany,   0,    70m. 

432  Fourth  Ave.,  New  York  City,  (40)    Zentralblatt      der      Bauverwaltung, 

25c.  Berlin,   Germany,   60  pfg. 

(12)  The      Engineer      (London),      Inter-  (41)    Electrotechnische     Zeitschrift,     Ber- 
national     News     Co.,     New     York  Hn,   Germany. 
City,  35c.                                       _  (42)    Proceedings,  Am.  Inst.  Elec.  Engrs., 


(13)  Engineering  News,  New  York  City, 

15c. 

(14)  Engineering      Record,      New      York 

City,  15c. 

(15)  Railway    Age     Gazette,     New    York 
City,   15c. 


New  York  City,   $1. 

(43)  Annates    des    Pants    et    Chaussees, 

Paris,  France. 

(44)  Journal,    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,  50c. 


(16)  Engineering    and    Mining    Journal,  (45)    Coal  Age,  New  York  City,  10c. 

New  York  City,  15c.  (46)    Scientific  American,  New  Y'ork  City, 

(17)  Electric      Railway      Journal,      New  15c. 

York  City,  10c.  (47)    Mechanical     Engineer,     Manchester, 

(18)  Railway  Review,   Chicago,   111.,   15c.  England,   3d. 

(19)  Scientific  American  Supplement, 'Nev/  (48)    Zeitschrift,     Vereln    Deutscher     In- 

York  City,  10c.  genieure,       Berlin,    Germany,       1, 

(20)  Iron  Age,  New  York  City,  20c.  60m. 

(21)  Railway     Engineer,     London,     Eng-  (49)    Zeitschrift     filr    Bauwesen,     Berlin, 

land,  Is.  2d.  Germany. 

(22)  Iron  and  Coal  Trades  Review,  Lon-  (50)    Stahl    und    Eisen,    Dusseldorf,    Ger- 

don,  England,  6d.  many. 

(23)  Raihoay   Gazette,  London,    England,  (51)    Deutsche    Bauzeitung,    Berlin,    Ger- 

6d.  many. 

(24)  American  Gas  Engineering  Journal,  (52)    Rigasche     Industrie- Zeituna,     Riga, 

New   York   City,    10c.  Russia,  25  kop. 

(25)  Rnilivny   Meehamcal  Engineer,   New  ^53^    zeitschrift,      Oesterreichischer      In- 
,-,^^    ^,^'i''^  9'*^^^      •  ■        T       J           T-.  genieur    und    Architekten    Verein, 

(26)  Electrical     Review,     London,     Eng-  Vienna,  Austria,  70h. 

(27)  EleTtM'world,    New    York    City.  (^4)    Transactions,   Am.'  Soc.'  C.   E..    New 
10c. 


York  City,  $12. 


(28)  JoMrnaJ,  New  England  Water-Works  (55)    Transactions,  Am.   Soc.   M.   E.,    New 

Assoc,    Boston,    Mass.,    $1.  ^^^^        York  City,   $10. 

(29)  Journal,     Royal     Society  '  of     Arts,  (56)    rrfinsrtcft07is    Am.  Inst.  Mm.  Engrs.. 

London,  England,  6d.  New  York  City,  $6. 

(30)  Annates     des     Travaux     Publics     de  (57)    Colliery     Guardian,     London.     Eng- 

Bclgique,  Brussels,  Belgium,  4  fr.  land,   5d. 

(31)  Amiaies   de   I'Assoc.   des   Ing.   Sortis  (58)    Proceedings,    Engrs.'    Soc.    W.    Pa., 

des     Ecoles     Speciales     de     Gand,  2511     Oliver     Bldg.,     Pittsburgh, 

Brussels,  Belgium,  4  fr.  Pa.,   50c. 
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(60 
(61 

(62 
(63 

(64 

(65 

(66 
(67 
(68 

(69 

(71 

(71, 

(72 

(73 
(74 

(75 

(76 
(77 

(78 

(79 
(80 

(81 

(83 
(84 
(85 

(86 

(87 
(88 

(89 


Proceedings,  American  Water- 
Works  Assoc,  Troy,  N.  Y. 

Municipal  Engineering,  Indian- 
apolis, Ind.,  25c.     ~ 

Proceedings,  Western  Railway  Club, 
225  Dearborn  St.,  Chicago,  111., 
25c. 

American  Drop  Forger,  Thaw  Bldg., 
Pittsburgh,   Pa.,   iOc. 

Minutes  of  Proceedings,  Inst.  C.  E., 
London,    England. 

Power,  New  York  City,  5c. 

Official  Proceedinas,  New  York 
Railroad  Club,  Brooklyn,  N.  Y., 
15c. 

Journal  of  Gas  Lighting,  London, 
England,   6d. 

Cement  and  Engineering  News, 
Chicago,    111.,   25c. 

Mining  Journal,  London,  England, 
6d. 

Der   Eisenbau,    Leipzig,    Germany. 

Journal,   Iron   and   Steel   Inst.,   Lon- 
don,   England. 
)    Carnegie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

American  Machinist,  New  York 
City,   15c. 

Electrician,   London,    Englapd,    18c. 

Transactions,  Inst,  of  Min.  and 
Metal.,    London,    England. 

Proceedings,  Inst,  of  Mech.  Bngrs., 
London,   England. 

Brick,  Chicago,    111.,   20c. 

Journal.  Inst.  Elec.  Engrs.,  Lon- 
don, England,   5s. 

Beton  und  Eisen,  Vienna,  Austria, 
1,  50m. 

Forscherarbeiten,    Vienna,     Austria. 

Tonindustrie  Zeitung,  Berlin,  Ger- 
many. 

ZcitscJirift  fiir  Architelctur  und  In- 
genieurwesen,  Wiesbaden,  Ger- 
many. 

Gas  Age,  New  York   City,    15c. 

Le   Ciment,  Paris,   France. 

Proceedings,  Am.  Ry.  Eng.  Assoc, 
Chicago,    111. 

Enqineering-Contracting ,  Chicago, 
ill.,    10c 

Railway  Engineering  and  Mainte- 
nance of  Way,  Chicago,  111.,  10c. 

Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
gium. 

Proceedings,  Am.  Soc.  for  Testing 
Materials,  Philadelphia,  Pa.,  $5. 


(90)  Transactions,       Inst.       of       Naval 

Archts.,   London,   England. 

(91)  Transactions,    Soc.    Naval    Archts. 

and    Marine    Bngrs.,    New    York 
City. 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  rindustrie  Nationale,  Paris. 
France. 

(93)  Revue       de       M6tallurgie,       Paris, 

France,   4   fr.  50. 

(95)  International   Marine  Engineering, 

New  York  City,  20c. 

(96)  Canadian  Engineer,  Toronto.   Ont., 

Canada,   10c. 

(98)  Journal,    Engrs.    Soc.    Pa.,    Harris- 

burg,    Pa.,    30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 

Improvements,    New    York    City, 
$2. 

(100)  Professional     Memoirs,    Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.   C,    50c. 

(101)  Metal  Worker,  New  York  City,  10c. 

(102)  Organ     fiir     die    Fortschritte     des 

Eiscnhalinwesens,  Wiesbaden,  Ger- 
many. 

(103)  Mining   and   Scientific   Press,    San 

Francisco.    Cal.,    10c. 

(104)  The   Surveyor   and  Municipal   and 

County    Engineer,    London,    Eng- 
land,  6d. 

(105)  Metallurgical    and     Chemical    En- 

gineering,   New    York    City,    25c. 

(106)  Transactions,  Inst,  of  Min.  Engrs., 

London,    England,    6s. 

(107)  Schweizerische  Bauzeitung,  Ziirlch, 

Switzerland. 

(108)  Iron  Tradesman,  Atlanta,  Ga.,  10c. 

(109)  Journal,    Boston    Soc.    C.    E.,    Bos- 

ton, Mass.,  50c. 

(110)  Journal,  Am.  Concrete  Inst.,  Phil- 

adelphia, Pa.,  50c 

(111)  Journal  of  Electricity,  Power  and 

Gas,   San   Francisco,   Cal.,   25c. 
(Wl^   Internationale        Zeitschrift        fiir 
Wasser-Versorgung,  Leipzig,  Ger- 
many. 

(113)  Proceedings,  Am.  Wood  Preservers' 

Assoc,  Baltimore,  Md. 

(114)  Journal,    Institution    of    Municipal 

and    County    Engineers,     London, 
England,   Is.  6d. 

(115)  Journal,  Engrs.'  Club  of  St.  Louis, 

St.  Lous,  Mo.,   35c. 

(116)  Blast    Furnace     and    Steel     Plant. 

Pittsburgh,   Pa.,   15c. 


LIST  OF  ARTICLES 
Bridges. 

Reconstruction  of  Fourth  Ave.  Bridge  Over  Long  Island  Railroad  in  Brooklyn,  N.  Y.* 

James  B.  French.      (36)      Jan. 
Ferro-Concrete  Bridges  on  the  Meuse.*      (104)      Jan.  26. 
Pyrmont  Electric  Swing  Bridge.*      (12)      Jan.  26. 
Concrete  Finish  on  Some  Cleveland  Bridges.'''      (13)      Feb.  1. 

Concreting  Plants  for  Culverts  and  Bridges  on  the  Southern  Railway.'*     (13)     Feb.  1. 
Appearance  Governs   Design   of  Park   Avenue   Bridge,    Cincinnati.     J.    R.    Biedinger. 

(14)      Feb.  3. 
Old  Ohio  River  Bridge  at  Louisville — Nearly  Fifty  Years  in  Service*      (13)      Feb.  8. 
Concrete  Bridges  with  Through  Arches.'*      (13)      Feb.  15. 
Special    Forms    for    Jacketing    Wood    Piles    with    Concrete    (For    Bridges).'*      (13) 

Feb.   15. 
Restoration  of  Washed-Out  Bridges  on  the  Southern   Railway.*      (18)      Feb.   17. 

•  Illustrated. 
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Bridges- (Continued  ). 

Stiffened   Floor   Insures   Smooth   Pavement  on   Queensboro    Bridge.*      (14)      Feb.    17. 
Poughkeepsie  Bridge  Again  Being  Reinforced — New  Floor  System.*      (14)      Feb.   17. 
Fire  in  Flooring  of  McKinley  Bridge.      (13)      Feb.  22. 
Report   on    Collapse   of  Falsework  on    Spokane    Concrete   Bridge.*      John    C.    Ralston. 

(13)  Feb.  22. 

Steel  Viaduct  Replaced  by  Fill  Dumped  from  Second  Steel  Trestle.*      (13)      Feb.  22. 
Work  Started  on  New  Double-Deck  Bridge  in  Kansas  City.      (13)      Feb.  22. 
Proposes  to  Build  High-Level  Bridge  Over  Hudson,  Ten  Miles  South  of  Albany  :   New 
York    Central    Plans    Connecting    Railroad    and    Yard    to    Avoid    Albany    Dip.* 

(14)  Feb.  24. 

Waterproof  Box  Built  Around  Expansion  Rollers.      (14)      Feb.  24. 

Electrical. 

Colonial  Telegraphs  and  Telephones.*      R.  W.  Weightman.      (77)      Jan.^ 

Modern  Switch  and  Fuse  Gear  :  Its  Defects  and  Some  Suggested  Remedies.    Alexander 

McPhail.      (Paper   read   before   Assoc,    of   Mining   and    Electrical   Engrs.)       (22) 

Jan.  19. 
The   Parallel   Operation   of  Electric  Power  Stations.*      John   S.   Peck.      (77)      Jan. 
An  Electric  Furnace  for  Testing  Firebricks.*      B.  A.  Griffiths  and  Edgar  A.  Griffiths. 

(Paper  read  before  Faraday  Soc.)       (26)      Jan.  26. 
Arc  Furnaces  for  Steel-Making.*      (22)      Jan.  26. 

Illumination   as   a   Factor   in   Manufacturing  Costs.      (22)      Jan.   26. 
Analysis    of    Starting    Characteristics    of    Direct-Current    Motors.*      K.    L.    Hansen. 

(42)      Feb. 
Corona  and  Rectification  in  Hydrogen.*      J.  W.  Davis  and  C.  S.  Breese.      (42)      Feb. 
Economics  of  Power  Plants.*      Francis   R.  Weller.      (2)      Feb. 
Effect  of   Current  Limiting   Reactors   on   Turbo-Generator   Systems  Under   Conditions 

of  Short  Circuit.*      P.  B.  Juhmke.      (42)      Feb. 
Industrial   Controllers — With   Particular  Reference  to   the   Control   of  Direct-Current 

Shunt  Motors.*      H.  D.  James.      (42)      Feb. 
Internal  Temperatures  of  Alternating  Current  Generators.*      Ralph  Kelly.       (42)      Feb. 
The  Manufacture  of  Armature  Coils.      D.  W.  Perry.      (From  Electric  Journal.)       (2) 

Feb. 
Oscillating-Current    Circuits    by    the    Method    of    Generalized    Angular    Velocities.* 

V.  Bush.      (42)      Feb. 
Performance    of    Polyphase    Induction    Motors,    Under    Unbalanced    Secondary    Condi- 
tions.*     A.   A.   Gazda.      (42)      Feb. 
Principles   Involved    in   Computing   the   Depreciation   of   Plant.*      F.   Gill   and   W    W. 

Cook.      (77)      Feb. 
Protection    of    Transformer    Neutrals    Against    Destructive    Transient    Disturbances. 

Max  H.  Collbohm.      (42)      Feb. 
Reactors   in   Hydroelectric  Stations.*      J.   Allen   Johnson.      (42)      Feb. 
Transient    Conditions    in    Asynchronous    Induction    Machines    and    their    Relation    to 

Control  Problems.*      R.  E.  Hellmund.      (42)      Feb. 
Star-Delta  Method  of  Starting  Three  Phase  Motors.*      (Ill)      Feb.   1. 
Errors  of  Direct-Current  Ampere-Hour  Meter.?.*      G.  W.  S.      (26)      Feb.  2. 
High-Speed     Telegraphy.      (Prom     Report     of     Committee     to     Postmaster-General.) 

(26)      Feb.  2. 
The   Pirelli-General   Cable   Works.*      (26)      Feb.   2. 

Use  Surplus  Power  in  National  Preparedness.*      Frederick  Darlington.     (27)     Feb   3 
Fuse  Failures.*      S.  W.  Baynes.      (26)      Feb.  9. 

Iron-Wire  Line  Built  to  Serve  Small  Communities.*      M.  D.  Leslie.      (27)      Feb.  10. 
Characteristics  of  Uniflow  Engine  Generating  Units.*      E.  Hagenlocher.      (27)      Feb.  lo! 
Graphical    Presentation    of    Conductor    Properties.     Andres    Ham.      (27)      Feb.     10. 
Miscellaneous  Applications  of  Electric  Heat.      (83)      Feb.  15. 
Southern  Power  Company  Adds  40  000-H.  p.  Capacity  to  Its  System.*      (13)   Feb    15  • 

(141    Feb.   10.  ■        ' 

A   New    Electrical    Method    for    Testing   Water.      C.    A.    Eastwood    and    C     C     Brown 

(111)      Feb.    15. 
A  Permeameter  for  Magnetic-Mechanical  Testing.*      Frank  P.  Fahy.      (27)      Feb.  17. 
Insulation    of   High    Voltage    Transformers.*      Alfred    Still.      (27)      Serial    beginning 

Feb.  17. 
Lightning:  Investigations  of  Time  Interval  Between  Application  of  High  Voltage  and 

Failure    of    Insulation.*      F.    W.    Peek,    Jr.      (From    General    Electric    Revieio  ) 

(19)      Feb.    24. 
Der    Streukoefflzient    und    die    Berechnung    von    Drehstrommotoren.*      Karl    Metzler 

(41)      Dec.  28,  1916. 

Marine. 

The  United  States  Navy.      (From  Annual  Report  of  Secretary  of  United  States  Navv.) 

(12)      Jan.  19. 
Care    of    Marine    Boilers.      Edward    B.    Fraser.      (From    Marine    Engineei'ing.)      (2) 

Feb. 

*  Illustrated. 


March,  1917.]  CUKRENT  ENGINEERING   LITERATURE  225 

Marine— (Continued). 

Tlie  Development  of  Our  Fleet  and  Naval   Stations.*      W.  L.   Cathcart.      (Abridged.) 

(55)      Feb. 
American-nuilt  Submarine  for  Spain.*      (46)      Feb.  3. 
Standard   Specification   for  Cargo  Steamer  Engines.      (Paper  read   before  North-Ea.st 

Coast  Institution  of  Engrs.  and  Shipbuilders.)       (11)    Feb.  9;    (47)   Feb.   9. 
Aboard  the  Merchant  Submarine  Deutschland.      (46)      Feb.  10. 
Study  of  Wave  Motion;  With  a  View  to  Counteracting  the  Rolling  of  Ships.*      (19) 

Feb.  10. 
A   Collapsible  Life  Boat  That  Looks  Like  a  Doughnut    (Made  in   Germany).*      (46) 

Feb.  24. 
Large    Vessels    Built   of    Reinforced    Concrete    in    Norway ;    Resemble    Huge    Barges. 

(14)      Feb.  24. 
The  Unarmored  Battleship.*      Yates  Stirling,   .Jr.      (46)      Mar.   3. 
La  Croiseur  de  Bataille  ou  Cuirasse-Croiseur.*      (33)      Jan.  27. 

Mechanical. 

Supplies  of  Refractory  Materials  Available  in  the  South  Yorkshire  Coalfield.     W.  G. 

Fearnsides.      (106)      Vol.  52,  Pt.  2. 
The    Development   of   the   Manufacture   of    Steel    Castings.      Ernest    F.    Lange.      (22) 

Jan.   19. 
Eighteenth   Century  Colliery  Pumping  Engine.*      (12)      Jan.    19. 
Electroniobile   Experience.      R.   Borlase  Matthews.      (26)      Jan.    19. 
The    Erlth-Riley    Stoker.*      (26)      Jan.    19. 
The  "Mackinlay"  Gas  Burner.      (22)      Jan.  19. 
Organization   of   the   Coking  Industry.      L.   T.    O'Shea.      (Paper   read    before   Midland 

Branch  of  the  Coke  Oven  Managers'  Assoc.)       (57)      Jan.  19. 
The  Use  of  Coke  and  Coke  Breeze  for  Steam  Generation.      John  B.  C.  Kershaw.      (12) 

Jan.  19. 
U^e   of   Titanium    in   the    Manufacture    of    Steel    Castings.      W.    A.    Janssen.      (Paper 

read  before  Am.  Foundrymen's  Assoc.)       (22)      Jan.  19. 
Waste    Heat    froVn     Coke-Making.      Henry    Peile.      (Paper    read    before    Society    of 

Chemical    Industry.)       (57)      Jan.    19. 
Continuous   Mechanical   Drying  Machine.*      (11)      Jan.    26. 
Fuel  Briquettes.      F.  C.  A.  Lautsberry  and  J.  Drummond  Baton.      (Abstract  of  paper 

read  before  Manchester  Geological  and  Mining  Soc.)       (47)      Jan.   26. 
Gating  Non-Ferrous  Metal  Castings.*      Russell   R.  Clarke.      (Paper  read  before  Am. 

Foundrymen's  Assoc.)       (47)      Jan.  26. 
Lining  Bearings  with   Babbitt  Metal.      (From  Electric  Journal.)       (47)      Jan.   26. 
New  Blowing  Plant  at  the  Barrow  Hematite  Company's  Works*      (22)      Jan.  26. 
The    Rectification    of    Benzol.      W.    Newton    Drew.      (Abstract    of    paper    read    before 

Midland    Institute   of   Mining,    Civil    and    Mechanical    Engrs.)       (57)      Jan.    26; 

(22)      Jan.    26. 
The  Taylor  Underfeed  Stoker.      (12)      Jan.  26. 

Testing  Model  Aeroplanes.      (Prom  Report  of  the  American  National  Advisory  Com- 
mittee for  Aeronautics.)       (11)      Jan.  26. 
Electric  Truck  Handling  of  Heavy  Forging.*      (62)      Feb. 
Equipment  for  Handling  Heavy   Pressings.*      Charles  C.  Lynde.      (62)      Feb. 
Operating  Gas   Producers.      R.   H.   Ftrnald.      (From  United   States   Bureau   of  Mines, 

Bulletin    109.)       (62)       Feb. 
Report  of  Committee  on  Recommended  Practice  for  Standardization  of  Filters.      (Am. 

Soc.    M.    E.)       (55)      Feb. 
A  New  Wet  Process  Mill  for  the  Oregon  Portland  Cement  Co.*      D.  C.  Findlay.      (67) 

Feb. 
Need   for  High  Air  Pressures   in  Converters.*      W.   Trinks.      (116)      Feb. 
Automobile's    Influence    over    Alloy    Steels.      D.    N.    A.    Blacet.      (62)      Feb. 
Equipping  Plant  for  Heavy  Steel.*      Charles   C.  Lynde.      (116)      Feb. 
Mill    Design    for    Rolling   Flat-flanged    Beams.*      F.    Denk.      (116)      Feb. 
Drill-Sharpening    Methods    at   the    United   Verde    Mine,    Arizona.*      Frank    Richards. 

(13)      Feb.    1. 
Electric  Furnace  in  the  Brass  Foundry    (Lumen  Bearing  Company,  Buffalo,  N.  Y.).* 

(20)      Feb.  1. 
Plant  for  Pressing  and  Welding  Steel  (Knox  Pressed  &  Welded  Steel  Company,  Wheat- 
land.   Pa.).*       (20)      Feb.   1. 
Theory   of   Pressures   in   Fuel   Oil   and   Steam   Engineering   Practice.      Robert   Sibley. 

(Ill)      Serial  beginning  Feb.  1. 
Coal  Efficiency  in  the  Boiler  House.      T.  G.  Otley  and  Verney  Pickles.      (From  Journal 

of  South  African   Institution  of  Engrs.)       (12)      Serial  beginning  Feb.   2;    (26) 

Feb.  9. 
The    Coke    Industry    of   New   South   Wales.*      L.    F.    Harper    and    J.    C.    H.    Mingaye. 

(From  New  South  Wales  Mines  Department,  Mineral  Resources  No.  23.)      (57) 

Feb.  2. 
Fuel  Economy  and  the  Utilization  of  Coal.      William    A.   Bone.      (Abstract  of  paper 

read  before  South  Wales  Institute  of  En^rs.)       (47)      Feb.  2. 

*  Illustrated. 
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Mechanical— (Continued ). 

Mechanical  Tests  for  Cast  Iron.*      F.  J.  Cook.      (From  paper  read  before  Staffordshire 

Iron    and    Steel    Institute.)       (47)      Feb.    2;     (20)     Feb.    22;     (22)     Jan.    26. 
Russian    Motor  Car  Trials.*      (23)      Feb.  2. 
Screw  Thread  Measurement.*     Arthur  Brooker.      (Paper  read  before  Liverpool  Eng. 

Soc.)       (11)      Feb.  2. 
Steam    Plant   Economy.     Vernon    Smith.      (Abstract  of  paper   read   before    Stoke-on- 
Trent  Engrs.   and  Eng.   Students'   Assoc.)       (47)      Serial  beginning   Feb.    2. 
Steam    Turbines   for   Land    Purposes.      H.    L.   Guy.      (Paper    read    before    Manchester 

Assoc,  of  Engrs.)  (12)  Feb.  2;  (22)  Feb.  2;  (47)  Feb.  16;  (26)  Feb.  9. 
Electric  Welding  Apparatus,  Wilson  Welder  &  Metals  Company.*  (18)  Feb.  3. 
Industrial   Fuel   Business   that   is    Readily  Available   to  Any   Gas   Company.     Gilbert 

C.   Shadwell.      (24)      Feb.   3. 
Largest  Pit  in  the  World  Used  to  Submerge  Coal  for  Storage.*      (14)   Feb.  3;    (27) 

Feb.  10. 
Hauling  Stone  for  Macadam  Roads  by  Motor  Trucks  in   New  Jersey.      James  Logan. 

(13)      Feb.   8. 
A  New  Converter  Steel  Casting  Plant    (Otis  Steel  Company).*      (20)      Feb.   8. 
Steel  Frame  Derrick  of  Box-Plate  Section  for  Steel  Erection.*      (13)      Feb.  8. 
The  Failure  of  Brass.     P.  D.  Merica  and  R.  W.  Woodward.      (From  U.  S.  Bureau  of 

Standards,  Technologic  Paper  No.  82.)       (47)      Feb.  9. 
Another  Eighteenth  Century  Pumping  Engine.*      (12)      Feb.   9. 
Chemical  Aspects  of  Coke  Oven  Practice.      P.    Phillips   Bedson.      (Paper   read  before 

Coke    Oven   Managers'   Assoc.)       (57)      Feb.    9. 
Drying   Important  in    Industrial   Plants.      J.   O.   Ross.      (Paper  read   before  Am.   Soc. 

of  Heating  and  Ventilating  Engrs.)       (101)      Feb.  9. 
Floating  Pneumatic  Grain  Elevators.      (For  the  French  Government.)  *      (11)      Feb.  9. 
A    Rapid   Method  of  Flatting  Combined    Indicator   Diagrams.*      A.    R.    Munro.      (12) 

Feb.  9. 
Use   of   Peat   in   Gas-Producing   Plants.      E.    C.    C.    Baly.      (FVom   paper    read   before 

Liverpool  Section  of  Soc.  of  Chemical  Industry.)       (47)      Feb.   9. 
Formation   of   Clinkers   in   Boiler  Furnaces.      Albert  A.    Gary.      (27)      Feb.    10. 
New    Power    Plant    of    the    Susquehanna     Coal     Co.*      C.     H.     Beidenmiller.      (45) 

Feb.     10. 
Oil-Gas   Apparatus   at   New   Plant    at   Portland,    Oregon.*      Elmon   L.    Hall.      (Paper 

read  before  Am.   Gas  Institute.)       (24)      Feb.  10. 
Eighteen  Per  Cent,  of  All  Gas  Sold  in  Chicago  Used  for  Mantle  Lighting.      (Abstract 

of  report  to  United  States  Bureau  of  Standards.)       (24)      Feb.  10. 
Analyses   of   Gas   Corporation   Accounting.     Edward    P.    Leeds.      (83)      Serial   begin- 
ning  Feb.    15. 
Experience  in  Gas  Holder  Paints  and  Painting.     Frank  P.  Cheesman.      (83)      F'eb.  15. 
Experience  with  a  Sliding  Scale  Gas  Rate  Schedule.      Leon  H.  Ware.      (83)      Feb.  15. 
Lessons   from   the   Army   Motor    Trucks  of  the    Mexican   Border.     C.   F.    Harrington. 

(13)  Feb.   15. 

Modern  Gas  Works  of  the  Sandwich  Islands.*      J.  M.   Berkley.      (83)      Feb.  15. 
Offices   of  the   Public    Service   Gas   Company   of   New   Jersey ;    Terminal    Building   at 

Newark,   N.  J.*      (83)      Feb.   15. 
Purifier    Operation    Records    and    Tables    of    Oxide    Capacity.*      Grover    Bode.      (83) 

Feb.   15. 
Air  Drying.      Carl   Hering.      (105)      Feb.   15. 

Silica  Brick  and   Some  New   Uses  for  Them.     Walter  Gray.      (105)      Feb.    15. 
Chemistry    and   Examination    of   Lubricating   Oils.     Elliott   A.    Evans.      (Abstract   of 

paper    read    before   Diesel    Engine    Users'   Assoc.)       (47)      Feb.    16. 
Self-Propelled    Electric   Vehicles    and    their   Applications.      L.    Broekman.      (Abstract 

of  paper  read  before  Institution  of  Engrs.  and  Shipbuilders  of  Scotland.)       (47) 

Feb.   16  ;    (26)    Feb.  9. 
Worm  Gear  and  Worm  Gear  Mounting.      F.  W.  Lanchester.      (Abstract  of  paper  read 

before   Institution   of  Automobile   Engrs.)       (47)      Feb.    16. 
Gas-Fired  Soda  Kettles  Provide  Efficient  Means  of  Cleaning  Metal  Parts — Tank  Fur- 
naces   Have   Many   Uses.*      Gilbert    C.    Shadwell.      (24)      Feb.    17. 
Far    Easier    to    Protect    Lighting    Business    than    to    Regain    It.      J.    C.    D.    Clark. 

(Abstract    of    paper    read    before    New    England    Assoc,    of    Gas    Engrs.)      (24) 

Feb.     17. 
160  Cubic  Feet  of  580  B.  t.  u.  Gas  Per  Hour  Required  for  Oil  Tempering  Furnace 

for  Rifle  Bodies.*      William  J.   Harris,   Jr.      (24)      Feb.    17. 
Hand    Stoking   Soft-Coal    Boilers.*      (16)      Feb.    24. 
The  Spanish  Peak  Aerial  Tramway.*      J.  A.  Kitts.      (103)      Feb.  24. 
Tests  Made  to  Determine  Lateral  Resistance  of  Wire  Nails.*      Thomas  R.  C.  Wilson. 

(14)  Feb.  24. 

Unification    des    Filetages    sur    Tubes ;    Rapport    sur    I'Uniflcation    des    Filetages    des 

Instruments  d'Optique.      H.  Sebert.      (92)      Nov.,   1916. 
Nouvelle  Pompe  a  Vide  k  Vapeur  de  Mercure  Systeme  Langmuir.*      (.33)      Feb.  3. 

•  Illustrated. 
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Metallurg:lcal. 

Some  Causes  of  Colors  in  Furnace  Slag.*      Wallace   G.   Imhoff.      (116)      Feb. 
The  Greaves-Etchells  Electric  Furnace.*      (22)      Feb.  2. 

Treatment    of    Manganese-Silver    Ore.     Walter    Neal.      (Abstract    from    Journal    of 
Chemical,    Metallurgical    and    Mining    Soc.    of    South    Africa.)       (103)      Feb.    3. 
The  Bunker  Hill  Smelter.     Jules  Labarthe.      (103)      Feb.   3. 
Zinc-Box  Work.      H.   I.   Durant.      (16)      Feb.   10. 

The  Baghouse  of  the  St.  Joseph  Lead  Co.*      S.  Paul  Lindau.      (16)      Feb.  17. 
Ridge    Mechanical    Blende-Roasting    Furnace.     H.    M.    Ridge.      (16)      Feb.    17. 

Military. 

Accuracy    and    Probability    of    Fire    (From    Guns    and    Shells).*      George    Greenhill. 

(12)      Jan.    26. 
National    Industrial    Preparedness    Memorandum.      (From    Report    of    Councillors    of 

Canadian  Soc.  of  Civil  Engrs.)       (96)      Feb.  8. 
Midland   Railway  Ambulance   Trains.      (23)      Feb.   9. 

Modern  Ordnance  in   Relation  to  Preparedness.*      O.  B.  Mitcham.      (46)      Feb.   17. 
Le  Croiseur  de  Bataille  ou  Cuirasse-Croiseur.*      (33)      Jan.  27. 

Mining;. 

Some  Effects  of  the  Master  Folds  upon  the  Structure  of  the  Structure  of  the  Bristol 

and  Somerset  Coalfields.      Ernest  H.  Staples.      (106)      Vol.  52,  Pt.  2. 
The  "Summerlee"  Visual  Indicator   (For  Use  in  Mines).*      David  M.  Mowat.      (106) 

Vol.   52,  Pt.   2. 
Making    a    Shaft    Upwards.      George    Blake    Walker.      (Paper    read    before    Midland 

Institute  of  Mining,  Civil,  and  Mechanical  Engrs.)       (106)      Vol.  52,  Pt.  2. 
Shaft-Sinking   by   the    Freezing   Process.*      Frederick    Schmidt.      (Paper   read    before 

Manchester   Geological    and    Mining   Soc.)       (106)      Vol.    52,    Pt.    2. 
Some  Causes  of  Decay  of  Timbers  in  Coal  Mines.     J.  Mitchell.      (Paper  read  before 

Midland     Institute    of    Mining,     Civil,     and     Mechanical     Engrs.)       (106)      Vol. 

52,  Pt.  2. 
Oil    Versus    Electric    Safety    Lamps.      (Discussion    by    National    Assoc,    of    Colliery 

Managers,    Midland    Branch.)       (22)      Jan.    19. 
Coal-Cutting   and    Conveying   at   Pender   Colliery,    Fenton.      (22)      Jan.    19. 
Dry   Preparation    of    Bituminous    Coal    in    Illinois.*      E.    A.    Holbrook.      (From    Uni- 
versity of  Illinois  Bulletin.)      (57)      Serial  beginning  Jan.  19. 
The    Occurrence    of    Petroleum    in    England.     William    Forbes-Leslie.      (Abstract    of 

paper  read  before  Institution  of  Petroleum  Technologists.)       (22)      Jan.  19. 
Compressed    Air    for    Coal    Cutters.      Sam    Mavor.      (Discussion    before    Lancashire 

Branch   of    National    Assoc,    of   Colliery    Managers.)       (22)      Jan.    26. 
The  Size  of  Mine  Cars.      J.   Holden.      (Paper   read   before   Rocky   Mountains   Branch 

of   Canadian   Mining   Institute.)      |57)      Jan.   26. 
Petroleum  Engineering.      S.  L.  Galpin.      (From  loioa  Engineer.)      (86)      Jan.  31. 
Prevention  of  Waste  in  Oil  and  Gas  Fields.      J.  T.  Patterson.      (From  U.   S.   Bureau 

of  Mines  Technical  Paper  130.)       (108)      Feb. 
Operating  Conditions  in  the  San  Juan  Country,  Colorado.*      L.  Hall  Goodvfin.      (16) 

Feb.  3. 
Allegheny   River   Mining   Co.'s   Cadogan   Tipple.     H.    Reisser.      (45)      Feb.    3. 
The    Chilean    Nitrate    Industry.*      A.    W.    Allen.      (16)      Feb.    3. 
The  Symms   Method   of   Timbering.*      Wesley   S.    Harris.      (45)      Feb.    3. 
Temporary  Sinking  Layout  and  Design  of  Steel   Shaft  Lining  at  Lehigh,   Montana  * 

D.    J.    Jenkins.      (45)      Feb.    3. 
Breakdowns    of    Electric    Coal    Cutters.     Alexander    McPhail.      (Paper    read    before 

Assoc,  of  Mining  Electrical  Engrs.)       (47)      Feb.  9. 
Mine   Rescue   Apparatus    and    Training.      James    M.    Stuart.      (From    Canadian    Min- 
ing   Institute    Bulletin.)       (57)      Feb.    9. 
The  Use  of  Coal  Ash   in   Sand  Stowage.      C.   Toombs.      (From  Journal  of  the  Chem- 
ical, Metallurgical  and  Mining  Soc.  of  South  Africa.)       (57)      Feb.  9. 
Borehole   Troubles.*      P.    S.    Warriner.      (57)      Feb.    9. 
How    a    West    Virginia    Mine    Fire    was    Placed    Under    Control.*      C     H     Tarleton 

(45)      Feb.    10. 
Methods   of   Working   a   3-ft.    Bed   of    Coal    Pitching    10    to   20    Deg.      Samuel    Dean. 

(Paper   read    before    Rocky    Mountain    Coal    Mining   Institute.)       (45)      Feb.    10. 
Mining   Conditions   at   Potosi,    Bolivia.*      Benjamin    L.   Miller   and   Joseph    T     singe- 

wald.   Jr.      (16)      Feb.   10. 
Twenty-One    Years'    Mining    at    Yellow    Aster.*      Lewis    H.    Eddy.      (16)      Feb.    10. 
Gold  and  Silver  Mining  in  Chihli,  North  China.*      A.  S.  Wheler  and  S    Y    Li       (103) 

Feb.    10. 
Hidden    Creek    Mine    and    Smelting.*      Donald    G.    Campbell.      (16)      Feb.    10. 
Safe  and   Efficient   Mine  Ventilation.      D.   D.   Dodge,    Joseph   Smith  and   Henry   King. 

(Paper   read   before    Rocky   Mountain    Coal    Mining    Institute.)       (45)      Feb.    lY. 
Coal  Stripping  with  an  Electric  Shovel.*      Wilbur  G.   Burroughs.      (45)      Feb.   17. 

*  Illustrated. 
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Mining— (Continued). 

Co-operation,    Conservation   and    Competition    in    the   Coal    Industry.      E.    W.   Parker. 

(Paper  read  before  Am.  Mining  Congress.)       (45)      Feb.  17. 
Organization  as  it  Pertains  to  Mine  Management.      A.  B.  Kelley.      (45)      Feb.  17. 
Dry  Concentration  of  Gold   Ore.*      Leonard  Goodday.      (16)      Feb.   17. 
Drill-Sharpening  Methods  at  the  United  Verde,  Jerome,  Arizona.  (For  Use  in  Mining.)* 

Frank  Richards.      (16)      Feb.  17. 
Revival  of   the  Cerro  Gordo  Mines.*      Lewis  H.  Eddy.      (16)      Feb.   17. 
The  Wetherbee  Iron-Ore  Concentration  at  La  Rue  Mine.*      Stanley  A.  Mahon.      (16) 

Feb.  17. 
The   Rock-Sandberg  Flotation   Machine.*      George  C.   Westby.      (16)      Feb.   2-1. 
The   Cerro    De    Pasco    Mines,    Peru.*      (16)      Feb.    24. 
New   Developments   in   the   Porco   District,    Bolivia.*      Joseph   T.   Singewald,   Jr.,    and 

Benjamin  Le  Roy  Miller.      (16)      Feb.  24. 
Two  Eastwood-Dam  Installations   in  California.    (For  Use  in  Mine  Storage.)*      John 

S.  Eastwood.      (16)      Feb.  24. 
Fires    in   the   Oil   Fields.*      O.    R.   Geyer.      (19)      Feb.    24. 

Miscellaneous. 

Some   Considerations  Affecting  the  Use   of   Electricity   in   Agriculture.      (26)      Serial 

beginning   Jan.    19. 
Decimal    Weights,    Measures    and    Coinage.      Edward    C.    Barton.      (104)      Jan.    26. 
Industrial    Research.     A.    P.    M.    Fleming.      (Abstract   of    paper    read    before   Junior 

Institution    of   Engrs.)       (47)      Jan.    26. 
Illogical    Methods  of   Rating   Human    Qualities   in    Selecting   Men,    or   Accounting   for 

Relative    Success.      Halbert    P.    Gillette.      (86)      Jan.    31. 
How  to  Make  Your  Own  Log  Table.*      W.  F.  Schaphorst.      (86)      Jan.  31. 
Some  Principles  of  Logic  for  Engineers.      Halbert  P.   Gillette.      (86)      Serial   begin- 
ning   Jan.    31. 
The  Development  of  the  Ceramic  Industries  in  the  United  States.*      A.  V.  Bleininger. 

(3)      Feb. 
The  Organic  Nitrogen  Compounds  of  Soils  and  Fertilizers.      Elbert  C.  Lathrop.      (3) 

Feb. 
Spontaneous  Combustion  of  Cotton  Waste.*      James  Scott.      (21)      Feb. 
Independent   Laboratories    in    the    Engineering    Industries.      Clayton    H.    Sharp.      (3) 

Feb. 
How    Does    Industrial    Valuation    Differ   from    Public    Utility    Valuation?     John    H. 

Gray.      (55)      Feb. 
Proper    Business    Methods.      C.    F.    Butte.      (Paper    read    before    Electrical    Jobbers, 

Contractors,    and   Dealers'   Assoc,    of   San   Francisco.)       (Ill)      Feb.    1. 
The  German  State  Railway  Wagon  Union  :   Common  User  of  Half-a-Million  Wagons. 

(23)      Feb.    2. 
Importance   of   Pure   Research  to   Engineers.     W.    R.   Whitney.      (Abstract   of   paper 

read  at  Massachusetts  Institute  of  Technology.)       (27)      Fteb.  3. 
How    a    Commission    Works    (Public    Service    Commission    for    the    Second    District 

of  New  York.)       (17)      Feb.  3. 
Industrial     Preparedness     for     Peace :     Agricultural,    Conservation.      E.     E.     Miller. 

(46)      Feb.    3. 
Should  Not  Engineering  Teachers  Know  How  to  Teach?     A.  M.  Shaw.      (13)      Feb.  8. 
Human    Element    in    Shop    Management.      (From    Discussion    at    Conference   of    Eco- 
nomic   Psychology    Assoc.)       (20)      Feb.    8. 
A   Spontaneous  Mobilization   of   Industry  :    Offers   of  Assistance  to   the   United   States 

Government  by   Individuals   and   Companies   in   the   Event  of   a  National   Emer- 
gency.     (20)      Feb.    8. 
The  Future  of  British  Spas.      Robert  Fortescue  Fox.      (29)      Feb.  9. 
The  Need   for   Improved   Organization    in    Industry.      A.   W.   Kirkaldy.      (Paper   read 

before    Institution    of   Engrs.    and    Shipbuilders    in    Scotland.)       (47)      Feb.    9. 
Colleges  Should  Humanize  Courses  in  Engineering.      Nelson  P.  Lewis.     (14)     Feb.  10. 
Organized   Labor  and   Business   Must  Accept  Equal   Obligations.      Harry   A.  Wheeler. 

(Paper   read  before  Chamber   of  Commerce  of  the  U.   S.)       (14)      Feb.   10. 
Presidents  of  Four  of  the  National  Engineering  Societies    (American  Society  of  Civil 

Engineers,     American     Society     of     Mechanical     Engineers,     American     Railway 

Engineering   Association,    American    Institute    of    Electrical    Engineers).*      (13) 

Feb.   15. 
The    Effect    of    Centrifugal    Force    on    Colloidal    Solutions.     Eugene    E.    Ayres,    Jr. 

(Paper  read  before  Am.  Institute  of  Chemical  Engrs.)       (105)      Feb.  15. 
The   Carbonization  of  Kelp  for  the  Recovery   of   Potash.     J.   W.   Turrentine.      (105) 

Feb.    15. 
Methyl    Alcohol    and    Acetotie    as    By-Products    of    the    Soda    Pulp    Industry.      A.    H. 

White   and   J.   D.   Rue.      (Paper   read   before  Technical   Assoc,   of   the    Pulp    and 

Paper  Industry.)       (105)      Fteb.  15. 
Acid-Resisting  Qualities  of  Metal  Fittings  of  Digesters.      Sidney  E.  Lunak.      (Paper 

read    before   Technical    Assoc,    of    Pulp    and    Paper    Industry.)       (47)      Feb.    16. 

*  Illustrated. 
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Miscellaneous— ( Continued ) . 

Multiplicity  of  Appraisals  a  Heavy  Burden  in  Present-Day  Regulation.  C.  Fran- 
cis   Harding.      (Paper    read    before    Indiana    Eng.    Soc.)       (24)      Feb.    17. 

Contractors'  Costs  Valuless  Unless  Used  by  Entire  Organization.  Leslie  N.  Allen. 
(Abstract   of   paper   read   before   Am.   Concrete   Institute.)       (14)      Feb.    17. 

Should  Be  Better  Relations  Between  Engineers  and  Contractors.  C.  A.  Crane. 
(Abstract  of  paper  read  before  Am.  Concrete  Institute.)       (14)      Feb.  17. 

Potash  from  Sand-Hill  Lakes.*      R.  P.  Crawford.      (46)      Feb.  17. 

The  Art  of  the  Expert  Witness.      (Deals  with  the  Engineer  in  Court.)    (13)    Feb.  22. 

Cincinnati  Motor  Racetrack.*      George  C.  Mills.      (13)      Feb.  22. 

Training  in  Thought  is  the  Aim  of  Elementary  English  Course  as  Taught  at  Massa- 
chusetts   Institute    of    Technology.      Frank    Aydelotte.      (14)      Feb.    24. 

La  Tache  Social  de  I'Industriel,  Comment  elle  a  ete  Comprise  en  Lorraine.*  Fran- 
cois  Villain.      (92)      Nov.,    1916. 

Projet  d'un  Laboratoire  National  de  Recherches  Physiques  et  Mecaniques.  H.  Le 
Chatelier.      {33)      Feb.   3. 

Municipal. 

Landscape    Engineering.      George    L.    Nason.      (Paper    read    before    Civil    Eng.    Soc. 

of  St.  Paul,  and  from  Bulletin  of  Affiliated  Eng.  Societies  of  Minnesota.)       (86) 

Jan.   31. 
A    Cost    Keeping    System    for    a    Small     Municipal    Department     (Concord,     Mass., 

Department  of  Roads  and  Bridges).*      Robert  J.  H.  Worcester.      (86)      Jan.  31. 

Railroads. 

Methods    Adopted     in    the    Construction    of    Connaught    Tunnel.*      J.    G.     Sullivan. 

(36)      Jan. 
Railway  Accounting.     Frank   Nay.      (61)      Jan.   15. 

The  Railways  of  the  Argentine  Republic.      F.  Lavis.      (23)      Serial  beginning  Jan.  19. 
The  Southern  Valve  Gear  for  Locomotives.*      (23)      Jan.  19. 

Machine  Tool  Practice  in  Railway  and  Locomotive  Shops.      (23)  Jan.  19  ;  (23)  Feb.  2. 
Great  Western   Railway  Developments   in   Birmingham  :   Moore  Street  Passenger  and 

Goods   Station.*      (11)      Serial   beginning   Jan.   19. 
"Accident    Prevention."      Marcus    A.    Dow.      (65)      Jan.    19. 
Frost   Causes   Electric   Railways'   Hold-Up.*      (23)      Jan.   26. 

The  Value  of  Signalling.      (From   Report  of   Committee  to   National   Assoc,  of  Rail- 
way Commissioners.)       (23)      Jan.  26. 
Virginian    Triplex    Locomotive.*      (25)      Feb. 
Walschaert  Valve  Gear  Design.*      H.   A.  Weis.      (25)      Feb. 

Keeping  the  Line  Open  in  Winter  :  Protecting  Switches  and  Interlocking  :  Water  Sta- 
tions ;   Fighting  Snow  in  Yards.     M.   Burke,  A.   M.   Clough   and  J.   S.   Robinson. 

(87)      Feb. 
Steel   Passenger   Cars   for   Delaware   &   Hudson.*      (25)    Feb.;    (15)    Feb.    9. 
New    Railways   and   Reconstruction   of   Damaged    Lines    in   Southwest   Africa.      A.    J. 

Beaton.      (From  report  of  W.  W.  Hay  to  Union  of  South  Africa.)       (21)      Feb. 
Route,   Section  or  Track  Locking.*      (21)      Feb. 
An   Unusual    Slope    Protection    Problem.*      (87)      Feb. 
Some  Information  on  Arc  Welding.*      F.  G.  Saussure.      (25)      Feb. 
New   Skylight  Design  for  Trainshed   at  Lackawanna  Station,  Buffalo.*      A.   E.   Deal. 

(13)      Feb.     1. 
Crushed  Stone  Used  on  Sand  Tracks  After  Tests  by  Boston  Elevated  Railway.      (13) 

Feb.  1. 
New  Frisco  Passenger  Stations.*      (15)      Feb.  2. 

Removing  Subaqueous  Rock  under  Difficult  Conditions.*      (12)      Feb.  2. 
Relaying   Work  with  a  Small  Loco  Crane.     M.  Moore.      (Paper  read  before  Glasgow 

Section    of    Permanent    Way    Institution    and    reprinted    from    their    Journal.) 

(23)      Feb.    2. 
Pennsylvania    Railroad    Refrigerator    Cars.*      (15)    Feb.    2  ;     (18)    Feb.    3. 
South    Indian    Railway    Struck   by    a    Cyclone.*      (23)      Feb.    2. 
St.  Paul  to  Electrify  Over  Cascade  Mountains.*      (15)      Feb.  2. 

The  Castleton  Cut-Off  (New  York  Central  Freight  Line.)      (15)   Feb.  2;    (18)  Feb.  3. 
Further  Views  on  Government  Ownership   in  Canada.      J.  L.   Payne.      (15)      Feb.   2. 
Automatic   Sprinklers   for   Freight   Houses.*      (15)      Feb.    2. 
The    Rectangular    Exhaust    Nozzle.*      D.    R.    MacBain.      (From    paper    read    before 

Central   Railway   Club.)       (47)      Feb.   2. 
Freight   Car   Repair  Problem.*      Lewis   K.   Sillcox.      (Abstract   of   paper   read   before 

Car  Foremen's  Assoc.)       (18)      Feb.   3. 
Pulverized  Fuel  Plant,  Atkinson  Topeka  &  Santa  Fe  Railway,  Marceline,  Mo.      (18) 

Feb.    3;    (15)    Feb.    9. 
The   Heat    Treatment   of    Steel    (For   Use    on    Locomotives    and    Cars).*      Millard    F. 

Cox.      (18)      Feb.    3. 
Double-Track  Work  on  a  Busy  Section  of  the  Erie  Railroad.*      (13)      Feb.  8. 
Midland  Railway  Ambulance  Trains.      (23)      Feb.  9. 

*  Illustrated. 
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Railroads— (Continued). 

Canadian   Government  Sleeping   Cars    (All-Steel).*      (23)      Feb.   9. 

A    Studv    in    Operation — St.    Louis    and    San    Francisco.*      (23)      Serial    beginning 

Feb.    9. 
Lackawanna    Terminal    Improvements    at    Buffalo.*      (IS)      Feb.    9. 
Gas  Equipment  for  Railroad  Shops.*      W.   F.   Clausen.      (24)      Feb.    10. 
Side    Bearing   Location    (Freight   Car   Trucks).      Lewis   K.    Sillcox.      (Abstract    from 

paper  read  before  Car  Foremen's  Assoc.)       (18)  Feb.  10;   (15)  Mar.  2. 
Using   Electric    Lift    Bridges    to    Reduce    Trucking    Distances    on    Freight    Platforms 

(Atchison.    Topeka   &    Santa    Fe    Railroad).*      (46)      Feb.   10. 
New  Car  Shops,  Grand  Trunk  Railway  System,  Port  Huron,  Mich.*      (18)      Feb.   10. 
Passenger  Car  Shop  Essentials.      H.  M.  Clarence.      (18)      Feb.  10. 
The  Chilled   Iron   Car  Wheel.     George  W.    Lyndon.      (Abstract  of  paper   read  before 

Canadian    Railway    Club.)       (15)    Feb.    16;     (18)    Feb.    24. 
Duplex    Locomotives    for    the   Southern    Railway.*      (15)      Feb.    16. 
The  Longest  Railway  Tunnel  in  America.*      (15)      Feb.  16. 
Interlocking  in   the   Dallas  Terminal.*      (15)      Feb.    16. 
Obeying  the   Distant   Signal.      A.   G.   Shaner.      (From   Annual   Report   of  Division   of 

Safety,   Interstate   Commerce   Commission.)       (18)      Feb.    17. 
New   Yard    and   Terminal    of   the   Chicago,    Milwaukee    &    St.    Paul    Railway.*      (18) 

Feb.   17. 
Electrification    for    Steam    Railroads.     W.    R.    Stelnmetz.      (Abstract    of    paper    read 

before  New  England  Railroad  Club).      (15)      Feb.  23. 
Steel    Passenger   Cars   for   the   Burlington    (Chicago,    Burlington    &   Quincy   R.    R.).* 

(15)      Feb.  23. 
Two  Years'  Experience  with  Position  Light  Signals.      A.  H.  Rudd.      (From  report  to 

Pennsylvania    Railroad).      (15)      Feb.    23. 
Railway   Electrification   for  Freight  and   Passenger  Service  at  Buenos  Aires,   Argen- 
tina.*     George  E.  Briggs.      (From  The  Americas.)       (18)      Feb.  24. 
New    Passenger    Station    of   the    Lehigh    Valley    Railroad    at    Buffalo,    N.    Y.*      (18) 

Feb.   24. 
The  Terminal  Situation  in  Greater  New  York.     Irving  T.  Bush.      (Abstract  of  Testi- 
mony before  Interstate  Commerce  Commission.)       (18)      Feb.  24. 
Box   Car   Equalization.      (15)        Mar.   2. 

Water    Conditions    in    the   Locomotive    Boiler.*      George    L.    Fowler.      (15)      Mar.    2. 
Railroad   Grade   Crossing   Survey   in   California :   A   Statement   of  the   Comprehensive 

Investigation   made   by   the   California   State   Commission.*      Max   Thelen.      (15) 

Mar.    2. 
New  Locomotive   Shops  for  the  Burlington.*      (15)      Mar.   2. 
Some   of   the   Conditions   Which    the   Railroads-  Face :    The    Pennsylvania    Could    Pay 

40    Per    Cent.    Dividends.      A.    J.    County.      (Address    delivered    before    Camden 

(N.  J.)    Board  of  Trade.)       (15)      Mar.  2. 
L' Adaptation  des  Chemins  de  Fer  a  la  Lutte  Industrielle  et  Economique.     J.  Carlier. 

(33)      Serial  beginning  Jan.  20. 
Eiserne    Personenwagen    in    Deutschland.     W.    Rudolph.      (50)      Jan.    4. 

Railroads,  Street. 

Italian    Electric    Railways.*      (11)      Serial    beginning   Jan.    26. 

Pneumatic    Concreting   of   the   Van    Buren    Street   Tunnel.*      H.    B.    Kirkland.      (60) 

Feb. 
Development   of    Traffic  :    Symposium    of    Articles    Describing    the   Methods    Followed 

by  Four  Interurban  Companies — Haulage  of  Freight.      (47)      Feb.  3. 
Catenary  Trolley  Construction  Used  on  Manhattan   Bridge  to   Insure  Safety.*      (17) 

Feb.  10. 
Quick-Loading    Interurban    Cars.*      J.    R.    Ayers.      (17)      Feb.    10. 
The    Ideal    Trolley   Wire.      G.    H.    McKelway.      (17)      Feb.    10. 
A    Co-operative    Insurance    and    Pension    System.*      Edward    E.    Rice.      (Abstract    of 

paper   read  before   Am.   Elec.   Railway   Assoc.)       (17)      Feb.   17. 
Pensions    and    Minimum    Wage    Laws.*      James    D.    Mortimer.      (Abstract    of    paper 

read    before    Am.    Electric    Railway    Assoc.)       (17)      Feb.    17. 
Center-Entrance    Cars    for    Milwaukee.*      (17.)      Feb.    17. 
Capacity   of   Cast-iron    Car   Wheels.      George   W.    Lyndon.      (Abstract   of   paper    read 

before   Canadian   Railway  Club.)       (17)      Feb.   17. 
Proposes    Subway    Terminal    and    Tubes    for    Cleveland.      Fielder    Sanders.      (From 

report  to  the  City  Council.)       (14)      Feb.  17. 
How    Concrete    Ornamental    Elevated    Stations    Should    be   Treated.*      S.    J.    Vickers. 

(Abstract  of   paper   read   before   Am.    Concrete   Institute.)       (14)      Feb.   17. 
Sand   and   Gravel   Mixed   at  Source  for   New   York   Subway   Concrete.      J.   G.    Steinle. 

(Abstract    of    paper    read    before    Am.    Concrete    Institute.)       (13)      Feb.    22. 

Roads  and  Pavements. 

Water  Proof  Pavements.      (Discussion  on  papers  read  before  Engineering  Section  of 

Am.   Assoc,   for   Advancement  of  Science.)       (60)      Feb. 
The    Design    of    Bituminous    Pavements.*      Charles    Carroll    Brown.      (60)      Feb. 

*  Illustrated. 
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Roads  and  Pavements— (Continued). 

Combination  Oiling  and  Utility  Motor  Truck  Used  in  Los  Angeles.*      W.   B.  Cannon. 

(13)      Feb.   1.  * 

Hints    for    U.'ie    of    Cold    Mixtures    for    Bituminous-Pavement    Patching.      George    H. 

Biles.      (From  Pennsylvania  Highway  News.)      (13)      Feb.   1,. 
Early  Experience  with  Concrete  Paving.      (13)      Feb.  1. 
Advisability   of   Using  Old   Macadam   as   a   Pavement   Foundation.     W.    S.    Anderson. 

(13)  Feb.   1. 

Resurfacing    an    Old    Macadam    Road   with    Monollthc    Brick    Pavement.     Harlan    H. 

Edwards.      (13)      Feb.   1. 
Belt    Method    of    Finishing    Concrete    Pavements    Recommended.      H.     B.     Bushnell. 

(From    IlliJioi-s    Highways.)       (13)      Feb.    1. 
Concrete   Road   Turnouts    Poor   Practice.      H.    E.    Bilger.      (13)      Feb.    1. 
War-Time    Economy    in    Newport,    Isle   of    Wight    (Roads    and    Pavements).      (104) 

Feb.    2. 
Machine-Mixed  Filler  Best  for  Granite  Block  Pavement  Joints.*      (14)      Feb.  3. 
Heavy  Trucks  and  High  Material  Prices  Affect  Massachusetts  Road  Work  in  1916.* 

(From  Annual  Report  of  Massachusetts  Highway  Commission.)  (14)  Feb.  3. 
Lakewood's  Business  Streets  Paved  with  Concrete.*  J.  C.  Bentley.  (14)  Feb.  3. 
Old    Macadam    Resurfaced    with    Sheet    Asphalt    in    New    Haven.*      W.    L.    Harlow. 

(14)  Feb.    3. 

Michigan   Puts   Selection   of   Road   Types   on   Business   Basis.      D.   A.    Thomas.      (14) 

Feb.    3. 
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MULTIPLE-ARCH  DAMS 
ON  RUSH  CREEK,  CALIFORNIA 


By  L.  R.  Jorgensen,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  April  18th,  1917. 


Synopsis. 
This  paper  describes  the  design  and  construction  of  two  multiple- 
arch  dams  built  during  the  summers  of  1915  and  1916.  The  deter- 
mination of  span  length  is  first  discussed,  followed  by  general  rules 
for  the  selection  of  the  angle  subtended  by  the  individual  arches.  It 
is  pointed  out  how  the  arch  slope  affects  the  load  distribution  on  the 
arches,  and  the  stability  of  the  buttresses.  Stress  diagrams  for  the 
arches  and  buttresses  are  given,  most  of  the  calculations  being 
graphical.  The  increase  in  deformation  of  concrete  under  sustained 
load,  and  its  effect  on  stresses  due  to  temperature  changes  is  brought 
out,  and  an  attempt  is  made  to  show  that  the  time  factor  (time  interval 
between  the  occurrence  of  maximum  and  minimum  temperature)  can 
to  some  extent  be  depended  on  to  prevent  oi'  minimize  temperature 
cracks.  Tx)  stiffen  the  buttresses,  counterforts  are  used  in  connection 
with  struts.  Test  results  of  the  concrete  as  used  are  given.  Com- 
pression specimens  were  made  in  the  field,  and  aged  there,  not  under 
laboratory    conditions,    but    out    in    the    open    dry    atmosphere.      The 

Note. — These  papers  are  is^^ued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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up-stream  faces  of  the  arches  were  covered  with  a  1:2  coat  of 
cement  and  sand,  applied  with  a  cement  gun.  In  conclusion  some  cost 
data  are  presented. 

Introduction. 

During  the  last  few  years  several  multiple-arch  dams  have  been 
built  in  the  United  States,  and,  thus  far,  have  been  very  successful  in 
operation.  Undoubtedly,  many  more  would  have  been  constructed  had 
a  thorough  knowledge  of  their  design  and  construction  been  more  gen- 
eral among  dam-building  engineers.  There  are  places  where  rock  or 
earth  fill  dams,  or  a  combination  of  the  two,  are  now  built,  where 
multiple-arch  dams  could  have  been  constructed  more  economically, 
and  they  would  have  been  more  substantial. 

Although,  under  ordinary  conditions,  a  rock  or  earth  fill  dam  can 
be  constructed  with  a  sufficient,  although  unknowTi,  factor  of  safety, 
such  dams  are  absolutely  unsafe  under  abnormal  conditions,  such  as 
when  water  accidentally  passes  over  the  crest.  It  is  a  well-known  fact 
that  nearly  all  failures  have  been  due  to  this  cause.  Water  passing 
over  the  crest  of  a  multiple-arch  dam  would  not  destroy  it,  and,  for  a 
more  or  less  limited  time,  would  not  hurt  the  foundation,  if  this  was 
otherwise  at  all  safe  for  such  a  structure.  A  multiple-arch  dam  requires 
a  good  foundation,  as  the  load  is  concentrated  on  the  buttresses,  and 
settlement  of  these  would  be  likely  to  cause  the  collapse  of  adjoining 
arches.  Whenever  the  foundation  is  solid  rock,  however,  a  multiple- 
arch  dam  can  be  constructed  and  will  be  as  substantial  as  any,  and 
more  substantial  than  most  types.  The  stresses  and  dimensions  can 
be  calculated  with  great  accuracy.  The  factor  of  safety  of  such  a 
structure,  therefore,  is  known  within  narrow  limits,  assuming  first-class 
construction,  and  on  that  account,  precedents  should  not  be  given  so 
much  consideration  as  with  rock  and  earth  fill  dams.  These  latter 
cannot  be  subjected  to  calculation  of  stresses,  and  therefore  have  to 
be  built  mostly  along  lines  dictated  by  precedents.  In  general,  it  can 
be  said  that  a  multiple-arch  dam  of  small  and  medium  height  (less 
than  100  ft.  high)  will  cost  less  to  construct  than  a  rock  fill  dam, 
especially  if  the  latter  is  provided  with  something  better  than  a  wooden 
up-stream  face  for  the  water-tight  cut-off.  Perhaps  only  in  rare  cases 
would  there  be  occasion  for  comparing  the  relative  costs  of  a  multiple- 
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arch  and  a  strictly  earth  fill  dam,  because,  if  there  is  enough  suitable 
earth  to  construct  an  earth  dam,  a  sufficiently  good  foundation  for  a 
multiple-arch  dam  and  sufficient  good  building  material  for  such  a 
dam  are  not  likely  to  be  found  at  the  same  place,  and  vice  versa. 

For  a  multiple-arch  dam  higher  than,  say,  130  ft.,  the  quantity  of 
building  material  required,  and  therefore  the  cost  of  such  a  structure, 
increases  quite  rapidly,  due  mainly  to  the  fact  that  the  buttresses 
become  very  large  and  require  more  bracing.  Eventually,  therefore, 
a  limit  of  height  is  reached,  where  it  will  be  more  economical  to  build 
a  single  arch  across  the  canyon,  unless  the  latter  is  very  wide.  This 
limit  of  height  for  any  dam  can  only  be  found  by  trying  all  the  types 
possible  of  application,  as  the  shape  of  the  dam  site  has  also  quite  an 
intluence  on  the  design. 

The  Design  of  the  Multiple- Arch  Dam. 

The  first  thing  to  be  determined  is  the  length  of  each  individual 
span.  Unless  there  should  be  strong  reasons  for  using  different  span 
lengths  for  the  several  arches  making  up  the  complete  structure,  all 
spans  should  be  the  same,  in  order  to  facilitate  the  form  work.  Theo- 
retically, the  shorter  the  spans,  the  less  the  material  required  for  the 
arches.  The  material  required  for  the  buttresses  remains  theoretically 
the  same,  no  matter  what  length  of  span  is  chosen.  Although  a  dam 
consisting  of  small  spans  takes  less  material  than  one  where  the  spans 
are  larger,  the  cost  of  construction  may  not  necessarily  be  less.  The 
form  work  becomes  more  extensive,  and  it  is  more  difficult  to  place 
the  concrete  and  reinforcing  steel  in  the  resulting  narrow  space 
between  the  form  boards  than  in  a  wider  space.  Thin  arch  walls  are 
more  likely  to  collapse  than  thicker  ones,  and  thin  buttresses  would 
require  elaborate  bracing  in  order  to  prevent  their  collapse  long  before 
their  crushing  strength  had  been  reached.  It  is  the  arch  that  holds 
the  water  back,  and  therefore  the  water-tightness  of  the  dam  is  to  some 
extent  a  function  of  the  thickness  of  this  wall,  although,  to  a  much 
larger  extent,  it  depends  on  the  quality  of  the  building  material  (con- 
crete) used. 

Taking  all  these  facts  into  consideration,  it  may  be  stated  that  the 
practical  and  most  economical  span  lies  between  the  limits  of  30  and 
50  ft.  For  high  dams,  the  economical  span  is  near  the  upper  limit; 
for  low  dams,  it  is  near  the  lower  limit.     A  40-ft.  span  would  be  a 


•i04  MULTIPLE-AKCH   DAMS  [Papers. 

good  average  value  for  ordinary  cases,  and  is  chosen  in  the  present 
instance. 

The  next  feature  to  be  determined  is  the  length  of  the  up-stream 
radius.  It  is  known  that  the  most  economical  arch*  is  the  one  that 
subtends  an  angle  of  133^°,  and  that,  for  variations  of  about  10%  on 
each  side  of  this  angle,  the  difference  in  economy  is  very  small.  For 
the  dams  to  be  described  later  the  subtended  central  angle  at  the 
up-stream  face  is  120°,  or,  to  be  exact,  119°  57'.  The  volume  of  the 
ai'cli  has  thereby  been  increased  approximately  1%  above  the  theoretical 
minimum,  but,  at  the  same  time,  the  thickness  has  been  increased  6%, 
thereby  decreasing  the  ratio  of  thickness  of  arch  to  length  of  arch, 
which,  for  structural  reasons,  is  a  desirable  feature,  at  least  toward 
the  crest  where  the  thickness  is  small  compared  with  the  length.  This 
also  decreases  the  probability  of  percolation  by  decreasing  the  area  of 
the  wetted  surface,  and  by  increasing  the  thickness  of  the  wall. 

With  the  subtended  angle  (120°)  and  the  span  (40  ft.)  decided,  the 
length  of  the  up-stream  radius  is  calculated  to  be  23.1  ft.  To  facilitate 
form  work,  the  length  of  this  radius  is  kept  constant  from  crest  to 
foundation,  except  as  noted  later.  Incidentally,  this  gives  also  the 
most  economical  arch,  as  the  subtended  angle  is  thereby  kept  practically 
constant.  The  arch  is  given  a  slope  with  the  horizontal  of  50°,  in 
order  that  the  water  pressure,  acting  on  the  vertical  projection  of  this 
slope,  may  tend  to  cut  down  the  shearing  stress  on  the  buttresses  to 
zero,  or  to  some  insignificant  value. 

The  arch  carries  the  total  water  load  and  a  large  part  of  the  load 
due  to  its  own  weight.  A  preliminary  arch  thickness  may  be  found  by 
the  simple  formula, 

p  XRu  =  <iX  t (1) 

in  which  P  equals  the  water  pressure,  in  pounds  per  square  foot; 
i2«  equals  the  leng-th  of  the  up-stream  radius,  in  feet;  q  equals  the 
average  stress,  in  pounds  per  square  foot,  of  the  area  of  the  dam  section 
under  consideration;  and  t  equals  the  thickness  of  the  dam,  in  feet,  at 
any  given  horizontal  elevation.f 

*  Further  information  in  reference  to  this  may  be  found  in  Transactions,  Am.  Sec. 
C.  E.,  Vol.  L.XXVIII,  Paper  No.  1322,  pp.  689-690. 

Ru 
t  The  thickness  of  any  horizontal  arch  slice  (elliptical  with  major  axis  =  "^j^T"^-  ^"" 

with  minor  axis  =  -Hj,)  is  made  constant  from  abutment  to  abutment,  and  therefore 
the  circular  arch  perpendicular  to  the  slope  must  have  its  thickness  increase  from  the 
crown  toward  the  abutments. 
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After  the  thickness,  t,  has  been  determined,  at  as  many  points  as 
tlioug-ht  necessary,  say  every  10  ft.  apart  in  elevation,  the  weight  of  the 
arch  can  be  calculated  and  the  additional  arch  stress  due  to  this  load 
determined.  If  the  total  stress  is  found  to  be  excessive,  a  new  thick- 
ness will  have  to  be  chosen. 

Due  to  the  inclination  of  the  arch,  the  water  pressure  is  not  dis- 
tributed uniformly  between  the  crown  and  the  abutments  on  any 
imaginary  arch  slice  perpendicular  to  the  slope.  As  the  crown  is  at 
a  higher  elevation,  it  sustains  less  water  pressure  than  corresponding 
points  at  the  abutments. 

For  the  case  under  consideration — where  the  length  of  the  up- 
stream radius  is  23.1  ft.;  the  subtended  angle  is  120°;  and  the  inclina- 
tion of  the  arch  is  50°  with  the  horizontal  and  40°  with  the  vertical— 
a  point  at  the  crown  will  always  be 

— ^  X  sin.  40°  =  11.55  X  0.64379  =  7.424  ft. 

above  a  corresponding  point  at  the  springing  line.  Toward  the  crest 
this  difference  in  elevation  makes  a  large  difference  in  the  distribution 
of  the  load  on  the  face  of  the  arch,  and  therefore,  also,  in  the  location 
of  the  line  of  pressure  in  the  arch  ring.  Take,  for  instance,  an 
arch  slice  1  ft.  wide,  with  the  middle  of  the  crown  at  Elevation  5, 
and  with  the  middle  of  this  slice  at  the  springing  line  at  Elevation 
5  +  7.424  =  Elevation  12.424.  With  reservoir  full  to  the  crest,  the 
water  load  at  the  middle  point  of  the  crown  would  correspond  to 
5  X  62.5  =  312.5  lb.  per  sq.  ft.,  whereas  the  water  pressure  at  the 
corresponding  point  at  the  springing  line  would  correspond  to 
12.424  X  62.5  =  776.5  lb.,  or  nearly  2.5  times  more  than  at  the  crown. 
At  lower  elevations  this  large  difference  (2.5  times)  rapidly  grows 
less,  and  becomes  unimportant  with  crown  elevations  below  Elevation 
15.  In  the  upper  portion  of  the  dam  the  radial  component  of  the 
arch  weight  borne  directly  by  the  arch  itself  tends  to  neutralize  the 
large  difference  in  water  pressure  between  the  crown  and  the  corre- 
sponding abutment  points,  as  this  weight  component  has  its  largest 
value  at  the  crown,  and  its  smallest  value  at  the  abutments.  This 
can  be  shown  most  clearly  by  a  graphical  method,  and  in  Figs.  1  and  2, 
two  arch  slices  are  drawn,  each  assumed  to  be  1  ft.  wide.  In  Fig.  1 
the  middle  of  the  crown  is  at  Elevation  5,  and  then  a  width  of  6  in. 
is  taken  on  each  side;  and  in  Fig.  2  the  cro^^^l  is  at  Elevation  10.     The 
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arch  is  divided  into  twenty  voussoirs,  and  the  forces  acting  on  these 
voussoirs  are  calculated.  These  forces,  though  not  distributed  uni- 
formly, are,  of  course,  symmetrical  on  both  halves  of  the  arch,  with 
respect  to  the  center  line  between  two  buttresses. 

On  the  right  half  of  each  diagram  are  shown  the  weights  of  the 
different  voussoirs  resolved  into  their  components.  The  weight  of  a 
voussoir  is  partly  transmitted  to  the  base  through  the  lower  portion 
of  the  arch,  and  partly  supported  by  the  arch.  The  last  component  is 
equal  to  the  total  weight  of  the  voussoir  multiplied  by  cos.  50°,  and  is 
set  off  vertically,  acting  through  the  center  of  gravity  of  each  voussoir. 
This  vertical  load  is  resolved  into  one  radial  component  and  one 
perpendicular  thereto.  The  radial  component  can  now  be  added 
directly^'  to  the  water  load  on  the  same  voussoir,  which,  of  course,  is 
also  radial.  The  geometrical  sum  of  the  last  named  (perpendicular) 
components  represents  the  increased  axial  stress  toward  the  abutments. 

On  the  left  half  of  each  diagram  the  total  radial  forces  acting  on 
the  different  voussoirs  are  indicated.  A  polygon  of  forces  is  drawn, 
and,  by  using  this,  the  line  of  pressure  of  the  arch  can  be  determined 
by  drawing  lines  parallel  to  the  proper  rays  in  the  polygon  of  forces. 
It  is  plainly  seen  that  the  line  of  pressure  lies  decidedly  outside  the 
center  line  of  the  arch;  especially  is -tliis  true  of  the  arch  with  its 
crown  at  Elevation  5  (Fig.  1). 

Using  these  diagrams,  the  correct  shape  of  the  wooden  arch  trusses 
supporting  the  form  work  for  these  upper  elevations  can  be  ascertained. 
The  outside  members  of  these  trusses  are  made  elliptical  above  Eleva- 
tion 15,  as  shown  in  detail  on  Eig.  3,  in  such  a  way  as  to  bring  about 
coincidence  between  the  line  of  pressure  and  the  center  line  of  the 
arch.  At  Elevation  15  the  center  line  of  the  arch  and  the  line  of 
pressure  do  not  exactly  coincide,  but  they  are  close  enough  together 
to  allow  the  circular  shape  of  the  arch  to  be  used  with  entire  safety. 
Below  Elevation  15  the  arch  is  made  circular  in  a  plane  perpendicular 
to  its  sloping  axis,  and  above  Elevation  15  it  is  made  elliptical  in 
accordance  with  the  diagrams,  Eigs.  1  and  2,  or  a  slight  modification 
thereof,  depending  on  how  far  beloAv  the  crest  the  maximum  water 
level  is  to  be.     It  might  not  be  out  of  place  to  state  here  that  J.  S. 

*  For     greater     accuracy,     this     force     should     be     multiplied     by     the     ratio, 

length  of  mean   radius  ^^  ,        ,_  ,^1.^1,  x  ii.-         *• 

It  has  been  neglected  in  the  present  case,  as  this  ratio 


length  of  up-stream   radius 
is  very  close  to  unity. 


Papers.] 


MULTIPLE-ARCH   DAMS 


409 


Length  Of  up-stream  fa„„  ^ 


UPPER  ARCH  TRUSSES 
WITH   FILLERS 

SPAN  OF  ARCH  40  FT. 


Dimensions  of  Trusses 


Elevation 
of  Crown 

Radius 

Span 

Height 

1 

2l'l}4" 

37'8" 

n'm" 
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21' 0" 

31 '6W 

n'VA" 

10 

20'10M!" 

37'4'/2" 

n'lii" 

#H^ 


Fig.  3. 
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Eastwood,  M.  Am.  Soc.  C.  E.,  who  has  been  very  prominent  in  bring- 
ing into  actual  use  the  multiple-arch  type  of  dam,  builds  the  top  por- 
tion of  the  arches  vertical,  whereby  the  circular  shape  can  be  used  for 
the  entire  arch. 

Stresses  Due  to  Temperature  Changes. 
As  dams  are  generally  built  during  the  summer  season,  it  is  only 
logical  to  assume  that  after  their  completion  the  individual  arches  are 
under  tensile  stress  most  of  the  time  when  the  reservoir  is  empty,  and 
decidedly  so  if  it  is  empty  during  the  cold  season.  The  reinforcement 
in  the  arch,  therefore,  has  been  placed  with  the  sole  purpose  of  taking 
up  these  tensile  stresses,  which  reach  their  maximum  value  near  the 
down-stream  face  at  the  crown,  and  near  the  up-stream  face  at  the 
abutments,  under  the  conditions  just  stated.  From  the  drawing  at  the 
left  of  Fig.  4  it  will  be  seen  that  the  reinforcing  steel  is  placed  at  a 
distance  equal  to  one-fourth  of  the  total  arch  depth  from  the  respective 
faces  subject  to  tensile  stresses,  at  the  crown  and  at  the  abutments. 
The  quantity  of  steel  in  the  arch  is  perhaps  not  entirely  sufficient  to 
take  care  of  the  maximum  condition  of  temperature  drop,  but  it  is 
believed  that  if  tension  cracks  develop,  the  presence  of  the  reinforce- 
ment will  cause  them  to  be  minute  and  well  distributed,  and  that, 
when  the  structure  becomes  loaded,  tlig^  cracks  will  close  tight.  It  was 
not  deemed  advisable  to  put  in  the  arches  more  steel  than  that  shown 
by  Fig.  4,  for  the  reason  that  it  is  of  comparatively  little  use  when  the 
reservoir  is  full.  It  was  also  kept  in  mind  that  a  large  change  in  tem- 
perature is  not  likely  to  occur  suddenly,  as  a  time  element  of  perhaps 
weeks  or  months  is  generally  interposed  between  the  occurrence  of 
maximum  and  minimum  temperature  in  a  dam  body.  This  time  factor 
can  be  depended  on,  to  some  extent,  to  prevent  or  minimize  temperature 
cracks.  It  gives  the  modulus  of  elasticity  time  to  adjust  itself  to  the 
new  condition  (colder  or  warmer  concrete).* 

The  Stability. 
After  the  buttresses  have  been  given  some  preliminary  dimensions, 
the  stability   of  the  whole  structure  can  be  investigated,   most  con- 

*  That  the  deformation  of  concrete  increases,  under  sustained  load,  has  been 
shown  by  tests  and  in  practice.  Two  papers  on  the  subject  were  read  at  the  Twelfth 
Annual  Convention  of  the  American  Concrete  Institute,  in  Chicago,  one  by  A.  H.  Fuller, 
M.  Am.  Soc.  C.  E.,  and  C.  C.  More,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Tests  Showing 
Continued  Deformation  under  Constant  Load",  and  one  by  Mr.  Carl  B.  Smith  entitled, 
"The  Flow  of  Concrete  Under  Restrained  Load".  This  was  abstracted  in  the  Engi- 
neering Record,  March  4th,  1916,  p.  329.  See  also  "The  University  of  Minnesota 
Studies  in  Engineering,  No.  3",  by  F.  R.  McMillan. 
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veniently  by  a  graphical  method,  as  shown  by  Fig.  G,  representing  a 
section  through  the  crown  of  the  arch.  To  facilitate  the  investiga- 
tion, the  dam  is  divided  into  horizontal  sections,  10  ft.  apart  in  eleva- 
tion, and  the  forces  acting  on  and  above  each  section  are  shown  to 
scale  in  the  location  and  direction  in  which  they  act. 


DIAGRAM  OF  FORCES 

ACTING  ON  BUTTRESS 

OF  MULTIPLE-ARCH  DAM 

50  Face  Slope 
Buttresses  40'  from  Center  to  Center 

All  Weights  given  are  in  Tons 


Horizontal  Component  of  Water  Pressure 
Fig.   6. 

The  most  important  force  acting  on  the  structure  is  the  water  pres- 
sure, and  this,  as  usual,  is  assumed  to  be  concentrated  in  a  horizontal 
plane  which  is  two-thirds  of  the  total  depth  below  the  water  surface. 

The  horizontal  plane  in  which  the  water  pressure  is  assumed  to  be 
concentrated  intersects  the  up-stream  face  along  an  elliptical  curve. 
The  point  of  application  of  a  single  force,  representing  the  water  pres- 
sure on  one  total  span  of  40  ft.,  coincides  with  the  center  of  gravity  of 
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this  ellipse,  at  least,  as  long  as  the  water  pressure  does  not  penetrate 
the  up-stream  face  skin,  such  as  plastering,  etc. 

Due  to  the  fact  that  the  arches  have  been  given  a  slope  of  50° 
with   the   horizontal,    the   water   pressure    will   have    a   vertical    corn- 
horizontal  component 

ponent  = .     To  a  very  <?reat  extent,  the  stability 

^  tan.  .50°  ^  °  ^ 

of  the  dam  depends  on  the  presence  and  action  of  this  component,  as 
it  tends  to  hold  the  structure  firmly  down  on  its  foundation. 

The  point  of  application  of  the  water  pressure,  as  already  stated,  is 
taken  at  the  center  of  gravity  of  the  ellipse.     From  the  crowai  this  is 

a  little  more  than  one-third  of  the  total  distance  (-—-(-  5%  for  present 

conditions)  between  the  crown  and  the  springing  line. 

Considering  first  the  upper  10  ft.  of  the  dam,  the  horizontal  plane 
in  which  the  water  pressure  can  be  assumed  to  be  concentrated  is  at  a 

2 
distance  of  — ;—  X  10  from  Elevation  0  downward,  with  the  water  surface 

at  Elevation  0,  and  the  point  of  application,  a,  of  the  single  force  is 
1  .5  \      11.55 


/I  .5  \      i 

\J   ^  100/   sii 


=  5.78  ft. 


sin.  50^^ 
from  the  crown,  measured  horizontally. 

The  horizontal  water  pressure  due  to  the  10  ft.   of  water  on   the 
40-ft.  span  is 

0  +  625 


2 


X  10  X  40  =  125  000  lb.,  or  62.5  tons. 


62.5 

The  vertical  water  pressure  is  equal  to  =  52.5  tons.    This  latter 

^  ^  tan.   50° 

force  is  now  combined  with  the  portion  of  the  weight  of  the  arch  acting 

vertically.     The  weight  of  the  arch  above  Elevation  10  is  equal  to  its 

volume  in  cubic  feet  multiplied  by  the  weight  of  1  cu.  ft.     The  center 

of  gravity  of  the  section — a  trapezoid — is  found,  and  the  center  of 

gravity,  h,  of  the  whole  arch  is  then  taken  to  coincide  with  the  center 

of  gravity  of  an  ellipse  through  the  center  of  gravity  of  the  section, 

in   the  same  manner  as  explained  previously  for  the  water  pressure. 

The  weight  of  the  arch  is  now  combined  with  the  vertical  component 

of  the  water  pressure,  and  the  location  of  their  resultant  is  found  by 

taking  moments  around  either  point,  a  or  h.     The  numerical  value  of 

the  resultant  is  equal  to  the  sum  of  the  two  forces,  52  -\-  52.5  =  104.5 

tons.     Taking  moments  around  the  point,  a,  and  scaling  the  distances, 
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preferably  on  the  sloping  line  between  a  and  b  for  greater  accuracy,  we 

52  X  2.75 
have    the    equation      "^^,  i —    =    cc   =   1.367   ft.,   <?ivins?  the    location 
104.5  "        ° 

of  tlie  resultant  at  a  point  1.3G7  ft.  from  a  along  the  line  between  a 
and  h.  The  weight  of  the  buttresses  (above  Elevation  10)  assumed 
to  be  concentrated  in  the  center  of  gravity,  d,  js  calculated  to  be  14.5 
tons;  it  is  combined  with  the  vertical  load  of  104.5  tons  on  the  arch, 
in  the  same  manner  as  shown  previously,  by  taking  moments  around 
any  point,  say  c.  The  location  of  the  resvJtant  is  found  to  be  at  e, 
and  its  value  is  104.5  -\-  14.5  =  119  tons.  This  represents  the  total 
vertical  force,  both  as  to  size  and  location. 

This  force  is  now  combined  with  the  horizontal  water  pressure  of 
62.5  tons,  and  the  resultant  is  drawn.  It  is  the  purpose  of  this  dia- 
gram. Fig.  6,  to  give  the  value  of  the  resultant  of  all  forces,  and  to 
establish  the  point  of  intersection,  g,  between  this  resultant  and  the 
base,  in  this  case  at  Elevation  10.  For  convenience,  the  distance 
from  e  to  f  representing  the  total  vertical  force  of  119  tons,  may  be 
measured,  and  the  distance,  f-g,  representing  the  62.5  tons  hori- 
zontal water  pressure,  may  be  set  off  on  the  base  to  the  same  scale. 

Consider  next  the  portion  of  the  dam  above  Elevation  20  as  a 
whole.     The  place  of  application  of  the  concentrated  water  pressure  is 

2 
at  a  distance  of  —  X  20  ft.  below  Elevation  0,  and  the  point  of  apiDlica- 

tion  of  a  single  force  representing  the  water  pressure  on  the  40-ft. 

span  is  located  the  same  as  before,  5.78  ft.  from  the  crovin  toward  the 

springing  line,  measured  horizontally.     The  vertical  component  of  the 

horizontal  component  ,  ,    , 

water   pressure   = .  actmsr  on  tlie  arch  between 

^  tan.  50° 

Elevations  0  and  20,  is"  now  combined  with  the  weight  of  the  arch 

lying  between  Elevations  0  and  20,  and  their  resultant  is  drawn  in 

the  correct  location,  found  by  taking  moments  as  shown  previously. 

This  resultant  is  again  combined  with  the  weight  of  the  portion  of 

the  buttress  lying  between  Elevations  0   and  20.     The  shape  of  the 

buttress  is  taken  as  that  of  an  obelisk,  and  its  volume  and  the  location 

of  the  center  of  gravity  are  found  from  ordinary  rules  applying  to 

such   bodies.      The   weight   of   the   struts    and   counterforts    is   to    be 

added  to  the  weight  of  the  buttress,  whereby  the  location  of  the  center 

of  gravity  might  be  slightly  changed. 
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The  resultant  of  all  vertical  forces  acting  on  the  dam  above  Eleva- 
tion 20  can  now  be  found,  both  as  to  size  and  location,  and  combined 
with  the  horizontal  water  pressure,  whereby  the  point  of  intersection 
of  the  resultant  with  the  base  at  Elevation  20  is  determined. 

The  same  method  of  procedure  is  followed  for  the  remaining  por- 
tion of  the  dam,  each  time  taking  the  base  10  ft.  lower  than  in  the 
preceding  calculations,  and  the  whole  diagram.  Fig.  6,  is  completed. 
If,  now,  the  center  line  of  the  buttress,  and  also  the  two  lines  repre- 
senting the  middle  thirds,  are  drawn,  this  diagram  will  point  out  very 
clearly  whether  or  not  the  load  is  distributed  economically  on  the 
buttress.  For  maximum  economy,  the  resultant  of  all  forces  should 
intersect  the  base  in  the  center  line  of  the  buttress;  then  the  load  will 
be  distributed  uniformly  over  the  whole  base.  Toward  the  top  this 
is  not  quite  possible,  and  is  not  important,  as  the  material  there  can- 
not be  stressed  very  highly  at  any  rate;  but,  toward  lower  elevations, 
the  down-stream  slope  of  the  buttress  should  be  shaped  so  as  to  con- 
form with  this  condition,  viz.,  the  resultant  intersecting  the  base  in 
the  center  line,  or  approximately  in  the  center  line,  of  the  buttress. 
The  total  vertical  load  on  the  section  shown  in  Fig.  6  is  seen  to  be 
6  332  tons,  and  the  horizontal  water  pressure,  5  062  tons,  both  on  a 
40-ft.  span.  If  the  coefficient  of  friction  is  taken  at  0.75,  it  is 
seen  that  the  actual  shear  along  the  base  amounts  to  only 
5  062  —  6  332  X  ^-^^  =  313  tons.  There  is  considerable  steel  in  the 
section  to  help  take  up  this  shear,  and  therefore  it  was  not  deemed 
necessary  to  eliminate  the  shear  entirely.  There  is  no  hydrostatic 
uplift  to  amount  to  anything  acting  on  a  dam  of  this  type,  and  water 
could  hardly  find  its  way  to  lubricate  the  surfaces  of  possible  cracks 
in  the  buttresses.  Wherever  it  would  be  desirable  to  eliminate  the 
shear  entirely,  the  face  slope  should  be  made  flatter,  say  45,  instead  of 
50  degrees.  This,  of  course,  adds  to  the  material  required  for  construc- 
tion, but  is  the  cheapest  and  best  way  of  accomplishing  the  result. 

Some  difference  of  opinion  may  well  exist  as  to  the  actual  stress 

per  square  unit  of  area  of  the  buttress  at  any  horizontal  elevation. 

The  loads  per  buttress  are  given  on  Fig.  6.     For  instance,  at  Elevation 

80,  the  vertical  load  is  seen  to  be  4  977  tons,  and  the  horizontal  load, 

4  000  tons.    As  the  horizontal  area  is  360  sq.  ft.,  the  unit  vertical  stress 

4  977 
should  be      .^         =  13.82  tons  per  sq.  ft.,  or  192  lb.  per  sq.  in.     The 
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shear  would  be  a  little  more  than  friction  alone  would  take  care  of, 
but  steel  is  provided  for  the  remainder.  The  resultant  of  the  two 
forces  (horizontal  and  vertical)  intersects  the  base  2  ft.  down  stream 
relative  to  the  center  line,  but  on  account  of  having  the  counterfort 
(20  sq.  ft.)  on  this  side  of  the  center  line  also,  the  stress  is  actually 
distributed  uniformly.  Now,  if,  instead  of  the  two  principal  forces, 
their  resultant  is  used,  assuming  it  as  acting  on  a  number  of  steps 
perpendicular  to  the  direction  of  this  force  (the  resultant),  the  appar- 
ent unit  stress  will  be  much  higher.  Thus,  the  resultant  (6  385  tons) 
acting  on  an  area  equal  to  the  sum  of  all  the  steps  (360  X  sin.  51° 

6  385 
13'  =  280  sq.  ft.)  will  produce  a  compression  equal  to  =  22.8 

tons  per  sq.  ft.,  or  317  lb.  per  sq.  in. 

There  is  a  great  difference  between  192  and  317  lb.  per  sq.  in. 
The  actual  unit  compression  will  be  somewhere  between,  undoubtedly 
depending  on  the  relative  value  of  the  modulus  of  elasticity  of  the 
concrete  for  compression  and  for  shear.  It  is  seen  that  the  first 
method,  using  the  principal  forces,  gives  the  maximum  possible  shear 
that  could  occur,  and  that  the  other  method  gives  the  maximum  pos- 
sible unit  compression  that  could  occur.  None  of  these  methods  is 
very  satisfactory,  as  none  fixes  the  absolute  value  of  stress  within 
narrow  enough  limits,  but  the  writer  knows  of  no  better  at  present. 

The  reinforcing  steel  embedded  in  the  buttress  is  put  there  for  dif- 
ferent purposes.  Along  the  up-stream  slope,  the  triangular  steel  con- 
struction shown  in  Figs.  4  and  5  ties  the  adjacent  arches  into  the 
buttress.  This  is  desirable  on  account  of  the  fact  that,  in  order  to 
facilitate  construction,  the  buttresses  are  built  first,  and  the  arches 
later.  The  hooping  that  interconnects  the  different  bars  is  simply 
left  protruding  through  the  concrete  of  the  buttress  at  the  time  this 
is  built.  Should  one  arch  fail,  this  triangular  girder  would  immedi- 
ately take  up  the  unbalanced  thrust  and  prevent  adjacent  arches  from 
collapsing,  and  this  is  its  principal  duty.  Besides  this,  however,  the 
steel  is  active  in  preventing  cracks  in  the  buttress  and  in  taking  up 
some  shear.  Toward  the  down-stream  edge  of  the  buttress,  four  ver- 
tical rods  are  embedded  in  the  concrete  for  the  purpose  of  stiffening 
it,  preventing  cracks,  and  taking  care  of  wind  pressure.  Toward  the 
middle  portion,  reinforced  counterforts  are  constructed  for  the  same 
purpose.     These  are  still  more  effective  in  accomplishing  this,  due  to 
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the  greater  distance  between  the  pairs  of  steel  rods.  All  material  in 
the  counterforts  supports  load  the  same  as  the  buttress  itself,  but  the 
counterforts,  at  the  same  time,  are  most  effective  in  stiffening  the 
large  flat  slab  (buttress)  so  that  fewer  struts  are  required. 

Toward  the  top  of  the  buttress  (at  Elevation  15)  two  horizontal 
struts  are  tied  to  the  vertical  reinforcement  (Figs.  4  and  5).  These 
two  struts  are  designed  so  that,  besides  their  main  purpose  of  holding 
the  upper  portion  of  the  buttress  in  place,  they  are  capable  of  support- 
ing a  light  roadway.  At  Elevation  45  another  strut  is  placed  near  the 
up-stream  face,  mainly  in  order  to  support  the  triangular  girder, 
should  the  latter  ever  be  required  to  support  any  unbalanced  arch  pres- 
sure. All  struts  are  able  to  withstand  tension  as  well  as  compression, 
as  can  be  judged  from  an  inspection  of  the  details  on  Eigs.  4  and  5. 

Elev.  of  bottom  of  Spillway  9050 
Elev.  of  bottom  of  Spillway  9048 


MULIPLE-ARCH  DAM 
LOWER  GEM   LAKE 


Gem  and  Agnew  Lake  Dams. 
The  design  shown  in  the  foregoing  illustrations  was  made  by  the 
writer  for  the  Pacific  Power  Corporation,  of  Bodie,  Cal.,  to  be  used 
for  the  construction  of  their  Gem  and  Agnew  Lake  Dams,  on  Rush 
Creek,  Mono  County,  California.  Eig.  7  is  a  plan  of  the  Gem  Lake 
Dam  and  dam  site,  and  Eig.  8  shows  the  Agnew  Lake  dam  site.  On 
Eig.    7   is   also    indicated   the   outlet   works,   consisting   of   a   concrete 
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chamber  provided  with  a  row  of  iron  bars  in  front,  and  a  48-in. 
steel  pipe  laid  through  a  tunnel  for  about  300  ft.  This  pipe  line 
terminates  in  a  power-house  1 808  ft.  below  (in  elevation)  the  top 
contour  of  the  lake.  The  maximum  height  of  any  individual  arch 
of  this  dam  is  84  ft.,  and  the  vertical  distance  from  the  deepest 
point  in  the  foundation  to  the  crest  is  112  ft.  The  length  across  the 
dam  site  at  the  crest  (Elevation  9  053)  is  700  ft.  The  reservoir  created 
has  a  capacity  of  17  000  acre-ft.,  and  is  capable  of  regulating  Eushi 
Creek  to  yield  an  estimated  average  flow  of  45  sec-ft.  The  drainage 
area  above  the  dam  is  22^  sq.  miles,  and  is  on  the  eastern  slope  of 
the   Sierra   Nevada   Mountains.     Its   elevation   ranges  from    9  000   ft. 


Agnew 

Lake 
.  Bcjtloin  8465 
J— Water  Line"    W  \  Outlet 


LIPLE-ARCH 
DAM 
AGNEW  LAKE 


ELEVATION 
Fig.  8. 


above  sea  level  at  the  dam  to  12  000  ft.  along  the  crest  of  the  moun- 
tains. The  precipitation  at  these  elevations  is  still  high,  but  decreases 
very  rapidly  from  the  foot  of  the  steep  mountains  out  over  the  desert 
immediately  east,  at  elevations  ranging  from  6  000  to  7  000  ft.  above 
sea  level. 

The  rock  at  the  dam  site,  for  the  most  part,  was  exposed  bed-rock 
worn  clean  by  glacial  action.  Some  excavation,  however,  was  neces- 
sary in  the  stream  bed  and  through  a  rock  slide  at  the  north  abutment. 
The  building  material  for  the  dam  was  found  near-by.  The  sand 
was  taken  from  the  shore  of  the  natural  lake.  The  rock  had  to  be 
hauled  a  short  distance  on  a  tramway,  first  from  the  outlet  tunnel 
dump  (limestone),  and  later  from  a  large  rock  slide  (granite)   about 
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2  500  ft.  away.  All  available  materials  in  the  neighborhood,  especially 
the  diflferent  sand  deposits,  were  tested  before  any  particular  material 
was  selected  for  construction.  As  the  sand  deposit  along  the  shore 
of  Gem  Lake  was  good,  it  was  used.  This  sand  was  first  pumped, 
and  later  shoveled,  from  the  lake,  and  transported  to  a  storage  pile 
near  the  mixing  plant.  This  lake  sand,  which  contained  3^%  of 
clay  and  1%  of  dirt,  was  mixed  with  the  sand  from  the  rock  crusher 
(all  particles  being  less  than  i  in.  in  diameter)  in  the  proportion  of 
about  three-fourths  of  lake  sand  to  one-fourth  of  crushed  rock  sand. 
This  gave  a  very  good  combination,  both  as  to  strength  and  water- 
tightness. 

Compression  tests  on  6-in.  cylinders  were  made  as  the  work  pro- 
gressed, using  Bear  brand  Portland  cement.  Gem  Lake  sand,  and 
crushed  rock,  in  the  proportions  1:2:4,  and  averaged  about  900  lb. 
per  sq.  in.  for  crushing  at  the  age  of  14  days. 

A  1:2:4  mix  was  adopted  for  the  arches  and  struts,  and  a  1 :  2J :  5 
mix  for  the  buttresses.  The  actual  proportions,  however,  were  some- 
times changed,  but  1^  bbl.  of  cement  for  the  arches,  and  li  bbl. 
for  the  buttresses  were  used  always.  The  rock  was  crushed  in  a 
gyratory  crusher,  and  separated  into  three  sizes  through  a  revolving 
screen  having  IJ,  |,  and  :|-in.  meshes.  The  rejects  from  the  screen 
went  into  a  jaw  crusher,  the  jaws  of  which  were  set  to  give  a  maximum 
size  of  2  in. 

The  distribution  of  the  concrete  to  the  different  arches  and 
buttresses   was   done   with   two-wheeled  push   carts   and   short   chutes. 

During  the  construction  period,  in  the  summers  of  1915  and  1916, 
tension  tests  were  made  of  cement  briquettes  in  a  small  field  labora- 
tory. Much  attention  was  also  paid  to  the  sand  used,  and  1 :  2  and 
1 :  3  mortar  briquettes  were  tested  frequently ;  silt  analyses  were  made 
as  the  work  progressed. 

The  reinforcement  placed  in  the  dam  consisted  of  high-carbon 
steel  bars,  either  corrugated  or  twisted.  As  the  position  and  details 
of  these  bars  are  fully  shown  in  the  figures,  no  further  explanation 
need  be  given. 

The  trees  standing  on  the  reservoir  site  were  cut  down,  sawed 
into  lumber  in  a  mill  erected  on  the  ground  by  the  contractors,  and 
used  for  the  forms.  Large  cone-bearing  trees  can  be  found  in  this 
neighborhood  up  to   Elevation   11  000  in  fairly  large  quantities,  but 
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Fig.  11. — Up-stream  Face  of  Agnew  Lake  Dam,  Showing  Spillway 
Openings  and  Inlet. 


Fig.  12. — Down-stream  Face  of  Agnew  Lake  Dam,  Showing  Single  Strut  and 
Buttresses,  and  Also  Coping  Along  Crest  of  Arch. 
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Fig.   13. — Gem  Lake  Dam. 


Fig.   14. — Gem  Lake  Dam,  Showing  Section  op  Up-stream  Form  being  Hoisted 
INTO  Place,  Also  Main  Upper  Runway  with  Branches  Along  Buttresses. 
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Fig.  17. — Gem  Lake  Dam.     Water  Level  35  Ft.  Above  Tunnel  Floor. 


Fig.   18. — Gem  Lake  Dam,   Showing   Runways   and  Concrete   Elevator. 
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not  of  the  best  quality.  The  lumber  proved  to  be  good  enough  for 
form  work,  was  used  green,  and  on  that  account  |  by  4-in.  battens 
were  placed  on  the  under  side  of  the  sloping  arch  to  avoid  the 
leakage  of  grout  between  the  boards  when  shrinkage  took  place.  These 
battens  also  helped  to  give  an  even,  circular  shape  to  the  outer  f  by 
12-in.  boards,  constituting  the  form  for  the  down-stream  face.  This 
sheeting  was  supported  on  2  by  6-in.  studs,  2  ft.  6  in.  apart,  toe-nailed 
to  the  wooden  arch  trusses  shown  in  Figs.  3  and  9.  These  trusses 
were  5  ft.  apart  in  elevation,  and  a  little  more  than  6^  ft.  apart, 
measured  along  the  arch  slope.  The  form  work  for  the  up-stream 
face  consisted  also  of  |  by  12-in.  boards  nailed  to  2  by  6-in.  studs, 
which  in  turn  were  nailed  to  circular  boards  at  regular  intervals.  This 
outside  form  was  held  away  from  the  inside  form  (down-stream  side) 
by  wooden  distance  pieces  of  the  proper  length,  which  pieces  were 
removed  just  before  the  concrete  reached  them. 

A  1 :  2  plaster  coat  of  cement  mortar  i  in.  thick  at  the  crest,  and 
increasing  to  |  in.  thick  80  ft.  below,  was  put  on  the  up-stream  face 
with  a  cement  gun. 

At  the  south  abutment  the  two  last  arches  are  provided  with  spill- 
way openings.  These  spillway  openings  can  be  closed  with  loose 
flash-boards.  This  it  is  proposed  to  do  toward  the  end  of  the  wet 
season,  so  as  to  fill  the  reservoir  to  within,  say  1  ft.  of  the  crest  of 
the  dam,  thereby  gaining  2  ft.  of  water  over  an  area  of  nearly  300 
acres.     The  spillway  is  shown  in  detail  on  Fig.  10. 

Cost. 
The  Gem  Lake  Dam  contains  8  537  cu.  yd.  of  concrete  and  82  tons 
of  reinforcing  steel.  The  pontract  price  was  $22  per  cu.  yd.,  including 
cement,  forms,  plastering  the  up-stream  face,  and  all  tools  and  mate- 
rials except  the  reinforcing  steel,  which  was  paid  for  as  an  extra 
at  the  rate  of  $110  per  ton  in  place.  The  excavation,  of  which  there 
was  only  a  limited  quantity,  was  also  paid  for  as  an  extra.  The  high 
cost  is  explained  by  the  fact  that  freight  rates  were  high,  and,  further, 
that  the  distance  frora  the  railroad  to  the  power-house  site  at  Silver 
Lake,  at  the  foot  of  the  steep  mountains,  was  nearly  60  miles  over 
desert  roads  with  heavy  grades.  From  the  power-house  site,  a  tram- 
way, approximately  4  500  ft.  long,  took  all  supplies  up  the  mountain 
side  to  Agnew  Lake,  1  250  ft.  above.     At  the  outlet  of  this  lake,  the 
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Agnew  Dam,  a  smaller  structure,  30  ft.  high  and  280  ft.  long,  similar 
in  design  to  the.  Gem  Lake  Dam,  but  having  only  one  strut,  was 
built  at  the  same  time  and  at  the  same  unit  prices,  in  order  to  increase 
the  capacity  of  the  natural  lake.  All  material  for  use  in  the  construc- 
tion of  the  Gem  Lake  Dam  was  brought  across  this  lake  on  a  barge, 
for  a  distance  of  about  2  000  ft.,  to  the  foot  of  another  tramway 
terminating  at  the  site  of  the  Gem  Lake  Dam,  550  ft.  higher  in 
elevation.  The  cost  of  these  tramways  was  not  included  in  the  price 
per  cubic  yard  for  concrete,  but  was  paid  for  as  an  extra.  These  tram- 
ways were  also  necessary  for  the  construction  of  the  pressure  pipes 
to  the  power-house,  one  from  Gem  Lake,  and  one  from  Agnew  Lake, 
and  would  have  had  to  be  built  independent  of  the  dams. 

For  the  long  haul  across  the  desert  from  the  Southern  Pacific 
Railroad  station  at  Benton,  Cal.,  to  the  power-house  at  Silver  Lake, 
six  75-h.p.  C.  L.  Best  tracklayers,  burning  distillate,  were  used,  each 
hauling  three  trailers.  The  net  load  was  as  close  to  20  tons  as  prac- 
ticable, and  the  time  necessary  to  make  one  round  trip  was  about  6 
days  of  12  hours,  including  loading,  unloading,  and  ordinary  delays. 
The  speed  per  hour  of  these  tracklayers  was  24  miles  on  high  gear, 
and  li  miles  on  low  gear.  The  contractors  found  that  the  cost  to 
them  for  hauling  this  distance  was  at  the  rate  of  $13.50  per  ton.  The 
hauling  of  the  cement  aiid  materials  for  the  dams  was  not  paid  for 
extra,  but  included  in  the  price  for  concrete  in  place. 

A  rock  fill  dam  on  the  same  site  would  have  had  to  be  built  for 
$2.15  per  cu.  yd.  (construction  cost),  including  the  water-tight  face 
and  hand-laid  rock,  in  order  to  be  on  equal  terms,  as  to  cost,  with 
the  multiple-arch  dam  built.  In  the  writer's  opinion,  this  would  not 
have  been  possible  in  this  place.  In  any  locality  where  cement  can 
be  laid  down  at  less  cost  than  in  this  case,  the  relative  cost  of  a 
multiple-arch  dam  and  a  rock  fill  dam  will  be  still  more  in  favor  of 
the  multiple-arch  dam. 

The  writer  furnished  the  designs  and  also  supervised  the  con- 
struction of  the  dams. 

Mr.  C.  O.  Poole  was  Chief  Engineer  for  the  whole  development, 
E.  J.  Waugh,  Assoc.  M.  Am.  Soc.  C.  E.,  was  Resident  Engineer, 
L.  B.  Curtis,  M.  Am.  Soc.  C.  E.,  Field  Engineer,  and  Mr.  F.  O. 
Dolson,  Superintendent  of  Construction. 

Messrs.  Duncanson  Harrelson  Company,  of  San  Francisco,  were 
the  contractors  for  both  dams. 
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Synopsis. 

This  paper  presents  the  method  of  making  successful  cement  joints 
in  cast-iron  water  mains. 

A  brief  history  of  the  use  of  this  joint  establishes  the  fact  that 
this  method  of  construction  has  long  since  passed  the  stage  of  experi- 
ment, and  has  been  proved  to  be  an  economic  factor  in  laying  such 
mains. 

The  process  of  making  the  joints  is  described  and  illustrated,  some 
experiments  in  jointing  are  described,  cases  showing  the  strength  of 
cement  joints  under  trying  conditions  are  cited,  and  data  relating 
to  cost,  etc.,  are  presented. 


About  1886  a  cast-iron  pipe  line  for  water  distribution  was  laid 
with  cement  joints  at  Eedlands,  Cal.,  and  in  1891  joints  of  that  kind 
were  used  at  Los  Angeles,  Cal.,  but  evidently  with  questionable  results, 
as  the  method  was  not  adopted.  In  January,  1907,  Mr.  Charles 
Thornburg,  then  Superintendent  of  one  of  the  water  companies  oper- 
ating in  Long  Beach,  Cal.,  decided  to  try  cement  joints  for  a  16-in. 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meetin;?, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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cast-iron  pumping  main,  and  instructed  his  foreman  of  construction, 
Mr.  F.  M.  Shrode,  to  conduct  some  experiments. 

No  definite  process  was  outlined  to  the  foreman,  but  his  experiments 
and  practice  in  repairing  steel  riveted  water  mains  under  pressure, 
by  using  a  dry  mixture  of  neat  cement  in  caulking  the  bands  around 
these  pipes,  gave  him  an  idea  that  a  moist  cement  could  be  caulked 
into  the  bell  solidly,  and  would  produce  the  results  desired.  It  was 
probably  Mr.  Shrode,  who,  by  this  experiment,  finally  perfected  the 
joint  and  used  it  in  the  construction  of  the  entire  line.  When  this 
line  was  completed  and  put  into  service,  working  under  a  static  head 
of  about  190  ft.,  several  places  showed  some  seepage,  particularly  at 
the  lower  end  of  the  line,  where  the  work  was  started,  and  it  was 
decided  to  re-caulk  these  joints  at  the  first  opportunity;  it  was  noticed, 
however,  that  the  moisture  was  gradually  drying  wp,  and  the  seepage 
finally  ceased. 

Cast-iron  construction  was  then  abandoned  by  this  company  until 
1911.  During  that  year  the  works  came  into  the  possession  of  the 
municipality,  and  the  writer  was  appointed  Engineer  of  the  Water 
Department.  After  looking  into  the  merits  of  the  cement  joint,  as 
used  on  this  16-in.  pumping  main,  it  was  adopted  as  the  proper  method 
of  construction,  and  since  that  time  it  has  been  used  throughout  the 
entire  system. 

Long  Beach  now  has  60  miles  of  cast-iron  water  mains,  ranging 
from  4  to  24  in.  in  diameter,  laid  with  joints  of  this  type.  All  these 
pipes  are  under  pressures  ranging  from  40  to  80  lb.  per  sq.  in.,  and 
are  giving  perfect  satisfaction. 

Method  of  Making  the  Joint. 
In  making  the  cement  joint  the  pipe  is  placed  and  spaced  in  the 
usual  manner.  A  thin  backing  of  the  best  dry  jute  is  used  instead  of 
oakimi,  as  the  jute  is  free  from  oils  and  grease  (which  should  be 
avoided).  A  Portland  cement,  conforming  to  the  specifications  advo- 
cated by  the  American  Society  for  Testing  Materials,  is  used.  The 
dry  cement  is  placed  on  a  piece  of  canvas  (usually  a  cement  sack  ripped 
open),  and  moistened  just  so  that  when  thorouglily  mixed  by  hand 
(Fig.  1)  it  will  be  of  such  a  consistency  that  when  gripped  tight  it 
will  hold  the  form  of  the  hand  (Fig.  2),  and  when  dropped  12  in.  it 
will  crumble   (Fig.  3).     The  canvas  containing  the  cement  is  placed 
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under  the  bell,  and  the  cement  is  tamped  into  place  by  hand  with  a 
caulking  iron  until  the  bell  is  about  half  full  (Fig-.  7).  It  is  then 
caulked  with  heavy  blows  until  the  cement  is  thoroughly  packed  in  the 
back  of  the  socket.  This  process  is  continued  until  the  bell  is  packed 
solid  out  to  the  face  (Fig.  8).  A  small  bead  of  neat  cement  in  a 
plastic  condition  is  then  put  on,  using  the  caulking  iron  as  a  trowel 
(Fig.  9).  As  soon  as  the  initial  set  of  the  cement  in  the  bead  has 
taken  place,  the  joint  is  covered  with  earth  to  protect  it  from  the  air 
and  sun.  In  back-filling,  the  excavated  material  is  always  settled  with 
water,  which  helps  to  cure  the  exposed  portion  of  the  joint. 

The  bead  is  essential,  in  the  writer's  opinion,  as  the  cement  packed 
in  the  bell  is  so  dry  that  without  protection  it  would  absorb  moisture 
from  the  water  used  in  settling  the  trench,  and  it  is  believed  that, 
should  the  joint  develop  seepage  when  the  pressure  is  put  on  in  the 
main,  the  cement,  being  dry,  would  expand  and  aid  materially  in  keep- 
ing the  joint  tight. 

Experiments  on  cement  joints  constructed  without  the  bead  showed 
that,  24  hours  after  completion,  they  absorbed  water  readily.  In  cases 
where  seepage  has  developed  and  has  subsequently  closed,  it  is  assumed 
that  the  dry  cement  absorbed  the  moisture  from  the  inside,  expanded. 
and  filled  the  seepage  pores. 

About  20%  of  the  cement  is  wasted  by  falling  off  the  canvas  or 
being  thrown  out  by  the  caulker.  If  any  dust  or  earth  from  the  trench 
falls  on  the  canvas  or  in  the  cement,  it  is  immediately  taken  out, 
together  with  enough  cement  to  make  sure  that  the  remainder  is  clean. 
In  mixing  the  cement  with  water,  care  is  taken  that  there  shall  be  ud 
lumps  in  the  material,  no  matter  how  small.  If  any  cement  is  left 
on  the  canvas  when  a  joint  is  completed,  it  is  used  on  the  next  joint, 
provided  the  work  is  continuous,  otherwise  new  batches  are  made. 
Special  blunt  caulking  tools  are  used  (Fig.  4). 

The  joint  is  allowed  to  stand  48  hours  before  the  pressure  is  turned 
on  and  the  main  is  put  into  regular  service.  Cement  joints  have  been 
used  with  satisfactory  results,  however,  12  hours  after  completion,  but 
this  is  not  considered  safe  practice.  Pressure  tests  are  never  made  by 
the  writer  prior  to  putting  a  main  into  service. 

At  San  Diego,  Cal.,  a  pressure  test  was  made  by  caulking  a  6-in. 
cast-iron  tee,  one  side  of  the  tee  being  filled  with  a  plug  and  each  of 
the  two  ends  filled  with  short  lengths  of  cast-iron  pipe  with  plugs  caulked 
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in  the  ends.  As  the  pieces  of  pipe  caulked  in  the  tee  were  scrap  ends 
cut  from  other  pipes,  they  had  no  bead  on  the  joint  end,  and,  notwith- 
standing the  fact  that  the  joint  was  made  with  smooth  pipe,  it  took  a 
pressure  of  more  than  300  lb.  per  sq.  in.  to  force  the  pipe  out.  The 
test  was  made  about  48  hours  after  the  joint  was  made. 

In  another  test,  made  at  Winnipeg,  Man.,  three  lengths  of  6-in. 
pipe  were  laid  with  four  cement  joints,  on  January  13th,  1916.  After 
6  days,  pressure  was  put  on  the  pipe,  in  increments  of  25  lb.,  and  the 
joints  were  found  to  show  no  leakage  or  moisture,  up  to  125  lb.  At 
150  lb.  one  joint  showed  moisture  on  the  surface  of  the  cement. 

On  January  24th  another  test  was  made,  and  at  one  joint  moisture 
appeared  at  175  lb.  On  January  31st  this  joint  showed  moisture  with 
200  lb.,  and  also  on  March  15th,  with  a  pressure  of  255  lb.  This  joint 
was  the  weakest  of  the  four.  The  pressure  was  kept  on  the  pipe  about 
one-half  hour  in  each  case. 

Fig.  5  is  a  section  of  a  joint  made  with  a  cut  piece  of  pipe,  and 
shows  the  position  of  the  jute  and  the  cement  when  there  is  no  caulk- 
ing rim  or  bead  on  the  end  of  the  pipe  (as  in  the  San  Diego  test). 
The  cement  bead,  as  shown  in  Fig.  5,  was  made  larger  than  usual,  and 
covers  the  entire  face  of  the  bell,  though  normally  it  covers  only  about 
one-half. 

The  strength  and  rigidity  of  the  cement  joint  are  shown  by  the 
following  instances  where  cast-iron  mains  have  been  subjected  to  severe 
tests:  A  new  trenching  machine  was  being  tested  by  a  sewer  con- 
tractor in  Long  Beach,  Cal.  It  operated  parallel  with  and  5  ft.  from 
a  6-in.  cast-iron  water  main,  with  cement  joints,  which  had  been 
laid  in  January,  1915.  The  trench  dug  by  this  machine  was  3  ft. 
wide  and  18  ft.  deep.  Some  time  before  noon  on  February  1st,  1915, 
the  side  of  the  trench  next  to  the  water  main  caved  in,  leaving  about 
40  ft.  of  the  pipe  hanging  and  supporting  about  2i  ft.  of  earth  on  top 
of  it.  This  condition  was  not  reported  until  the  next  morning,  and 
at  nine  o'clock  braces  were  put  in  to  support  the  pipe.  The  main  was 
under  a  pressure  of  about  65  lb.  per  sq.  in.  at  the  time.  There  was 
not  the  slightest  seepage  from  any  of  the  joints  as  result  of  this  strain. 
Again,  in  June,  1915,  94  ft.  of  4-in.  cast-iron  pipe  with  cement 
joints  fell  into  a  sewer  trench,  as  the  result  of  a  cave-in  under  condi- 
tions similar  to  those  just  described.  This  pipe  was  under  a  pressure 
of  about  55  lb.  per  sq.  in.    At  one  end  it  broke  at  a  service  connection ; 
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Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  5. 


Fig.  6. 
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at  the  other  end  it  broke  near  the  spigot  end  of  a  pipe,  about  8  in. 
from  the  joint,  letting  the  whole  94-ft.  section  fall  into  the  trench. 
In  this  case  every  cement  joint  remained  intact.  This  line  had  been 
laid  in  March,  1913. 

Several  thousand  feet  of  8  and  10-in.  cast-iron  water  mains  with 
cement  joints  have  been  laid  in  made  ground,  the  fill  being  silt  from 
the  dredging  of  harbor  channels;  also  several  thousand  feet  of  8-in. 
cast-iron  pipe  have  been  laid  in  fine  beach  sand;  all  are  giving  perfect 
satisfaction.  An  8-in.  cast-iron  main  with  cement  joints  was  laid  in 
filled  ground  (the  soil  being  clay)  with  only  6  in.  of  covering  above 
the  pipe  when  the  line  was  put  in  service;  the  fill  was  then  completed 
to  18  in.  above  the  top  of  the  pipe,  and  was  rolled  with  a  14-ton  steam 
road  roller,  without  causing  the  slightest  seepage  in  any  of  the  joints. 
The  rolling  was  done  preparatory  to  paving  the  street  in  which  the 
pipe  was  laid.  This  was  a  very  severe  test  of  the  merits  of  the  cement 
joint.  At  the  time  this  rolling  was  done,  had  any  seepage  developed, 
it  would  have  been  readily  detected,  as  the  whole  line  was  within  3 
ft.  of  the  edge  of  the  fill.  The  fill  was  completed  to  a  width  of  80  ft., 
3  months  later,  leaving  the  pipe  12  ft.  from  the  center  of  the  street. 

In  several  instances  a  cast-iron  main  laid  with  cement  joints  has 
settled  3  in.,  or  probably  more,  in  loose  or  filled  ground,  without 
developing  any  leakage.  In  fact,  there  is  only  one  case  that  the  writer 
can  recall  where  the  cement  joint  was  not  satisfactory.  This  was  in  a 
6-in.  cast-iron  main  on  a  dock,  about  3  ft.  from  a  railroad  track. 
Many  joints  in  this  pipe  have  developed  seepage,  and  some  have  small 
pin  leaks,  but  the  leakage  is  not  considered  serious  enough  to  warrant 
closing  down  the  line  for  re-construction.  This  failure  may  be  due 
to  faulty  construction,  as  the  pipe  was  laid  when  the  making  of 
cement  joints  was  in  its  infancy.  However,  the  main  is  situated  so 
that  it  cannot  be  entirely  covered. 

Removing  Cement-Jointed  Pipes. 
Fig.  6  shows  a  completed  joint.  The  cement  joint  can  be  taken 
apart  in  a  very  simple  and  economical  way.  The  pipe  is  uncovered 
about  one-half,  or  a  little  below  the  center.  At  the  joint  where  the 
original  bell-hole  was  dug,  the  trench  is  usually  made  wider  on  the 
sides  (but  not  deeper  under  the  pipe),  in  order  to  permit  the  caulker 
to  work  at  the  joint.     The  upper  half  of  the  joint  is  cleaned  out  with 
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a  cape-chisel;  then,  with  tripod  and  blocks,  the  free  end  of  the  pipe  is 
raised  until  the  lower  half  of  the  joint  breaks  free  from  the  bell.  The 
pipe  seldom  has  to  be  pulled  out  of  the  bell,  as  it  nearly  always  works 
itself  out  as  the  free  end  is  lowered.  If  portions  of  the  cement  stick 
to  the  spigot  end  of  the  pipe,  or  fail  to  be  entirely  crushed  in  the  bell, 
it  is  a  very  simple  matter  to  clean  out  the  bell  with  a  cape-chisel,  or 
knock  the  cement  from  the  spigot  with  a  hammer. 

On  occasions,  after  a  joint  has  been  cemented  tight  in  the  line, 
it  is  necessary  to  cut  it  out  entirely  (such  as  for  laying  a  valve  on  its 
side;  turning  a  tee  or  Y  in  another  direction;  adjusting  a  tee  to  con- 
form to  or  meet  a  grade;  avoiding  a  sewer  connection  or  any  other 
unforeseen  obstacle).  Table  1  has  been  compiled  from  records  of  the 
actual  time  spent  in  doing  such  work. 

TABLE  1. — Time  Eequired  for  One  Man  to  Dig  Out  a  Complete 
Cement  Joint,  Without  Kemovinc;  the  Fitting  or  Gates  from 
THE  Line. 


Size. 

•      Time. 

4  in. 

18 

ruin. 

6  '• 

22 

" 

8  " 

2t5 

" 

10   ■' 

30 

" 

12   •■ 

38 

" 

14   '• 

48 

'■ 

16   •■ 

60 

'■ 

TABLE  2. — Data  Kelative  to  Cement  Joints. 


Size  of  pipe, 
in  inches. 

Rings  of  jute 
per  joint. 

Jute  per  joint, 
in  pounds 

Number  of  joints 
per  94-1  b.  sack  of 

Number  of  joints 
per  8-liour  day 

(approximate). 

cement.* 

(one  caulker). 

4 

2 

0.14 

24 

50 

6 

0 

0.19 

18 

42 

8 

2 

0.24 

14 

84 

10 

3 

0.4-^ 

11 

28 

12 

3 

0.51 

8 

24 

14 

3 

0.58 

7 

20 

16 

3 

0.66 

6 

17 

18 

3 

0.73 

5 

14 

20 

3 

0.80 

4 

11 

24 

3 

0.95 

3 

7 

Including  the  20%  of  cement   wasted  or  left  over. 
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The  writer  has  never  cut  out  a  joint  on  a  main  of  greater  diam- 
eter than  16  in.  It  is  fair  to  assume  that  to  cut  out  the  upper  half  of 
a  joint,  for  the  purpose  of  removing:  a  pipe,  would  take  only  one-half 
the  time  indicated  in  Table  1. 

At  Long  Beach  unit  costs  have  been  kept  on  all  construction,  cover- 
ing- nearly  the  entire  60  miles  of  cast-iron  water  mains.  Table  2 
has  been  carefully  compiled  from  these  unit  costs,  and  presents  data 
concerning  cement  joints. 
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EARTH  PRESSUEES:  A  PRACTICAL  COMPARISON 

OF  THEORIES  AND  EXPERIMENTS 

Discussion.* 


By  L.  D.  Cornish,  M.  Am.  Soc.  C.  E.f 


L.  D.  C0RNISH4  M.  Am.  Soc.  C.  E.  (by  letter). §— Mr.  Cain  corrects  Mr. 
the  writer's  Sections  15  (Cain)  and  23,  by  stating  that,  for  these  cases,  '°™'"  • 
where  the  inner  face  of  the  wall  lies  below  his  (Cain's)  limiting  plane, 
the  Rankine  method  alone  applies.  Such  corrections  are  justified  by 
his  own  publications,  but  the  sections  as  given  are  correctly  computed 
from  the  equations  derived  from  the  Cain  theories,  by  Professor 
Ketchum,  who,  like  the  writer,  probably  was  unfamiliar  with  the  Cain 
theory  of  the  "limiting  plane". 

Mr.  Cain  discusses  briefly  the  Rankine  sections  of  Figs.  11  and  12, 
and  states  that  for  years  he  had  pointed  out  the  inaccuracy  of  the 
Rankine  method  when  applied  to  walls  with  vertical  backs,  the  earth 
being  level  at  the  top.  He  extends  this  criticism  further  (E.  P.  p.  19) 
by  stating  his  conclusion  drawn  from  experiments  "that  the  direction 
of  the  thrust,  as  given  by  Rankine,  is  never  experienced  in  walls  at 
the  limit  of  stability,  except  where  the  surface  slopes  at  the  angle  of 
repose." 

Though  the  writer's  Figs.  11,  12,  and  13,  Rankine,  and  Curves  1, 
2,  2a,  and  2&,  of  Fig.  24,  do  not  in  any  way  verify  Mr.  Cain's  conclu- 
sions, they  certainly  indicate  the  inconsistency  and  unreliability  of 
the  Rankine  theory  and  formulas  when  applied  to  walls  with  vertical 
backs.     For  walls  with  stepped  or  battered  backs,   such  as  Figs.   15 

*  Discussion  of  the  paper  by  L.  D.  Cornishi,  M.  Am.   Soc.  C.  E.,  continued  from 
November,  1916,  Proceedings. 
t  Author's  closure. 
t  Cincinnati,  Ohio. 
§  Received  by  the  Secretary,  February  14th,  1917. 
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Mr.     and  23,  with  large  angles  of  surcharge,  the  Cain  analysis,  as  shown 


Cornish 


by  its  author,  is  inapplicable,  and  the  Rankine  method  must  be  used. 

Mr.  Cain  also  states  that  the  writer  is  unwarranted  in  his  assump- 
tion that  the  variation  of  p,  in  Figs.  2  to  8,  offers  any  criterion 
for  judging  of  what  the  variation  should  be  for  Figs.  9  to  15,  and, 
to  substantiate  his  statement,  offers  certain  arguments  based  apparently 
in  part  on  the  assumption  that  conclusions  relative  to  walls  10  ft. 
high  should  not  be  based  on  the  experimental  data  of  Leygue  for 
retaining  boards  8  in.  high.  If  such  was  his  intention,  it  is  due  to 
a  misunderstanding  of  the  writer's  criticism,  as  it  is  plainly  evident 
that  the  variation  in  p  is  entirely  independent  of  the  height  of  the 
walls.  The  writer  criticised  the  Cain  formulas  in  only  two  particulars : 
one  was  with  reference  to  Figs.  14  and  15  (Cain),  being  but  slightly 
larger  than  Figs.  7  and  8,  which  is  explained  b.y  the  limiting  plane 
theory,  which  necessitates  the  use  of  the  Rankine  theory  for  Fig.  15. 
The  other  criticism  was  that  the  Cain  formula  produced  a  section 
(Fig.  11.  Cain)  larger  than  Fig.  10  (Cain),  whereas  a  smaller  section 
might  reasonably  be  expected  because  the  experimental  section,  Fig. 
4,  is  smaller  than  the  section  shown  by  Fig.  3.  It  is  not  apparent 
how  cohesion  can  account  for  such  a  variation. 

The  experiments  of  Dr.  Miiller-Breslau,  cited  by  Mr.  Braune,  are 
extremely  interesting,  and  indicate  quite  conclusively  that  the  slope 
of  the  surface  has  little  or  no  influence  on  the  slope  of  the  resultant 
earth  pressure.  It  is  to  be  hoped  that  Mr.  Braune's  proposed  experi- 
ments will  develop  some  valuable  data  on  the  vexatious  question  of 
the  direction  of  the  resultant  pressure. 

The  writer  trusts  that  the  paper  and  discussions  have  been  of  so)ne 
material  benefit  in  emphasizing  the  necessity  for  systematic  experi- 
mentation imtil  sufficient  data  are  obtained  to  permit  the  development 
of  working  formulas  on  which  all  members  of  the  Engineering  Pro- 
fession can  agree;  and  he  herewith  tenders  his  thanks  to  the  gentlemen 
who  have  so  kindly  co-operated  with  him  by  engaging  in  the  discussion. 
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THE  VALUATION  OF  LAND 
Discussion.* 


By  William  J.  Boucher,  Assoc.  M.  Am.  Soc.  C.  E. 


William  J.  Boucher,!  Assoc.  M.  Am.   Soc.   C.  E. — The  speaker      Mr. 
desires  to  present  a  few  thoughts  regarding  the  peculiarities  of  cer-  ^""*'  ^^' 
tain  sections  in  cities  which  seem  to  have  a  direct  bearing  on  valuation. 

One  of  the  busiest  retail  business  streets  in  Manhattan  (New  York 
City)  is  42d  Street,  and  every  day,  including  Sundays,  its  sidewalks 
are  filled  with  pedestrians  and  the  roadway  with  cars  and  vehicles. 
Between  Fourth  and  Eighth  Avenues,  during  the  past  10  years,  there 
liave  been  erected  several  high-grade  office  buildings,  one  first-class 
department  store,  numerous  smaller  stores,  some  excellent  hotels  and 
restaurants,  several  banks,  the  Central  Public  Library,  and  the  New 
York  Central  Terminal  Station.  All  these  tend  to  make  this  one  of 
the  most  popular  and  attractive  streets  in  the  city,  and  the  rentals, 
and  consequently  the  valuations,  are  high.  Contrast  it  with  41st 
Street  (Fig.  6),  only  200  ft.  away  and  parallel  with  it.  True,  it  is 
not  a  through  street,  but  though  this  affects  vehicular  traffic,  it  is 
strange  that  the  street  contains  so  little  to  attract  the  pedestrian.  In 
the  400  ft.  between  .Madison  and  Fifth  Avenues,  there  is  only  one 
high-grade  office  building.  This  has  a  frontage  of  50  ft.,  is  100  ft. 
deep,  and  20  stories  high.  It  enjoys  close  contact  with  the  Rapid 
Transit  Subway,  as  one  has  merely  to  cross  the  street  and  enter  the 
building  on  the  opposite  side,  which  has  a  subway  entrance  on  its  42d 
Street  front.  The  remainder  of  the  block  is  occupied  with  small 
shops,  restaurants  for  light,  noon-day  refreshments  and  other  estab- 
lishments paying  small  rents. 

*  Discussion  of  the  paper  by  L.  P.  Jerrard,  Jun.  Am.  Soc.  C.  E.,  continued   from 
February,  1917,  Proceedings. 
t  Long  Island  City,  N.  Y. 
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Again,  consider  43d  Street,  which  is  200  ft.  to  the  north  of  42d 
Street.  It  is  a  thoroughfare  from  the  Grand  Central  Station  to  the 
Hudson  River,  but  it  has  practically  no  retail,  or  other  business  to 
make  large  rentals  or  valuations.  It  is  given  over  largely  to  clubs 
and   other   buildings   where   gatherings   can   be   accommodated.      One 
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Fig.  5. 

office  building  fronting  on  42d  Street,  with  a  subway  entrance  in  front 
of  its  door,  has  an  "Annex"  building  on  43d  Street.  The  buildings 
are  connected  by  a  through  corridor  giving  the  "Annex"  the  full 
privileges  and  benefits  of  the  42d  Street  entrance,  but  the  rentals  are 
considerably  less  than  those  for  the  42d  Street  front.     The  contrasts 
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of  these  two  contiguous  streets  (41st  and  43d),  so  close  to  42d  Street,      Mr. 
form  an  interesting  study.  Houcher. 

Reference  is  made  in  the  paper  to  the  advantages  of  transporta- 
tion, and  it  does  seem  as  though  that  is  the  originating  feature  of 
value  of  land,  although  the  speaker  makes  no  claim  to  being  an  expert. 
One  location  stands  out  prominently,  viz.,  149th  Street  and  Third 
Avenue,  and  vicinity,  in  the  Borough  of  the  Bronx,  which  is  a  goodly 
distance  from  "down  town",  yet,  through  the  influence  of  good  transit 
facilities  (both  "Subway"  and  "Elevated",  as  well  as  surface  cars), 
there  has  grown  up  in  that  section  in  the  12  years  since  the  subway 
was  opened  to  traffic,  a  very  busy  retail  business  center,  where  rentals 
must  be  quite  high.  Comparing  this  location,  about  5|  miles  from 
42d  Street,  with  its  good  transit  facilities,  with  another  location  only 
about  IJ  miles  from  the  Grand  Central  Station,  which  has  until 
recently  had  only  the  poorest,  or  practically  no,  transit,  and  the  con- 
trast is  remarkable.  This  other  location  is  in  the  Borough  of  Queens, 
directly  across  from  42d  Street.  It  is  true,  it  is  separated  from  Man- 
hattan by  the  East  River  and,  until  recently,  that  stream  formed  a 
most  effectual  barrier  to  progress.  Two  ferries,  one  at  34th  and  another 
at  92d  Street,  gave  occasional  access  across,  and  brave  was  the  pioneer 
who  had  his  home  or  his  business  there.  About  10  years  ago,  surface 
ear  service  was  established  over  the  Queensboro  Bridge  from  59th 
Street,  Manhattan,  to  Queens,  but  not  until  the  Steinway  or  Queens- 
boro Subway  was  opened,  in  June,  1915,  with  its  free  transfer  privilege 
to  the  main  subway  line,  could  it  be  said  that  rapid  transit  existed 
there. 

On  the  river  front  opposite  Manhattan,  from  45th  to  59th  Streets, 
there  still  remain  large  tracts  suitable  for  wharves  and  warehouses, 
and,  farther  inland,  there  are  other  large  tracts,  with  railroad  facili- 
ties, and  now  served  with  rapid  transit,  simply  waiting  to  be  developed 
with  industrial  establishments  of  every  kind,  with  desirable  locations 
for  workingmen's  homes  near-by.  These  tracts  may  be  had  on  very 
favorable  terms,  and  the  valuations  are  low  when  compared  with 
other  localities  much  farther  removed  from  the  business  centers  of 
Manhattan. 

It  is  very  unfortunate  that  real  estate  in  the  Borough  of  Man- 
hattan, which,  for  so  many  years,  has  been  considered  a  safe  and 
desirable  investment,  should  have  proved  so  unstable  and  shifty  in  the 
past  10  or  15  years.  Since  the  advent  of  the  modern,  steel  skeleton 
building,  with  its  cheap  curtain  walls  and  concrete  floors,  it  has 
offered  peculiar  inducements  for  the  manufacture  of  garments  of 
white  goods  and  clothing,  in  which  lines  large  numbers  of  men  and 
women  are  employed.  This  line  of  manufacturing,  until  quite  re- 
cently, was  conducted  in  the  district  south  of  14th  Street,  in  buildings 
of  the  old  type  so  common  all  through  that  section.     About  10  years 
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Mr.  ago,  many  progressive,  but  unfortunately,  as  it  proved,  misguided 
owners  or  speculators  seized  upon  the  section  north  of  14th  Street, 
and,  in  practically  every  east  and  west  street,  erected  many  of  the 
so-called  "modern  loft"  buildings  of  ten  and  twelve  stories,  in  which 
these  garment  trades  are  housed.  The  thousands  of  operatives  are 
mainly  recruited  from  the  recently  arrived  immigrants,  and.  during 
the  noon  hour  and  at  opening  and  closing  hours,  the  sidewalks  and 
streets  literally  are  covered  with  the  slow-moving,  jostling,  noisy 
swarms.  At  the  time  this  movement  of  these  trades  was  taking  place, 
an  entirely  different  movement  was  under  way.  The  department 
stores  which,  15  years  ago,  were  on  14th  Street  and  on  Sixth  Avenue, 
north  of  14th  Street,  and  on  23d  Street,  began  to  move  to  newer  and 
more  commodious  quarters  in  the  vicinity  of  33d  and  34th  Streets, 
Sixth  Avenue,  and  Broadway,  and  a  little  later  to  Fifth  Avenue, 
north  from  34th  Street.  Thus,  the  new  "loft"  district  and  depart- 
ment store  district  overlapped  and  conflicted  to  such  an  extent  that 
the  very  existence  of  the  department  stores  was  threatened  by  the 
swarms  of  noon-day  loiterers  from  the  "lofts",  who  slowly  wandered 
up  and  down  and  along,  completely  blocking  the  passage  of  would-be 
patrons  of  the  stores. 

The  nuisance  was  so  great  that  the  "Save  New  York"  movement 
has  become  a  reality,  and  is  already  bearing  fruit.  The  first  result 
was  the  legal  zoning  of  the  city,  during  1916,  by  which  the  character 
of  various  districts  will  be  restricted,  and  in  the  different  "zones"  cer- 
tain restrictions  will  apply,  which  will  prevent  the  intrusion  of  busi- 
nesses or  trades  into  districts  which  would  have  their  real  estate  values 
impaired  or  ruined  by  such  intrusion.  The  "Save  New  York"  move- 
ment is  considerably  different  from  the  zoning  plan  in  that  it  involves 
a  drastic  remedy  for  existing  evils  in  the  district  bounded  by  32d 
Street  (north  side)  to  59th  Street,  and  from  Third  to  Seventh  Avenue. 
In  brief,  the  scheme  of  the  Committee  was:  To  persuade  manufac- 
turers who  contemplated  moving  into  this  zone  to  stay  out;  to  induce 
those  manufactvirers  already  in,  to  move  out;  and  to  stop  the  erection 
of  new  manufacturing  "lofts"  in  the  zone  bounded  as  described.  An 
agreement  was  also  made  by  buyers,  to  give  the  preference  in  buying 
goods  to  those  concerns  who  do  not  manufacture  in  this  zone,  this 
measure  to  take  effect  on  February  1st,  1917.  The  response  to  the 
Committee's  appeal  was  immediate,  and  up  to  January  1st,  1917,  the 
following  results  have  been  accomplished:  First,  not  a  single  new 
lease  for  manufacturing  purposes  has  been  made  in  the  zone;  second, 
not  a  single  new  building  for  manufacturing  purposes  has  been 
erected  in  the  zone;  and  third,  all  but  20  firms,  out  of  a  total  of  225 
now  manufacturing  in  the  zone,  have  agreed  to  move  out  at  the 
expiration  of  their  leases,  at  various  times  during  1917,  1918  and  1919. 
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Thus   the  future  of   the   district   is  assured  by  the  new   "zoning"      Mr. 
plan,   although   tenants   of   a   different   class   must  be   found   for   the 
buildings  already  erected  which  will  be  vacated. 

Referring  again  to  the  comment  that  it  is  cheap,  convenient,  and 
frequent  transit,  which  apparently  forms  the  basis  of  land  values  in 
the  first  instance,  there  are  many  persons  who  well  remember  when 
the  districts  lying  north  of  59th  Street,  Manhattan,  were  sparsely 
settled,  where  rocky  hillsides  and  trees  abounded  and  where  goats 
roamed  at  will  in  and  around  the  shanties  of  the  "squatters"  who  were 
the  first  settlers.  At  that  time  the  means  of  transit  were  confined  to 
horse  cars  and  omnibuses,  and  as  the  time  required  to  travel  from  the 
business  sections  at  or  around  the  City  Hall  to  the  neighborhood  of 
59th  Street  was  fully  one  hour,  it  was  about  all  that  the  patience  or 
the  physical  health  of  the  passengers  could  endure,  as  the  cars  were 
not  heated  and  the  feet  found  cold  comfort  in  the  straw  loosely  placed 
on  the  floors  in  winter.  The  elevated  railway  system  was  opened  for 
trafiic  before  1880,  and  by  1884  had  reached  Harlem,  and  with  its 
advent  came  the  buildings  and  the  people  to  fill  them.  A  later  instance, 
within  the  memory  of  all,  is  the  Washington  Heights  Section  of  Man- 
hattan and  the  sections  of  the  Bronx  made  readily  accessible  by  the 
subway  opened  in  1904.  Until  that  date,  only  surface  cars  reached 
those  districts,  but  during  the  first  5  years  after  the  trains  began 
running  entire  neighborhoods  were  transformed  from  open  vistas  and 
low  valuations  to  closely  built  blocks  of  buildings  with  much  en- 
hanced values. 

Again,  this  matter  of  the  influence  of  transit  facilities  is  very 
noticeable  in  Chicago.  The  four  elevated  railroad  main  lines  are  the 
Northwestern  serving  the  "North  Side"  and  northwest  section,  the 
Oak  Park  (Lake  Street)  and  Metropolitan  serving  different  sections 
of  the  "West  Side"  and  the  South  Side  line  serving  the  southern  and 
southwest  sections.  Each  has  a  very  heavy  morning  and  evening  rush- 
hour  traffic.  The  four  lines  reach  the  business  section,  as  shown  on 
the  map  and  there  jointly  use  the  "Union  Loop"  on  Wabash  Avenue, 
Lake  Street,  Fifth  Avenue,  and  Van  Buren  Street.  The  "Loop"  was 
opened  for  traffic  in  1897  and,  until  recently,  all  trains  entering  it 
passed  entirely  around  it  and  left  it  at  the  point  of  entrance.  It  was 
merely  a  joint  terminal,  and  fares  began  and  terminated  there;  if  a 
passenger  desired  to  continue  his  ride,  he  left  one  train,  went  into  and 
through  a  station,  paying  another  fare  and  boarded  the  train  of  another 
company  also  stopping  at  that  station  platform.  During  the  past  3 
years,  however,  "through  routing"  has  gone  into  effect,  by  which  trains 
are  run  through  from  the  North  to  the  South  Side  and  vice  versa. 
and  free  transfers  are  issued  from  both  these  lines  to  the  "West  Side" 
lines. 
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Mr.  The  "Loop"  has  been  termed  both  a  blessing  and  a  curse.     In  the 

first  instance  it  provided  a  splendid  terminal  arrangement  for  all 
trains,  from  whatever  section,  giving  preference  to  none  and  permit- 
ting passengers  the  maximum  of  convenience  in  the  matter  of  reach- 
ing the  down-town  section,  but,  on  the  other  hand,  it  has  undeniably 
had  the  effect  of  creating  the  most  congested  business  section  in  the 
United  States.  From  Wabash  to  Fifth  Avenues  is  about  2  000  ft., 
and  between  Lake  Street  and  Van  Buren  Street  is  approximately 
3  100  ft.,  and  within  this  area  of  less  than  i  sq.  mile  is  concentrated 
the  business  center  of  America's  second  city.  Towering  buildings  rise 
on  every  street,  each  street  is  almost  equally  thronged,  although  State 
Street,  with  its  department  stores,  is  noticeably  the  busiest.  Pedes- 
trian, car,  and  vehicle  traffic  combine  to  produce  the  very  limit  of 
impeded  traffic.  By  a  reliable  count,  made  by  unprejudiced  observers 
in  1910,  the  number  of  pedestrians  on  State  Street,  passing  the 
corner  of  Madison  Street,  was  so  great  that,  without  doubt,  it  might 
be  termed  the  most  densely  traversed  locality  in  the  world.  Any 
fair  Saturday  afternoon,  the  20-ft.  sidewalk  is  thronged  with  densely- 
packed,  slowly-moving  crowds,  which  fill  it  from  curb  to  building  line, 
about  equally  divided  between  those  moving  north  and  those  moving 
south,  on  both  sides  of  the  street. 

In  this  section  are  the  large  retail  stores,  many  wholesale  stores, 
some  warehouses,  the  banks,  exchanges,  hotels,  theaters,  office  build- 
ings, some  light  manufacturing  establishments,  in  fact,  everything 
that  tends  to  draw  people ;  the  result  has  been  that  every  foot  of  groxmd 
has  been  utilized  by  the  erection  of  business  buildings,  mainly  of  a 
very  good  type,  with  the  corresponding  result  that  valuations  and 
rentals  are  high. 

Step  beyond  the  limits  of  that  "Loop",  and  on  all  sides  (the  East  ■ 
Side  excepted)  one  immediately  notices  the  difference.  The  buildings 
are  of  a  different  character,  and  the  hurrying  crowds  are  absent. 
East  of  the  Loop  on  Wabash  Avenue,  the  city  extends  one  block  to 
Michigan  Avenue,  overlooking  Grant  Park  and  the  Lake.  Michigan 
Avenue,  like  Fifth  Avenue,  New  York  City,  has  been  kept  free  of 
street  cars,  its  traffic  resembles  that  of  the  eastern  city,  except  that  it 
has  no  'buses,  and  its  development  has  been  very  similar.  The  build- 
ings are  of  the  highest  class,  consisting  of  office  buildings,  first-class 
jewelry  and  retail  stores,  clubs,  places  of  musical  entertainment,  the 
Public  Library  and  the  Art  Institute.  Mr.  Jerrard's  Fig.  1  is  a  view 
looking  north,  as  indicated  on  the  map.  Fig.  6,  showing  Grant  Park, 
with  Michigan  Avenue  on  the  left  and  Lake  Michigan  on  the  right. 
Marvelous,  indeed,  have  been  the  changes.  The  Illinois  Central  Rail- 
road is  shown  crossing  the  pond  or  arm  of  the  lake  on  a  wooden 
trestle.     All  the  neighboring  section  has  been  filled  in,   so  that  the 
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general  level  is  14  ft.  above  the  lake,  and  the  park  has  been  enlarged      Mr. 
to  the  extent  shown  on  the  map.     The  Suburban  Division  of  the  rail-  ^o^^her. 
road  traversing  the  park   is  confined  within   a   depressed  way,  with 


retaining  walls.  On  the  left,  instead  of  the  church  spires  and  com- 
fortable looking  dwellings  surrounded  with  lawns,  now  stretches  an 
unbroken  line  of  high-class  buildings  giving  high  valuation  to  all  the 
section. 
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Mr.  Across   the   Cliicago   River    (at   the   top   of   the   map),   begins   the 

r>w  er.  ;i]sJqj.^]^  Side".  Here,  only  a  step  as  it  were  from  the  busy,  high-value 
center,  is  a  neglected,  low-value  section  extending  for  approximately 
a  mile  northward.  It  is  given  over  to  rooming  and  boarding  houses, 
with  warehouses  and  some  manufacturing.  Similarly,  the  territory 
adjoining  the  "Loop"  on  the  west  and  south  sides  contains  large 
areas  of  low  value,  with  cheap  tenements,  mixed  in  with  manufacturing 
establishments,  warehouses,  and  railroad  yards,  awaiting  a  Master 
Hand,  with  Capital  and  Genius  to  transform  them  into  a  harmonious 
scheme  to  produce  the  income  in  tax  returns  which  such  advantageously 
located  property  should  bring. 
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Bv  A.  H.  Rhett,  Assoc.  M.  Am.  Soc.  C.  E. 


A.  H.  Rhett,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter)  4 — The  question    Mr. 
of   the   disintegrating   action   of   sea   water  on   concrete   has   received  ^*^^"' 
much  discussion  among  engineers,  and  the  results  of  the  tests  at  the 
Boston    Navy    Yard,    as    described    by    Mr.    Bakenhus,    seem    to    the 
writer  to  throw  some  light  on  the  subject  and  point  to  one  primary 
and  basic  cause  of  disintegration.     This  is  the  porosity  of  the  concrete. 

In  Technologic  Paper  No.  12,  of  the  Bureau  of  Standards,  on  the 
"Action  of  the  Salts  in  Alkali  Water  and  Sea  Water  on  Cements",  it  is 
stated  that  "a  hydraulic  cement  is  readily  decomposed  if  intimatelj' 
exposed  to  the  chemical  action  of  various  sulphate  and  chloride  solu- 
tions", if  these  solutions  are  of  sufficient  strength. 

The  most  conspicuous  result  of  these  tests  is,  that  whatever  dis- 
integration did  occur,  occurred  approximately  between  high  and  low 
water.  It  is  quite  obvious  that,  if  the  concrete  is  porous,  the  pores 
would  be  filled  with  water  at  high  tide,  that  the  salts  of  the  water 
would  be  deposited  by  evaporation  during  the  recession  of  the  tide, 
and  that  this  process  would  be  repeated  vmtil  the  solution  in  the 
pores  would  become  of  sufficient  strength  to  give  rise  to  this  chemical 
action.  It  must  be,  therefore,  that  if  a  concrete  is  porous,  it  is  sub- 
jected to  a  much  stronger  chemical  action  between  high  and  low  water 
than  elsewhere,  due  to  this  accumulative  concentration;  on  the  other 
hand,  if  it  is  non-porous,  no  such  concentration  can  occur.  It  is  true 
that  evaporation  is  necessary  for  the  precipitation  of  the  crystals  the 
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Mr.  increase  of  which  in  volume  causes  the  actual  disruption  or  disinte- 
gration of  the  concrete,  but  the  unaffected  pieces  were  subjected  to 
the  same  alternate  wetting  and  drying  as  the  affected  ones,  and  this 
alone  cannot  account  for  the  erosion.  It  seems  possible,  also,  that  sea 
water  in  its  normal  condition  is  not  sufficiently  strong  in  sulphates 
and  chlorides  to  produce  chemical  action. 

The  writer  has  re-stated  the  conclusions  drawn  by  Mr.  Bakenhus 
on  the  results  of  the  tests,  which  conclusions  are  substantiated  by  a 
detailed  examination  of  those  tests,  and  it  will  be  seen  that  in  each 
case  these  conclusions  can  be  interpreted  as  confirmatory  of  the 
proposition  that  the  disintegration  was  more  or  less  proportional  to 
the  porosity  of  the  concrete. 

"(a)  That  the  1:1:2  mixture  is  superior  to  the  1 :  2 J :  4J,  and 
that  the  1 :  2^ :  4J  is  in  turn  superior  to  the  1:3:  6." 

It  requires  no  exposition  to  confirm  the  statement  that  the  richer 
the  mix  the  less  porous  the  concrete,  with  similar  conditions  of  mixing 
and  placing. 

"(b)  That  the  wet  mixtures  are  superior  to  the  dry." 

The  tests  made  by  the  Bureau  of  Standards  on  the  hydration  of 
Portland  cement,  as  reported  in  Technologic  Paper  No.  JfS,  show  that, 
there  is  a  latent  element  which  in  many  cements  does  not  begin  to 
hydrate  until  28  days  or  later,  but  if  then  continued  in  the  presence 
of  water,  it  hydrates  with  a  large  increase  in  volume  and  with  an 
amorphous  structure.  It  is  obvious  that  this  action  tends  to  close 
the  pores  of  the  concrete  by  filling  them  with  this  amorphous  material, 
and  that  this  inert,  but  most  important,  action  cannot  occur  except 
in  a  wet  concrete  which  is  not  permitted  to  dry  out  too  quickly.  In 
the  present  instance,  it  was  specified  that  the  forms  should  be  "matched" 
and  "as  tight  as  possible"  so  that  the  water  in  the  wet  mix  was  retained. 

In  Technologic  Paper  No.  58,  of  the  Bureau  of  Standards,  on  the 
"Strength  and  Other  Properties  of  Concrete  as  Affected  by  Materials 
and  Methods  of  Preparation",  it  is  shown  from  the  tests  made  that, 
with  a  given  mix,  the  resulting  compression  strength  of  the  concrete 
was  about  100%  greater  with  10.5%  of  mixing  water  than  with  6.5%; 
that  it  was  about  25%  greater  when  cured  in  a  moist  atmosphere  than 
in  the  open  air;  and  that  the  compressive  strength  is  proportional  to 
the  density. 

"(c)  That  the  effects  of  magnesia  and  alumina  in  varying  pro- 
portions are  not  very  marked,  and  follow  no  apparent  law,  although 
the  two  most  durable  specimens  are  those  lowest  in  alumina." 

This  conclusion  is  confirmed  by  Technologic  Paper  No.  12,  pre- 
viously referred  to,  which  states  that  "contrary  to  the  opinion  of 
many,  there  is  no  apparent  relation  between  th'e  chemical  composition 
of  a   cement  and  the  rapidity   Avith   which   it   reacts   with   sea   water 
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when    brought    into    intimate    contact";    and    that    "the    quantity    of   Mr. 
alumina,    iron,   or    silica   present   in   the   cement    does    not   affect    its 
solubility". 

"{d)  That  extra  care  in  mixing  produced  decidedly  beneficial  re- 
sults." 

The  experiments  of  Michaelis,  Cabolet,  and  others  have  shown 
that  when  cement  is  continuously  mixed  with  water  an  increase  in 
volume  as  much  as  seven  hundred-fold  may  occur.  Such  an  increase 
in  the  volume  of  the  cementitious  material  would  tend  to  fill  the 
natural  voids  in  the  aggregates  and  make  the  concrete  non-porous. 

"(e)  That  hydrated  lime  was  of  no  benefit,  but  rather  a  detriment." 

To  refer  again  to  Technologic  Paper  No.  12,  it  is  shown  that  lime 
is  the  element  of  the  cement  that  is  attacked  by  the  sulphates  and 
chlorides  of  the  salt  water.  This  action  is  shown  to  be  even  more 
pronounced  with  set  than  with  unset  cements,  the  reason  for  this  being 
that  free  lime  is  always  liberated  in  the  process  of  setting.  The 
addition  of  more  lime  to  the  cement  of  course  will  increase  this  action. 
In  this  specimen,  too,  the  10%  of  lime  replaced  an  equal  quantity  of 
cement,  and  decreased  to  this  degree  any  possible  automatic  pore- 
closing  effect  from  the  full  hydration  of  the  cement  as  already  described. 

"(/)   That  the  addition  of  Sylvester  wash  was  harmful." 

The  theory  of  the  addition  of  alum  and  soap  is  that  they  combine 
and  coat  the  pores  with  a  water-repellant  material.  It  is  difficult  to 
see,  however,  how  such  an  action  could  occur,  and  yet.  the  particles 
of  the  cement  remain  uncoated  with  the  same  water-repellant  material 
which  would  prevent  their  full  hydration  and  the  swelling  and  void- 
filling  action  resulting  therefrom. 

"(fl')  That  the  addition  of  clay  to  the  cement  had  a  slightly  ben- 
eficial result." 

It  is  well  known  that  clay  is  a  colloidal  material  with  respect  to 
water,  that  is,  that  it  remains  suspended  in  water  or  holds  water  in 
suspension.  When  mixed  with  cement,  it  would  seem  that  this  action 
could  not  but  retard  evaporation,  and  then  tend  to  promote  the  further 
hydration  of  the  cement.  It  is  also  probable  that  the  clay  would  have 
some  void-filling  effect. 

It  is  affirmed,  quite  confidently,  sometimes,  that  this  disintegration 
of  concrete  between  high  and  low  water  occurs  only  in  northern  lati- 
tudes, though  the  writer  has  never  seen  any  very  convincing  evidence 
adduced  to  substantiate  this  claim,  and  that  the  disruption  of  concrete 
is  due  to  the  freezing  of  water  in  the  pores  and  not  to  crystallization, 
neither  action  can  occur,  however,  without  the  open  pore  to  pocket  the 
water,  and  to  the  open  pore  must  be  attributed  the  primary  cause  of 
trouble. 
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T.  Kennard  Thomson,  Francis  Lee  Stuart,  and  J.  V.  Davies. 


K.  H.  KEAYS,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — This  is  a     Mr. 
very  interesting  paper,  as  it  explains  new  methods  for  obtaining  speed  ^'^^'^^ 
in  driving  long  tvinnels  in  rock. 

Some  years  ago  it  was  generally  stated  that  the  art  of  tunnel  driving 
in  Europe  was  much  further  advanced  than  in  America,  as  was  shown 
by  the  great  progress  in  the  various  tunnels  through  the  Alps  as  com- 
pared with  America's  much  more  modest  attainments.  The  proper 
reply  was  to  argue  that  the  reason  American  engineers  did  not  specialize 
in  speed  was  that  they  had  no  long  tunnels  to  drive,  and  when,  for 
financial  reasons,  they  found  it  necessary  to  speed  up  their  work  they 
would  soon  find  a  way  to  do  so.  Certainly,  some  of  their  records  of 
late  years  have  been  very  creditable. 

In  the  writer's  opinion,  a  large  part  of  the  credit  for  the  great 
progress  should  be  given  to  the  improved  types  of  drills  developed 
during  the  last  few  years.  Where  it  used  to  be  agreed  that  the  con- 
trolling feature  of  speed  was  the  time  taken  to  drill  the  heading,  it 
is  now  considered  that  tunnel  driving  is  a  mucking  proposition,  and 
the  feature  to  which  most  attention  should  be  devoted  is  the  cleaning 
away  of  the  muck. 

In  explaining  why  the  pioneer  tunnel  method  was  used  for  the 
Rogers  Pass  Tunnel,  the  author  states  that  the  usual  "top  heading  and 
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Mr.     bench"   method   was   considered   too   slow   and   the  "bottom   heading" 
method  too  expensive. 

As  to  the  ''top  heading  and  bench"  method,  the  writer  is  of  the 
impression  that  it  has  not  yet  shown  its  capabilities  as  to  speed,  no 
tunnel  driving  with  modern  drills  having  as  yet  been  attempted  where 
speed  was  the  primary  object  and  where  the  conditions  were  so  nearly 
ideal  for  fast  work  as  in  the  Eogers  Pass  Tunnel.  The  writer  has 
never  used  the  bottom  heading  method,  but  has  always  heard  it  recom- 
mended for  its  economy.  Substantiating  this  claim,  the  writer  knows 
of  several  tunnels  where  it  was  used,  but  they  were  of  such  short  length 
that  speed  was  of  minor  importance. 

From  a  careful  reading  of  the  paper,  the  writer  is  of  the  opinion  that 
the  author  has  not  demonstrated  that  the  pioneer  heading  has  enough 
advantages  to  justify  its  use  as  a  standard  method. 

The  author  gives  a  list  of  reasons  for  using  the  pioneer  heading, 
showing  various  advantages  which  no  doubt  would  expedite  work  in  the 
main  tunnel ;  but,  in  the  writer's  opinion,  it  would  be  very  little.  The 
paragraphs  explaining  the  location  of  the  portals  of  the  pioneer  head- 
ings, however,  would  indicate  that,  on  account  of  avoiding  a  lot  of 
soft  ground  work,  the  pioneer  heading  could  be  driven  far  in  advance 
of  the  main  heading,  but  as  no  heading  was  driven  in  the  main  tunnel, 
using  the  pioneer  heading  to  work  from,  the  writer  does  not  under- 
stand how  greater  speed  was  made  in  the  main  tunnel  on  this  account. 
It  merely  cheapened  the  cost  of  driving  the  pioneer  heading  and  pro- 
vided better  dumping  ground. 

The  writer  assumes  that  the  main  heading  was  being  excavated  at 
one  face  only  at  any  one  time,  and  also  that  enlargement  operations 
were  being  carried  on  at  one  place  only. 

Of  the  reasons  given  by  the  author  for  adopting  the  pioneer  head- 
ing, No.  2  is  the  only  one  that  could  tend  to  expedite  work  in  the  main 
tunnel.  Reason  No.  1,  treating  of  ventilation,  should  have  no  influence 
on  the  speed,  as  the  matter  of  ventilation  at  the  working  face  can  be 
taken  care  of  very  well  in  the  "top  heading  and  bench"  method,  and 
ventilation  between  the  heading  and  portal  is  not  important. 

'No.  3,  of  course,  would  not  be  an  advantage  in  the  "top  heading 
and  bench  method",  for  the  enlargement  operations  would  be  close  to 
the  heading. 

No.  4  could  hardly  be  called  an  advantage,  for  the  rate  of  speed 
depends  on  the  enlargement  operations. 

No.  5  is  rather  unimportant. 

No.  G  would  also  be  of  no  advantage,  as  the  enlargement  operations 
are  close  to  the  heading. 

Ventilating  systems,  as  usually  put  in,  are  disappointing.  There 
is  no  agreement  as  to  the  relative  advantages  of  the  pressure  and  sue- 
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tion  systems,  the  size  of  pipe  to  be  used,  the  pressures,  or  the  quantity    Mr. 
of  air  necessary.  Keays. 

It  may  be  said  tliat  much  Larger  pipes  are  required  with  suction 
than  with  pressure  .systems  in  order  to  handle  the  same  quantity  of  air. 
The  suction  system  keeps  the  air  of  the  whole  tunnel  in  relatively  good 
condition,  but,  at  the  heading  itself,  where  the  men  are  working,  it  has 
the  least  effect.  This  trouble  is  augmented,  generally,  by  the  fact  that 
the  pipe  used  is  of  very  light  weight  and  is  leaky  at  the  joints,  so  that 
there  may  be  very  little  air  taken  in  at  the  end. 

The  pressure  system,  on  the  other  hand,  clears  out  the  heading  first, 
so  that  the  men  can  go  back  to  work  immediately,  and  ventilation 
between  the  working  face  and  the  portal  is  not  important. 

The  pressures  generated  at  the  fan  are  usually  so  low  that  a  very 
large  pipe  is  needed  in  order  to  get  the  volume.  For  economical  rea- 
sons, a  large  pipe  is  always  made  of  light  material,  which  is  not 
satisfactory. 

The  writer,  therefore,  on  account  of  the  foregoing  considerations, 
believes  that  a  medium  pressure  system,  using  a  relatively  small,  screw- 
joint,  standard  steel  pipe  for  delivering  air  to  the  heading,  is  the  best. 

On  a  recent  job  he  used  a  Connersville  blower,  good  for  a  pressure 
of  10  lb.,  delivering  750  ft.  of  air  per  min.  to  a  heading  somewhat  more 
than  a  mile  distant.  The  pipe  was  of  steel,  6  in.  in  diameter,  and  the 
maximum  pressure  was  about  7  lb.  The  condition  of  the  air  at  the 
heading  was  always  good.  The  heading  and  bench  were  always  shot 
at  the  same  time,  every  8  hours,  and  the  blower  was  usually  run  for 
about  2  hours  each  time. 

r.  La  VIS,*  M.  Am.  Soc.  C.  E.  (by  letter).! — This  account  of  the  Mr. 
most  successful  tunneling  operation  in  North  America — and  this  is 
said  with,  it  is  believed,  due  appreciation  of  all  the  work  of  this  kind 
which  has  been  done  in  recent  years — is  a  tribute  to  the  advent  of 
the  engineer  as  a  director  of  a  type  of  construction  which  requires 
the  planning  and  organizing  ability  of  which  usually  only  the  trained 
engineer  is  capable. 

Confronted  with  the  problems  of  organization  required  for  the 
successful  economical  completion  of  the  long  Alpine  tiinnels, 
Europeans  long  ago  realized  that  these  were  problems  for  the  engineer, 
and  were  not  of  the  kind  which  could  be  put  through  solely  by  "pick, 
shovel,  and  pluck,"  or  mere  driving  power,  unaided  by  a  trained  mind 
to  plan  and  execute. 

The  writer  fully  recognizes  the  value  of  the  qualities  of  the  con- 
tractor, especially  those  of  the  railway  contractor,  which  are  very 
necessary,  and  which  engineers  seldom  possess.     The  need  of  planning, 
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Mr.  of  co-ordinating  the  work  of  the  organization  with  the  plans,  the 
successful  modification  of  the  plans  to  fit  both  the  conditions  and 
the  organization  as  they  develop,  are,  however,  essentially  qualifica- 
tions which  the  properly  trained  engineer  alone  possesses. 

Though  this  is  not  the  first  tunnel  driven  in  North  America  which 
has  demonstrated  the  ability  of  the  engineer  as  an  organizer  along 
lines  which  require  this  necessary  co-ordination  of  planning  with 
execution,  it  is  the  latest  and  most  successful,  and  the  writer  believes 
that  the  realization  of  this  phase,  of  the  conduct  of  the  operations 
which  have  resulted  so  successfully,  is  of  quite  as  great  importance 
as  the  recognition  of  the  successful  application  and  improvement  in 
the  "pioneer  heading"  method,  important  as  this  latter  is  as  a  demon- 
stration of  efficiency. 

There  is  little  opportunity  for  comment  in  regard  to  the  methods 
used.  Figures  are  not  given,  though  it  is  hoped  they  may  be  supplied 
later,  either  by  the  author  or  by  the  officials  of  the  railroad  company, 
showing  the  value  of  the  time  saved  and  the  economy  of  the  extra 
expense  involved  in  the  speed  of  driving.  The  writer  has  no  doubt  the 
expense  was  justified,  but  the  author's  comments  would  be  of  great  value, 
if  he  would  indicate  his  views  on  the  economical  speed  from  the  stand- 
point of  construction  alone  without  regard  to  operating  losses  to  the 
railway,  and  on  the  value  of  the  saving  to  the  railroad  company. 

There  is  a  growing  tendency  to  give,  in  connection  with  the 
description  of  works  of  this  kind,  either  exact  or  approximate  costs, 
and  it  is  rather  to  be  regretted  that  they  have  not  been  stated  in  this 
case,  as  such  information  has  a  distinct  value,  and  its  suppression  is  of 
doubtful  utility  to  the  railroad  company  or  the  contractors. 

The  paper  is  filled  with  instances  which  show  the  careful  continuous 
study  of  conditions  and  improvements  in  details  as  the  work  pro- 
gressed. Many  of  these  latter  are  not  altogether  new;  some  of  them 
have  been  advocated  by  the  writer  and  others;  but  as  their  general 
application  to  tunneling  is  by  no  means  common,  even  yet,  it  seems 
permissible,  even  at  the  risk  of  repetition,  to  refer  briefly  to  some  of 
them : 

Ventilation  is  a  sijie  qua  non. 

Bonus  system  used. 

Hammer  drills  used  entirely,  columns  carefully  set  with  relation 

to  line  and  grade,  holes  pointed  by  clinometer. 
Three  helpers  were  used  for  each  two  drills. 
Fuse  was  used  instead  of  batteries  for  blasting. 
Water  was  used  to  wet  down  the  muck  pile  and  wash  the  dirt  from 

the  sides,  roof,  and  face. 
Muckers  have  brief  rest  between  each  carload. 
Mucking  sheets  were  used. 
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There  is  also  one  statement  full  of  significance  to  those  who  have    mi-, 
had  much  tunnel  experience,  namely,  that  "The  plant  was   properly  '^*^"~ 
put  in  and  properly  looked  after,  and  caused  practically  no   (ielay". 
This  epitomizes  the  attitude  of  those  responsible  for  the  conduct  of 
the  work,   and   indicate^   one  of  the  most   important   reasons   for   the 
success  attained. 

James  F.  Sanborn,*  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  has  Mr. 
been  asked  to  call  attention  to  a  volume,  now  being  prepared  regarding 
the  tunnels  of  the  Catskill  Aqueduct,  recently  completed.  Dr.  Charles 
P.  Berkey,  of  Columbia  University,  the  Geologist  of  the  Board  of 
Water  Supply,  is  undertaking  to  collect,  as  far  as  possible,  information 
for  a  comprehensive  history  of  the  geological  features  which  had  an 
important  bearing  on  the  tunnel  design  and  construction  of  the 
several  long  siphons  and  other  structures  of  the  Catskill  Aqueduct. 

It  is  hoped  that  this  volume  will  bring  out  some  of  the  finer  points 
of  tunneling.  Usually,  a  tunnel  is  driven,  and  one  never  hears  any- 
thing more  about  it,  unless,  like  Mr.  Dennis,  somebody  has  the  courage 
to  describe  it  in  a  paper. 

Lazarus  White,*  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  visited  Mr. 
Rogers  Pass  Tunnel  in  September,  1915,  when  it  was  being  driven 
at  about  its  most  rapid  rate.  The  profile  (Fig.  1),  shows  that  the 
mountains  are  only  9  000  ft.  high,  but,  to  the  speaker,  they  looked  as 
though  they  might  be  19  000  ft.  It  was  raining  at  the  time ;  the  moun- 
tains were  covered  with  snow  and  ice ;  and  there  was  snow  in  the  woods ; 
but  the  tunnel  was  dry.  The  work  had  then  been  advanced  more  than 
2  miles  from  the  west  end  and  there  was  just  a  little  trickle  of  water 
coming  out  of  the  entrance. 

The  rock  was  "made  to  order".  It  was  one  solid  block,  as  far  as 
could  be  seen,  practically  without  faults  or  the  disturbances  usually 
found  in  rock,  and,  to  the  speaker's  unpracticed  eye,  it  appeared  to 
be  a  hard  shale  or  slate.  He  would  hardly  classify  it  as  a  hard 
quartzite,  as  Mr.  Dennis  does;  but  he  probably  knows. 

The  pioneer  heading  method  api)eared  to  be  a  very  good  one  for 
that  place,  and  the  whole  scheme  of  the  tunnel  and  its  execution  a 
very  good  piece  of  work.  In  the  speaker's  opinion,  it  was  the  first 
successful  combination  of  the  Swiss  and  the  American  methods  of 
tunneling.  Other  attempts  have  been  made  to  combine  the  two 
systems,  but  they  have  not  been  successful,  either  financially  or  other- 
wise.    This  project,  however,  was  successful  in  all  respects. 

The  pioneer  tunnel  was  of  quite  a  small  bore,  and,  as  Mr.  Dennis 
has  stated,  it  served  primarily  for  ventilation,  because  through  it 
any  quantity  of  air  was  sent  around  the  heading,  and  blew  out  the 
smoke.     The  tunnel  was  both  the  driest  and  the  best  ventilated  of 

*  New  York  City. 
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Mr.     any  the  speaker  has  visited.      On   account  of  the  extensive  blasting 
^  ®'  that  was  done,  it  must  be  realized  that  the  ventilation  had  to  be  well 
nigh  perfect,  because  from  fifteen  to  twenty  rounds  were  set  off  in 
succession  in  order  to  break  up  the  rock  ahead  of  the  steam  shovel. 

In  any  ordinary  method  of  tunnel  ventilation,  this  would  have 
made  the  work  difficult,  if  not  impracticable,  but,  with  this  pioneer 
tunnel,  the  air  was  sent  around  and  blown  through  the  main  tunnel. 
There  was  an  immense  fan  in  the  pioneer  heading  through  which  there 
was  always  a  strong  wind  blowing. 

The  most  original  part  of  the  pioneer  heading  has  a  strong  resem- 
blance to  the  double  tunnel  of  the  Simplon.  The  main  heading  was 
more  of  a  center  heading  than  a  bottom  heading,  and,  by  working 
within  it,  the  men  had  plenty  of  time  to  do  their  drilling  in  the  face, 
which  previously  had  always  limited  the  progress.  In  this  case  it 
did  not;  the  blasting  was  done  as  rapidly  as  the  shovel  could  take 
the  muck.  That  shovel,  of  about  40  tons  capacity,  was  worked  just 
as  hard  as  any  shovel  in  the  open.  It  loaded  full-sized,  12-yd.  cars, 
and  there  was  continuous  and  very  good  service  rendered  to  the 
shovel,  with  no  interruption. 

The  speaker  believes  this  progress  could  not  have  been  made  if 
the  rock  had  not  been  so  exceptionally  good,  because  timbering  wovdd 
have  delayed  the  work,  and  probably  the  method  would  not  have  been 
successful  if  much  timbering  had  been  required.  Eventually,  it  will 
be  necessary  to  concrete  more  of  this  tunnel  than  has  yet  been  done, 
because  the  rock  may  weather. 

Another  feature,  not  brought  out  very  strongly  in  the  paper,  which 
contribut(^d  very  largely  to  the  success  of  this  tunnel,  was  the  drills 
used.  The  speaker  believes  they  were  little  water-fed  drills.  With 
these  it  was  possible  to  maintain  the  high  rate  of  progress  in  the 
heading,  and  they  contributed  very  largely  to  the  success  of  the  work. 

The  camp  was  very  well  kept,  but  the  speaker  was  surprised  to 
note  that  the  power  plant  was  of  such  small  capacity.  The  working 
organization  was  very  effective,  and,  without  intermission,  sustained 
the  undoubted  record-breaking  progress  with  which  this  tunnel  must 
be  credited.  This  organization,  the  speaker  is  informed,  was  brought 
from  the  United  States,  where  the  men  had  done  some  very  rapid 
work  on  the  Gunnison  and  Laramie-Poudre  Tunnels. 

The  wooden  water  pipe,  used  for  ventilation,   served   its  purpose 
well,  and  was  much  superior  to  the  ordinary  iron  pipe.     It  was  well 
laid,  and  the  joints  were  so  tight  that  the  exhaust  could  be  conducted 
through  it. 
Mr.  T.  Kennard  Thomson,*  M.  Am.  Soc.  C.  E. — Mr.  Dennis  deserves 

the  thanks  of  the  Society  for  his  very  interesting  paper,  but  it  is  to  be 
hoped  that  he  will  add  many  details  before  its  final  publication. 

*  New  York  City. 
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The  speaker  understands  that  the  report  of  the  hite  Virgil  G.  Mr. 
Bogue,  M.  Am.  Soc.  C.  E.,  is  a  masterpiece  of  one  of  the  foremost  of 
old-time  railroad  engineers,  and  it  would  seem  that  its  publication 
in  full,  in  connection  with  this  paper,  would  be  of  great  value  to  other 
engineers  and  students.  For  that  reason  it  is  hoped  that  the  author 
will  prevail  on  the  Canadian  Pacific  Railway  Company  to  allow  its 
iniblication  in  full. 

Mr.  Dennis'  paper  is  of  special  interest  to  the  speaker  because  he 
was  engaged  on  the  location  and  construction  of  the  Canadian  Pacific 
Railway  from  Medicine  Hat  to  the  west  slope  of  the  Selkirks  in 
1883-84-85.  Haste,  the  key-note  then,  as  it  seems  to  be  still,  resulted 
once  in  a  record  for  rapid  construction,  when  93  miles  of  railroad  from 
Medicine  Hat  was  built  in  23  working  days  of  June,  1883.  This  work, 
which  included  grading,  bridges,  culverts,  and  track-laying,  but  not 
very  much  ballasting,  really  made  a  marvelous  record,  considering 
the  fact  that  all  the  supplies  had  to  pass  through  Winnipeg  and  then 
be  carried  some  600  miles  over  a  new,  single-track  railroad. 

In  those  days  no  one  ever  thought  that  that  railroad  would  ever 
be  a  financial  success ;  it  was  considered  merely  as  a  political  necessity, 
as  the  Dominion  Government,  at  the  time  of  the  Confederation  in 
1867,  had  assumed  the  obligation  of  making  physical  connections 
between  the  separated  provinces.  Even  the  late  Commodore  Vanderbilt 
had  so  little  confidence  in  it  that  he  got  rid  of  his  holdings. 

,  As  a  matter  of  fact,  in  those  days,  British  Columbia  was  closer, 
commercially,  to  the  United  States  than  it  was  to  the  rest  of  the 
Dominion;  and,  even  in  1885,  the  speaker  found  that  Ontario  or 
Quebec  banknotes  were  not  welcomed  in  British  Columbia  and  were 
accepted  only  at  a  discbunt,  while  United  States  notes  were  accepted 
at  par.  This  was  partly  due  to  the  fact  that  in  those  days  the  face 
value  of  a  Canadian  banknote  was  not  guaranteed  by  the  Government 
as  it  is  now.  At  present,  however,  the  Canadian  banking  system  is 
superior  in  many  respects  to  that  in  the  United  States  where  a 
national  bank  in  a  small  town  has  only  the  credit  of  its  small  capital 
back  of  it,  whereas  the  smallest  branch  of  some  dozen  strong  Canadian 
banks  has  its  powerful  sy.stem  behind  it.  Very  few  Canadian  towns 
are  not  amply  provided  with  such  branches. 

One  reason  for  haste  in  those  days  was  to  get  some  return  on  the 
money  as  soon  as  possible,  and  an  even  more  important  reason  was 
the  fear  that,  if  the  road  was  not  quickly  completed,  a  turn  of  the 
political  wheel  might  prevent  it  from  being  finished  for  many  years. 

In  addition  to  the  commercial  reasons  for  haste  in  constructing 
the  Rogers  Pass  Tunnel,  the  fear  of  snow  slides  may  have  been 
another  incentive — the  author  has  stated  that  the  snowfall  there  is 
from  30  to  50  ft.  a  year.     The  speaker  assisted  in  the  design  of  the 
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Mr.  first  snowsheds  on  this  road.  These  were  to  be  constructed  in  cuts  on 
the  hillsides  in  such  a  way  that  the  snow  slides  or  avalanches  would 
never  strike  directly  on  the  roof  of  the  shed,  but  merely  shoot 
or  slide  over  it.  Some  of  these  designs  were  modified  by  others,  so 
that  the  roofs  projected  up  too  far,  with  disastrous  results  in  every 
case.  Trees  adjacent  to  a  snow  slide  would  often  be  cut  off  as  if  by 
a  knife  about  20  ft.  above  the  ground,  or  at  the  surface  of  the  standing 
-snow,  by  the  force  of  the  wind  generated  by  the  falling  avalanche. 
Nothing  can  be  built  to  stop  those  giant  snow  slides  after  they  have 
fallen  from  3  000  to  5  000  ft.  The  snow  and  ice  piled  up  in  winter 
many  feet,  and  even  after  the  intense  heat  of  August  a  depth  of  some 
30  ft.  or  more  would  be  left. 

Would  it  not  be  appropriate  for  the  author  to  insert  a  brief  sketch 
of  the  life  of  Major  Rogers,  one  of  the  most  unique  characters  of  a 
past  age  of  remarkable  engineers  ?  He  saved  the  Canadian  Paciiic 
Railway  from  following  the  Columbia  River  some  200  miles  around — 
north  and  then  south — by  discovering  the  Rogers  Pass  which  led  due 
west,  crossing  the  Columbia  River  twice. 

The  exceedingly  favorable  geological  conditions  encountered  in  this 
tunnel  were  not  often  found  in  the  earlier  tunnels  in  the  Selkirks, 
one  of  which — a  mud  tunnel — was  nearly  completed  when  it  was  found 
that  the  two  headings  did  not  meet  by  18  in.  This  was  first  blamed  on 
the  engineer,  but  after  the  lining  had  been  ripped  out  and  replaced, 
the  tunnel  at  once  collapsed.  It  was  re-opened  a  third  time,  and  again 
collapsed,  after  which  it  was  abandoned,  and  the  railway  was  run 
around  the  bluff  on  a  23°  curve.  It  was  operated  on  this  curve  for 
more  than  20  years,  and  then  a  new  tunnel  was  built  much  farther 
from  the  face  of  the  bluff,  where  firmer  ground  was  encountered. 

In  those  days  some  of  the  grades  were  as  high  as  4^%,  and  nego- 
tiating them  gave  the  engines  so  much  trouble  that  safety  switches 
were  generally  placed  at  the  foot  of  the  grade,  so  that  if  the  train  ran 
away  it  would  have  to  take  the  switch,  which  had  such  a  sharp  grade 
uphill  that  the  momentum  of  the  train  would  rapidly  be  reduced. 

The  plan  and  profile,  Fig.  1,  shows  how  the  original  location  wound 
around  the  hillsides  in  order  to  avoid  more  excessive  grades,  and  per- 
mitting as  rapid  and  cheap  construction  as  possible.  The  profile  also 
shows  why  vertical  shafts  could  not  be  considered,  as  the  hills  stand 
as  high  as  5  000  ft.  above  the  tunnel. 

Mr.  Francis  Lee  Stuart,*  M.  Am.  Soc.  C.  E. — The  speaker  has  read 

this  paper  with  interest,  as  the  rate  of  progress  was  strikingly  rapid. 
As  far  as  the  speaker  knows,  a  pioneer  tunnel,  similar  to  that  used 
at  Rogers  Pass,  has  never  been  built  in  the  East,  although  this  method 
is  in  constant  use  in  coal  and  iron  mines.     Usually,  the  tunnels  in 
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the  East  have  not  been  so  long,  have  had  less  cover,  and  construction  Mr. 
progress  has  been  expedited  by  shafts.  The  speaker  has  found  it  very 
difficult  to  compare  the  progress  in  tunnels — every  one  seems  to 
have  different  conditions  which  affect  the  rate  of  building — in  fact, 
even  parts  of  the  same  tunnel  are  not  comparable.  In  groping  after 
a  greater  speed,  a  number  of  new  methods  have  been  tried. 

In  the  Stuart  Tunnel,  one  of  the  most  recent  built  under  the 
speaker's  direction,  at  the  Magnolia  Cut-Off,  on  the  Baltimore  and 
Ohio  Railroad,  the  tunnel  section  used  was  large,  being  31  ft.  in  the 
clear  horizontally,  with,  side-walls  plumb  to  11  ft.  above  sub-grade,  and 
a  semi-circular  arch  with  15^  ft.  radius,  giving  a  clear  height  of  22  ft. 
ll:i  in.  at  the  center  of  each  track. 

To  expedite  matters,  the  contractor,  H.  S.  Kerbaugh,  Incorporated, 
put  in  a  Marion  28  (f-yd.),  dipper,  air-operated  shovel  with  which  he 
widened  the  heading,  which  originally  had  an  area  of  about  120  sq.  ft., 
and  took  the  bench  to  an  elevation  6  ft.  below  that  of  the  wall-plate, 
leaving  11  ft.  in  bench  instead  of  the  usual  17  ft.  It  effected  a  very 
considerable  saving  in  time  and  expense,  as  it  was  possible  to  widen 
and  place  the  steel  segment  at  a  rate  of  from  60  to  70  lin.  ft.  of  arch 
section  per  week,  as  compared  approximately  with  45  ft.  by  hand,  and 
to  enable  the  remainder  of  the  bench  to  be  drilled  without  cat-holes. 
The  speaker  thinks  that  matters  were  about  even,  as  to  cost,  and,  with 
a  little  better  roof,  it  should  have  been  cheaper  than  the  old  method. 

In  a  further  effort  to  increase  the  rate  of  progress  in  the  tunnel, 
it  was  decided  to  use  Blaw  steel  segments  to  support  the  roof,  in  place  of 
the  usual  timber  segments.  These  consisted  of  two  7-in.,  14S-lb.  chan- 
nels, riveted  together  with  two  |-in.  rivets,  2^  in.  long,  with  6|-in.  fillers 
between,  at  intervals  of  about  3^  ft.  These  segments  were  divided  into 
three  parts;  the  central  portion  was  18  ft.  3|  in.  long,  curved  to  a  radius 
of  17  ft.  6  in.;  the  end  portions  were  11  ft.  3|  in.  long,  5  ft.  0^  in. 
being  curved  to  a  radius  of  17  ft.  6  in.,  and  the  remainder  being  a 
tangent  to  connect  with  a  flanged  foot  resting  on  the  wall-plate. 

The  three  sections  were  connected  with  9  by  |-in.  plates,  1  ft.  9  in. 
long,  and  with  |-in.  fillers.  They  were  used  in  2  015  ft.  of  this  tunnel, 
or  for  60%  of  its  length,  and,  for  the  most  part,  were  5  ft.  from 
center  to  center;  otherwise  they  were  7  ft.  6  in.  from  center  to  center, 
depending  on  the  character  of  the  roof.  All  were  tied  together  longi- 
tudinally with  |-in.  tie-rods  7  ft.  from  center  to  center.  The  lagging 
was  placed  directly  on  these  segments,  and  was  fastened  through  y'jv-in. 
holes  in  the  flanges.  The  sections  were  assembled  in  the  tunnel  and 
raised  to  position. 

The  use  of  these  steel  segments  enabled  the  driving  to  be  done  more 
rapidly,  as  the  cross-sections  decreased  an  average  of  about  2  cu.  yd. 
per  lin.  ft.,  and,  as  the  segments  came  entirely  within  the  section  of 
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Mr.     the   concrete   lining,    there   was    an    additional    saving    of   practically 
"^"^    2  cu.  yd.  of  concrete  per  cu.  ft. 

The  speaker's  conclusion  was  that  speed  was  made  by  the  use  of 
these  forms— whether  or  not  they  were  cheaper  could  not  be  determined. 

Mr.  J.  V.  Davies  *  M.  Am.  Soc.  C.  E. — The  only  thing  the  speaker  has 

^"^*'  against  this  paper  is  its  great  brevity.     The  author  has  described   a 

piece  of  tunnel  work  which  has  two  peculiar  and  important  features : 

first,  the  rapidity  of  the  driving;  and,  second,  the  use  of  a  "pioneer" 

heading. 

To  have  done  the  amount  of  driving  in  the  headings  which  was 
accomplished  on  this  work  for  one  month,  is  one  thing,  but  to  continue 
that  work  at  the  rates  actually  obtained,  an  average  speed  of  24  ft. 
a  day  for  7  days  a  week  in  one  heading,  and  for  20  ft.  a  day  for  7  days 
a  week  in  the  other  heading,  is  really  a  wonderfully  fine  piece  of  work. 

It  indicates  very  clearly  an  extremely  perfect  organization  in  every 
department,  and  the  speaker  presumes  that  it  is  to  be  imderstood, 
from  Mr.  Lauchli's  discussion,  that  that  progress  was  in  part  due  to 
the  fact  that  the  conditions,  as  they  developed  in  the  driving,  and  the 
conduct  of  the  work,  were  almost  perfect.  There  were  no  high  tem- 
peratures; there  was  no  entrance  of  hot  water,  as  is  so  common  in 
mountain  ranges,  and,  in  fact,  very  little  water  at  all. 

The  comparison  of  that  work  with  the  best  that  has  been  obtained 
in  the  United  States  and  elsewhere  is  interesting.  The  only  tunnel 
in  America  (for  which  the  speaker  has  figures)  which  exceeds  the 
Eogers  Pass  monthly  record  (and  that  probably  was  only  for  an  excep- 
tional month),  was  the  Eed  Koek  Tunnel,  built  in  1901,  in  which  a 
speed  of  1  061  ft.  for  the  month  was  attained ;  bvit  that  was  in  soft  rock, 
where  the  boring  was  done  with  hand-augers. 

The  other  tunnel  to  which  the  speaker  refers  is  the  Elizabeth 
Tunnel,  on  the  Los  Angeles  Aqueduct,  where  Leyner  drills  were  used 
in  gneiss  rock,  and  there  the  maximum  progress  was  641  ft.  a  month. 

In  the  Roosevelt  Tunnel,  in  Colorado,  in  granite,  the  speed  was 
only  435  ft.  a  month.     There,  also,  Leyner  drills  were  used. 

In  an  extensive  undertaking  of  tunnel  construction  which  the 
speaker's  firm  carried  out  in  Mexico,  a  few  years  ago,  heading  progress 
was  obtained,  in  hard  limestone  rock,  as  high  as  536  ft.  a  month,  using 
Leyner  drills.  The  use  of  these  drills  has  made  a  very  marked  increase 
in  the  rapidity  of  tunnel  work. 

Now,  take  the  foreign  tunnels:  in  the  Simplon,  in  rock  of  a  char- 
acter probably  very  similar  to  this — hard,  gneiss  rock — a  speed  of  685 
ft.  was  attained;  in  the  Loetschberg  Tunnel  a  rate  was  attained,  in 
the  north  heading,  in  a  hard  limestone,  of  1013  ft.,  whereas  in  the 
south  tunnel  the  rate  was  only  545  ft. ;  so  that  this  Rogers  Pass  Tunnel 

*  New  York  City. 
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work  stands  out  pre-eminently  as  the  most  rapid  that  has  been  accom-      Mr. 
plished  in  America  iip  to  the  present  day,  and  is  ahnost  equal  to  any-  ^^^■"'''' 
thing-  that  has  been  done  elsewhere. 

There  are  various  questions  which  arise  from  reading  this  paper, 
regarding  which  it  would  be  of  considerable  value  to  the  membership 
to  have  further  information,  and  the  speaker  hopes  that  the  author 
may  feel  willing  to  go  outside  of  the  scope  of  the  paper  as  presented 
and  give  some  further  information  which  would  add  materially  to 
its  value. 

The  particular  point  of  great  interest  is  the  value  of  the  "pioneer" 
tunnel.  The  author  refers  to  it  briefly  in  the  paper  as  an  economical 
question,  and  it  would  be  of  much  value  if  he  could  add  something  in 
the  nature  of  a  balance  sheet,  having  on  one  side  the  advantages 
obtained  from  the  construction  of  the  additional  heading,  and  on  the 
other  side  the  increased  cost  of  driving  two  heading  excavations,  as 
was  actually  done. 

The  excuse  and  reason  for  a  "pioneer"  tunnel  are  unquestionably 
to  increase  the  speed  of  construction  of  the  main  tunnel,  in  which 
there  is  a  large  bench  to  take  out,  as  is  involved  in  the  enlargement 
of  such  a  structure  as  this  double-track  railroad  tunnel,  where  the 
value  of  the  time  element,  in  removing  the  bench  and  enlarging  to 
full  size,  is  the  main  factor  involved  on  the  one  side  of  the  bal- 
ance sheet. 

There  is  no  doubt  that  speed  can  be  attained  by  the  driving  of  a 
"pioneer"  tunnel,  and  undoubtedly  in  this  case,  as  the  author  states, 
there  was  warrant  for  its  construction. 

Several  of  those  discussing  the  paper  have  made  remarks  as  to 
how  the  "pioneer"  tunnel  originated,  but  it  seems  to  the  speaker  that 
any  one  who  has  studied  the  construction  of  the  Simplon  Tunnel,  as 
described  very  fully  by  Sir  Francis  Fox,*  would  be  satisfied  that  the 
use  of  the  gallery  in  that  work  gave  the  idea  from  which  the  "pioneer" 
tunnel  was  adopted  in  this  w^ork. 

It  was  used  in  that  work  unquestionably  for  the  purpose  of  ventila- 
tion, for  transportation  and  drainage,  and  to  expedite  the  work. 

On  the  other  hand,  there  was  another  guiding  reason  in  the  Simplon 
for  the  adoption  of  the  gallery,  as  the  plans  for  that  tunnel  contem- 
plated two  single-track  railroad  tunnels,  approximately  55  ft.  apart,  to 
be  built  for  east-  and  west-bound  traffic,  respectively,  and  the  "pioneer" 
tunnel  was  located  as  the  side-wall  heading  for  the  second  tunnel.  It 
is  now  being  enlarged,  or  has  been  in  the  last  few  years,  to  make  the 
second  tunnel;  but  it  was  located  in  that  position  unquestionably  for 
the  same  purposes  as  the  "pioneer"  heading  in  the  Rogers  Pass  Tunnel 
was  driven,  having  in  mind,  undoubtedly,  later  enlargement  for  the 
second  tunnel. 

*  "The  Simplon  Tunnel",  Min.  Proc,  Inst.  C.  E.,  Vol.  CLXVIII  (1906-07),  p.  61.    . 
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Mr.  In  the  Simplon  Tunnel  the  gallery  was  lined  with  the  permanent 

side-wall  construction  at  the  same  time. 

In  the  Rogers  Pass  Tunnel,  as  described,  there  were  none  of  the 
difficulties  which  were  encountered  in  the  Simplon  Tunnel  and  made 
the  use  of  a  '"pioneer"  tunnel  there  so  vital  to  the  success  of  the 
undertaking. 

In  the  Simplon  Tunnel,  the  "pioneer"  tunnel  (or  gallery,  as  it  was 
called)  was  carried  right  through  from  end  to  end,  and  the  gallery  was 
enlarged  so  as  to  make  a  passing  siding  for  trains  in  the  center  of 
the  tunnel. 

The  speaker  will  be  quite  interested  to  obtain  from  the  author  at 
a  later  date  some  information  as  to  what  pressure  he  used  in  the  ven- 
tilating system,  with  the  Connersville  blowers,  under  the  conditions 
developed  in  driving  this  long-distance  tunnel.  The  difference  between 
any  short  tunnel  and  one  of  this  length,  with  no  intermediate  shafts 
and  no  intermediate  access,  is  one  of  the  features  of  this  undertaking 
which  is  of  very  great  importance.  The  ventilation  question  becomes 
of  the  utmost  importance,  and  the  pressures  at  which  the  ventilating 
apparatus  was  o^ierated  to  produce  the  forced  draft  for  which  the  Con- 
nersville blowers  were  used,  is  of  considerable  interest. 

Another  matter  on  which  the  speaker  thinks  some  further  informa- 
tion would  be  of  considerable  benefit  to  the  Society  is  a  statement  as 
to  the  detailed  plan  of  the  bonus  system  which  was  adopted  for  the 
acceleration  of  labor,  as  only  a  vague  reference  is  made  to  the  subject 
in  the  paper.  The  speaker  would  also  be  glad  to  have  a  schedule  of  the 
rates  of  wages  paid  to  the  men  on  that  work. 
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By  Messrs.  John  W.  Hill,  Alexander  Potter,  George  W.  Fuller, 
Nicholas  S.  Hill,  Jr.,  W.  E.  Spear,  T.  Kennard  Thomson,  H.  F. 
Dunham,  and  Theodore  S.  Johnson. 


John  W.  Hill,!  M.  Am.  Soc.  C.  E.  (by  letter).;}: — The  writer  has  Mr. 
read  with  interest  this  paper  on  the  recent  improvement  of  the  Parkers- 
burg  Water-Works.  Having  had  the  honor  of  making  the  original  plans 
for  the  Parkersburg  Water-Works  Company  in  1881,  and  later  of 
revising  these  plans  and  constructing  the  original  water-works,  in  1884, 
he  is  naturally  more  or  less  familiar  with  the  location  and  history  of 
this  imi^rovement. 

The  original  works,  planned  by  a  company  of  which  the  late  Sen- 
ator J.  N.  Camden  was  a  member  and  the  leading  spirit  in  the  enter- 
prise, looked  almost  exclusively  to  fire  protection  for  the  city  and  the 
furnishing  of  water  to  railroads  and  manufacturing  enterprises ;  in  fact, 
at  that  time,  36  years  ago,  little  attention  was  paid  to  the  hygienic 
qualities  of  water  supplies  in  America. 

The  Ohio  River  water  in  its  then  polluted  condition  was  accepted 
for  drinking  purposes  by  all  the  cities  taking  water  therefrom.  The 
dangers  lurking  in  sewage  were  not  then  well  known,  and  in  some 
respects  not  suspected.  Time,  research,  and  experience  have  since 
demonstrated  that  the  Ohio  River  water  in  its  natural  state  has  not 
been  suitable  for  drinking  purposes  for  many  years,  if  it  ever  was. 

The  Smith  system  of  filtration  has  been  proposed  for  several  cities 
along  the  Ohio  River  and  came  prominently  to  the  writer's  notice  while 

*  This  discussion  (of  the  paper  by  William  M.  Hall,  M.  Am.  Soc.  C.  E.,  published 
in  January,  1917,  Proceedings,  and  presented  at  the  meeting  of  February  2ist,  1917), 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  Cincinnati,  Ohio. 
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Mr.  he  was  the  Engineer  Member  of  the  Ohio  State  Board  of  Health,  when 
it  was  proposed  as  a  mode  of  supply  for  the  City  of  Portsmouth,  a 
few  years  ago.  At  that  time,  as  well  as  before,  the  proposition  was 
studied  and  classed  as  an  artificial  sand  and  gravel  filter,  and  it  was 
thought  that  such  a  filter,  placed  beneath  the  bed  of  the  river — or 
rather  below  low-water  stage  in  the  river — ^beyond  reach  and  examina- 
tion, during  ordinary  and  high  stages,  would  not  satisfy  the  modern 
requirements  of  a  filtered  water  supply. 

Plain  sand  filters,  such  as  are  used  at  Philadelphia,  Pittsburgh, 
Washington,  and  other  places  in  the  United  States,  and  used  exten- 
sively abroad,  are  constructed  so  that  they  may  be  under  constant  obser- 
vation as  to  the  performance  of  each  particular  unit,  and  when  the  loss 
of  head  has  reached  a  maximum — or  other  conditions  suggest — they 
can  be  taken  out  of  service,  the  sand  beds  can  be  scraped  and  rehabil- 
itated, and  the  filters  restored  to  their  original  condition  and  efficiency. 
The  Smith  filters,  however,  can  be  examined  and  repaired  only  at  long 
intervals,  and,  if  it  shoiJd  occur  that  the  quality  of  the  water  obtained 
from  them  was  unsatisfactory  during  a  period  when  the  stage  in  the 
river  was  considerably  higher  than  the  sand  bars  in  which  the  filters 
are  placed,  there  would  be  no  relief  from  the  unsatisfactory  quality 
of  the  water  except  that  which  might  be  obtained  from  back-flushing 
the  collecting  pipes,  and  that,  in  the  writer's  opinion,  is  always  a 
doubtful  method  of  restoring  filters  to  normal  condition. 

It  was  also  thought,  in  connection  with  the  Portsmouth  proposition, 
that,  in  view  of  experience  with  water  purification  systems  somewhat 
similar  to  the  Smith  filter  along  the  Ohio  River,  there  was  no  assur- 
ance, at  any  time,  that  the  quality  of  the  water  would  satisfy  strict 
sanitary  requirements,  and,  for  this  reason,  objection  was  then  made 
by  the  Ohio  State  Board  of  Health  to  the  adoption  of  this  system  by 
Ohio  cities. 

At  several  places  in  the  paper  Mr.  Hall  mentions  a  possible  source 
of  water  supply  to  wells  from  the  Ohio  River,  on  the  assumption  that 
the  water  will  pass  through  the  silted  bed  of  the  river  and  reach  the 
wells  through  the  sand  and  gravel  in  which  the  latter  are  driven. 

From  long  experience,  with  wells  along  the  Ohio  River  and  else- 
whore,  it  is  the  writer's  conviction  that  wells  or  galleries  sunk  below 
the  bed  of  the  adjacent  river  seldom,  if  ever,  receive  water  from  it. 
Many  tests  for  hardness,  chlorine,  and  iron,  in  water  from  the  wells 
and  from  the  river  or  stream,  have  always  shown  a  distinct  difference, 
and,  in  the  writer's  experience,  this  has  been  sufficient  to  indicate  that 
the  water  from  the  wells  is  not  naturally  filtered  river  water.  This 
experience  has  been  so  uniform  over  a  wide  range  of  territory,  and 
throughout  a  long  period  of  time,  that  it  has  led  him  to  conclude  that 
water  obtained  from  wells  or  infiltration  galleries  along  a  stream  is 
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always  land-water  or  ground-water  percolating  through,  or  pocketed  Mr. 
in,  the  pervious  strata,  some  of  which  in  due  time  reaches  the  stream 
in  the  form  of  springs.  In  a  case  where  a  surface  connection  is  made 
from  the  river  to  the  porous  material  in  which  wells  are  driven,  the 
water  may  percolate  through  the  porous  material  and  reach  the  wells 
in  this  manner,  but  the  writer  can  recall  no  considerable  success,  either 
from  experience  in  America  or  abroad,  in  obtaining  large  volumes  of 
satisfactory  water  in  this  way. 

Considering  the  Parkersburg  wells  proposed  by  Messrs.  Knowles, 
Fuller,  and  Fuertes,  the  writer  would  assume  that  all  the  supply  fur- 
nished by  these  would  be  obtained  from  the  water  moving  toward  the 
river  from  the  land  side,  or  pocketed  in  the  porous  material  along  and 
under  the  river  bed;  and  though  the  stages  of  the  river  will  have  an 
influence  on  the  elevation  of  this  ground-water,  it  would  not  imply 
any  flow  from  the  river  to  the  wells. 

Several  years  ago  the  writer  had  occasion  to  test  the  influence  of 
continuous  pumping  for  2  months  from  a  gallery  or  well  sunk  in  a 
gravel  bed  along  the  Iowa  River,  and,  for  the  purpose  of  defining  the 
extent  of  the  water  field,  several  observation  wells  were  driven  at 
distances  ranging  from  100  to  8  325  ft.  from  the  gallery.  A  level 
base  and  bench-marks  were  established,  and  the  levels  of  the  water 
in  the  gallery  and  in  the  observation  wells  before  and  during  pumping 
were  noted  from  time  to  time  and  carefully  referenced  to  the  base. 
The  pumping  was  continuous,  day  and  night,  for  62  days,  and  the  ele- 
vations of  the  water  in  the  gallery  and  in  the  observation  wells,  at 
the  beginning,  during,  and  at  the  end  of  this  period  are  shown  on 
Fig.  15. 

Although  the  test  wells  shown  on  Fig.  15  range  from  100  to  more 
than  8  300  ft.  in  a  direct  line  from  the  pumping  well  or  gallery,  they 
were  distributed  east,  west,  and  northwest  from  it,  so  as  to  include  the 
water  field  which  it  was  thought  would  be  affected  by  the  test.  Fig.  15 
shows  some  curious  results,  with  reference  especially  to  observation 
wells  Nos.  10,  11,  and  12,  all  of  which  were  open  and  penetrated  the 
sand  and  gravel  water-bearing  strata,  and  in  which  the  water  levels 
fell  from  time  to  time  during  the  test. 

Though  the  water  in  No.  12  dropped  1.20  ft.  during  the  62  days 
of  pumping,  at  the  end  of  the  period  the  surface  of  the  water  therein 
was  considerably  above  the  general  elevation  of  other  wells  nearest  to 
it  in  point  of  distance  and  in  the  same  general  direction  from  the 
pump  well  (northwest). 

On  the  other  hand,  the  water  level  in  Nos.  10  and  11,  which  were 
east  of  the  pump  well,  w^as  at  no  time  as  high  as  in  the  nearest  wells 
in  point  of  distance,  although  not  lying  in  the  same  direction  from  the 
pump  well.     The  only  explanation  for  this  discrepancy  that  could  be 
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given  at  the  time  of  the  test  was  that  the  wells  were  on  lower  ground 
and  nearer  the  river,  and  might  have  been  supplying  the  river  rather 
than  the  test  pump  well.  In  attempting  to  draw  smooth  curves  on 
the  diagram  for  the  elevations  at  the  beginning  and  end  of  the  test, 
Nos.  10,  11,  and  12  were  omitted,  all  the  others  lying  sufficiently  near 
to  a  smooth  curve  to  indicate  the  probable  water  level  at  the  beginning 
and  end  of  the  test. 
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"Reference  to  tlie  diagram,  upon  which  have  been  plotted  the 
elevations  of  water  in  the  pump  well  and  observation  wells,  will  show 
the  mean  curve  of  water  level  which  existed  in  the  known  area  affected 
by  pumping  on  September  18th.  All  water  in  the  field  above  this 
curve  has  been  pumped  away  or  lost  by  natural  causes,  and  for  the 
rate  of  pumpage  from  the  test  pump  well  at  that  time  [693  000  gal. 
per  day]  this  curve  represents  the  average  condition  throughout  the 
field. 

"The  facts  obtained  from  the  experimental  work  [in  Iowa]  con- 
ducted during  the  summer  [1899]  are  as  follows: 
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"The    total    amount    of    water    pumped   from    the    test    well    from       Mr. 
July  24th  to  September  21st,  inclusive,  was  38  79G  662  gal.,  an  average  "'•  "^^  "'"• 
of  646  600  gal.  per  day.     During  this  interval  of  time,  from  the  data 
submitted,  the  water  level  in  the  test  pump  well  was  lowered  from 
Elevation  87.78  to  Elevation  73.93,  or  13.85  ft. 

"The  total  rainfall  reported  after  July  24th  aggregates  6.03  in., 
and,   applying  this  to  the  area  embraced  in  the  investigations,   viz., 

1  367.4  acres,  and  allowing  an  absorption  of  40%  by  the  sand  and 
gravel  overlying  the  rock  and  under  the  top  soil  and  clay,  the  absorbed 
rainfall  within  the  field  of  observation  amounts  to  89  .555  837  gal., 
or  more  than  twice  the  pumpage  from  the  test  pump  well  for  the  inter- 
val of  time  during  which  the  rainfall  was  reported. 

"The  loss  of  head  or  lowering  of  water  level  from  all  causes  within 
the  field  of  observation  during  57  days  of  pumping  was  approximately 

2  ft.,  equivalent  to  a  loss  in  the  field  of  235  251 147  gal.,  to  which 
add  the  estimated  absorbed  rainfall,  making  the  total  estimated  loss 
from  all  causes  324  806  984  gal.,  of  which  the  pumpage  from  the  test 
well  was  about  12  per  cent." 

An  interesting  part  of  Mr.  Hall's  paper  relates  to  the  cost  of  the 
Smith  system  of  filtration.  This  is  stated  as  $80  700  for  a  capacity 
of  170  000  gal.  per  hour,  or  4  000  000  gal.  per  24  hours,  or  more  than 
$20  000  per  million  gallons  of  daily  capacity.  This  is  a  very  high  cost 
for  a  system  of  filtration  of  this  kind.  Elaborate  slow  sand  filters  of 
the  type  adopted  by  Philadelphia,  Pittsburgh,  Washington,  etc.,  cost  no 
more,  and  are  of  such  a  character  that  the  operation  may  be  observed 
from  day  to  day,  and  controlled  in  capacity  and  efiiciency;  and  rapid 
mechanical  sand  filters  would  have  cost  at  Parkersburg  (in  1911) 
about  one-half  as  much  per  million  gallons  of  capacity  as  the  Smith 
system. 

The  performance  of  slow  and  rapid  sand  filters  can  be  fully  con- 
trolled, and  maintained  at  high  efiiciency,  regardless  of  river  stages 
and  other  unavoidable  conditions  which  are  calculated  to  operate 
against  sand  filters  of  the  Smith  type. 

The  guaranty  of  4  000  000  gal.  per  day  for  a  total  area  of  1.65 
acres  is  equivalent  to  2  426  000  gal.  per  acre  per  day,  or  about  the 
capacity  of  plain  sand  filters  operating  without  any  preliminary 
filtration. 

The  manner  of  making  payments  for  the  Parkersburg  filter  was 
unusual.  A  retention  of  55%  of  the  contract  price  for  one  year 
after  completing  the  construction  indicates  that  there  must  have  been 
a  sublime  faith,  on  the  part  of  the  contractor,  in  the  final  performance 
of  the  filter  system. 

Alexander   Potter,*   Assoc.    M.   Am.    See.    C.    E. — The   City   of    Mr. 
Parkersburg  is  to  be  commended  for  its  courage  in  putting  in  opera-  ^""'^''■ 
tion  the  so-called  natural  slow  sand  filtration  method  of  procuring  a 

*  New  York  City. 
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Mr.    supply  of  pure  water.     This  method  has  been  advocated  so  vigorously 

Pottpr 

by  its  proponents  and  has  been  opposed  so  bitterly  by  its  antagonists 
that  a  plant  of  this  kind  actually  constructed  should  prove  of  a  distinct 
advantage  in  demonstrating  what  is  of  scientific  value  in  the  plan 
and  what  of  a  distinctively  personal  bias  on  both  sides  of  the  much 
controverted  subject. 

The  speaker  has  watched  with  much  interest  the  attempts  which 
have  been  made  from  time  to  time  to  solve  successfully  the  problem 
of  so-called  natural  filtration.  There  can  be  no  doubt  that  the  suc- 
cessful establishment  of  such  a  plant  will  meet  with  pojjular  favor, 
and  therefore  such  a  project  should  be  given  a  fair  and  impartial  trial. 

The  speaker  recalls  that  on  an  invitation  for  competitive  plans 
for  a  new  water  supply  from  the  City  of  Evansville,  Ind.,  in  1893, 
fourteen  or  fifteen  engineers  submitted  plans.  In  this-  competition 
George  S.  Davison  and  W.  G.  Wilkins,  Members,  Am.  Soe.  C.  E.. 
were  awarded  the  first  prize,  the  speaker  received  the  second  prize,  and 
Arthur  S.  Tuttle,  M.  Am.  Soc.  C.  E.,  the  third  prize.  The  plan 
recommended  by  the  speaker  was  submerged  filter  galleries  on  a  sand- 
bar in  the  bed  of  the  Ohio  River,  and,  as  he  recalls  it,  most  of  the 
fourteen  competitive  plans  contemplated  similar  treatment. 

Though  the  speaker's  project  was  not  developed  by  the  city,  the 
study  made  at  that  time  convinced  him  that,  given  proper  river  con- 
ditions, infiltration  galleries  can  be  designed  to  give  a  uniform  and 
pure  effluent. 

The  uniformly  good  results  secured  in  temperate  climates,  how- 
ever, by  rapid  or  slow  sand  filtration,  clearly  limit  the  field  of  opera- 
tion of  the  so-called  natural  slow  sand  filtration  process,  or  infiltration 
galleries,  to  places  where  the  cost  of  the  latter — the  first  cost  plus 
oi^erating  charges — is  less  than  mechanical  or  slow  sand  filtration. 
In  the  tropical  zone,  however,  a  strong  prejudice  exists — and  rightly 
so — against  the  use  of  stored  water,  even  when  filtered,  consequently, 
the  development  of  a  supply  from  infiltration  galleries  warrants  a 
higher  cost  than  is  involved  in  the  construction  of  mechanical  filtra- 
tion with  adequate  storage. 

Though  the  analyses  of  the  water  included  in  the  paper  show  a 
satisfactory  effluent,  they  represent,  unfortunately,  only  a  limited 
period.  From  the  statement  made  by  the  author,  it  appears  that 
radical  changes  must  be  introduced  in  the  details  of  the  system  in 
order  to  prevent  a  recurrence  of  the  condition  found  when  the  beds 
were  examined  after  having  been  in  service  about  3  years.  The  author 
states  that  conical  holes  were  discovered  in  the  sand,  having  diameters 
of  from  5  to  10  ft.  and  from  3  to  3J  ft.  deep. 

It  is  evident  that  at  all  stages  of  the  river,  except  extreme  low- 
water,  difficulties  will  be  experienced  in  maintaining  a  uniform  depth 
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of  sand  over  the  filters,  and  that,  under  certain  conditions  beyond  Mr. 
the  control  of  the  operator,  raw  water  in  large  quantities  may  pass  ^o"^""- 
directly  into  the  city  supply,  thus  breaking  down  the  barrier  against 
typhoid  fever.  If  no  adequate  remedy  can  be  provided,  either  to  pre- 
vent blow-outs  due  to  back-flushing,  or  to  restore  positively  and 
promptly  the  sand  over  the  strainers  when  such  blow-outs  occur,  the 
system  particularly  described  by  the  author  must  be  considered  a 
failure,  no  matter  how  successful  it  may  be  most  of  the  time. 

With  Messrs.  Gray,  Hall,  and  others,  standing  sponsor  for  the 
success  of  the  Parkersburg  system,  it  is  to  be  hoped  that  the  best  and 
most  intelligent  care  will  be  given  to  its  proper  maintenance,  and 
that  every  effort  will  be  made  to  correct  the  defects  already  apparent, 
which  prevent  it  from  producing  a  uniformly  dependable  effluent  at 
all  times. 

A  water  supply  is  not  built  for  a  few  years,  or  for  a  decade,  but  for 
a  lifetime,  and  because  there  are  those  who  prefer  some  other  system, 
no  matter  what  the  local  conditions  may  be,  engineers  should  not 
blind  their  eyes  to  the  importance  of  giving  a  fair  trial  to  this  method 
of  water  purification. 

Passing  to  the  question  of  infiltration  galleries  proper,  there  is  no 
good  reason  why  they  cannot  be  designed  to  maintain  a  constant  flow 
and  not  gradually  decrease  and  ultimately  become  obsolete,  as  is  gen- 
erally the  case.  They  should  be  as  dependable  as  the  identical  natural 
process  of  ground-water  seepage  into  surface  streams.  An  infiltra- 
tion gallery,  to  be  permanently  successful,  must  never  be  forced  to 
such  an  extent  as  to  allow  it  to  be  partly  emptied.  When  it  is  partly 
empty,  high  velocities  are  set  up  in  its  vicinity,  which,  in  time,  cause 
the  silting  up  of  the  filter  media  immediately  surrounding  the  gallery, 
which  condition  slowly  but  inevitably  results  in  the  breaking  down  of 
the  system. 

It  is  not  a  difficult  matter  to  regulate  the  output  from  a  given 
infiltration  gallery  so  that  it  cannot  exceed  a  predetermined  maximum 
discharge,  and,  by  so  doing,  the  lowering  of  the  ground-water  plane 
below  the  top  of  the  gallery  can  be  prevented,  which  condition  will 
keep  entrance  velocities  within  safe  limits  and  thus  maintain  in- 
definitely the  integrity  of  the  system. 

Throughout  the  country  there  exist  large  deposits  of  sand  and 
gravel  which,  if  intelligently  treated,  can  be  counted  on  to  yield  large 
supplies,  and  there  are  also  sand  and  gravel  deposits  in  which  the 
depleted  water  supply  can  be  augmented  by  the  construction  of  large 
storage  reservoirs  over  such  a  system  of  infiltration  galleries.  These 
reservoirs  function  as  feeders  to  the  infiltration  galleries  constructed 
within  the  confines  of  the  subterranean  basin. 

The  maximum  rate  of  downward  filtration  which  can  be  main- 
tained permanently,  is  still  a  mooted  question.     In  the  Morris  Canal, 
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Mr.     the  leakage,  after  100  years  of  service,  averages  at  the  present  time 
Potter.  ^  2gQ  QQQ  g^j_  ^^g^  ^.|^^  ^^  ^^.^^^  ^^^^^  2QQ  QQQ  ^^  2gQ  QQQ  g.^^_  p^^  ^^j.^ 

per  day.  A  filter  gallery  constructed  parallel  and  adjacent  to  the 
Morris  Canal  could  be  counted  on  to  derive  indefinitely  1  250  000  gal. 
per  mile  per  day  from  the  canal  proper.  Although  feasible  to  draw 
off  water  for  short  periods  at  higher  rates  than  this,  such  an  attempt 
might  prove  disastrous,  as  rates  of  leakage  in  excess  of  the  natural 
flow  might  cause  the  bottom  of  the  canal  to  silt  up,  resulting  in  a 
possible  break-down  in  the  gallery. 

The  attention  of  engineers  must  be  devoted  more  and  more  to  the 
determination  of  safe  yields  from  such  underground  supplies  and  gal- 
leries, and  to  the  method  of  controlling  the  draft  therefrom  to  pre- 
determined and  safe  quantities. 

Mr.  George  W.  Fuller,*  M.  Am.  Soc.  C.  E. — This  is  quite  an  unusual 

paper.  It  deals  with  local  politics  and  personalities,  exploits  some  of 
the  general  features  of  the  laws  of  hydraulics  pertaining  to  under- 
ground water  supplies,  and  closes  with  a  descriiDtion  of  a  filtration 
project  which  is  unique. 

In  association  with  James  W.  Fuertes,  M.  Am.  Soc.  C.  E.,  the 
speaker  reported  on  the  situation,  after  Morris  Knowles,  M.  Am.  Soc. 
C.  E.,  had  been  called  to  Parkersburg  to  advise  as  to  whether  a  well- 
water  project  was  feasible,  and  preferable  to  filtration  of  the  polluted 
and  impure  water  of  the  Ohio  River. 

Mr.  Knowles'  general  viewpoint  was  that  a  well-water  project  was 
a  fairly  feasible  one.  That  report  produced  some  differences  of  opinion 
in  the  community,  with  the  result  that  a  Board  of  Engineers  was 
appointed  to  make  further  investigations. 

The  speaker  agreed  with  Mr.  Fuertes  that  a  mechanical  filtration 
system  was  to  be  preferred  to  a  well-water  system.  Whatever  merit 
there  may  be  in  the  Fuertes  and  Fuller  report  is  not  in  the  detailed 
results  set  forth  in  the  paper,  but  rather  in  the  careful  application  of 
the  fundamental  principles  involved. 

Effort  was  made  to  explain,  as  engineers,  to  a  community  that  had 
its  well-defined  factions,  the  underlying  principles  involved.  In  out- 
line, the  fundamental  propositions  involved,  are  first,  that,  for  an 
adequate  underground  water  supply,  it  is  necessary  to  determine 
whether  or  not  there  are  sufficient  porous  water-bearing  strata;  second, 
where  does  the  water  come  from,  which  supplies  the  strata;  third, 
where,  under  present  conditions,  does  that  water  go;  and,  fourth, 
what  is  the  best  way  to  collect  that  water  for  municipal  water  su])ply 
purposes. 

Some  rathel-  unusual  conditions  are  found  above  Parkersburg.  in 
that  there  is  a  rocky  promontory,  a  few  miles  above  the  city,  which 

*  New  York  City. 
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makes  a  rock  dam  across  the  Ohio  River.  Consequently,  there  is  no  Mr. 
large  ilow  of  water  in  this  vicinity  beneath  the  bed  of  the  river.  The  ^^"^''• 
old  river-bed  undoubtedly  swung  to  the  south,  against  the  West 
Virginia  foot-hills.  The  surface  water  from  those  impervious  hills 
came  out  above  an  impervious  stratum  at  the  surface  of  the  bottom- 
lands, and  found  its  way  into  the  river,  not  through  the  underground 
porous  strata,  but  as  a  surface  stream  flowing  over  the  impervious 
clay  and  silt  directly  to  the  river. 

Then,  it  was  found  necessary  to  reckon  with  a  partial  flow  from 
a  very  limited  drainage  area  of  the  river  plain,  or  bottom-lands,  plus 
the  underground  flow  of  water  to  the  wells  from  the  adjacent  Ohio 
River.  The  various  hydrographs  in  the  paper  show  some  rather 
unusual  conditions.  They  show  in  this  river  plain  a  very  marked  rela- 
tion between  the  widely  fluctuating  water  level  of  the  river  and  the 
water  level  in  the  deep  gravel  strata  into  which  the  wells  were  driven. 

The  obvious  deduction  was  that  during  high  river  stages  there 
was  plenty  of  water  which  would  flow  to  wells  that  might  be  sunk  in 
the  bottom-lands  near  the  river.  When  the  river  level  was  very  low, 
there  was  not  only  a  gradually  receding  water-table  in  the  bottom-lands, 
with  the  water  from  the  land  side  making  its  exit  into  the  river,  but 
there  was  also  the  very  striking  difiiculty  of  having  only  small  volumes 
of  river  water  flowing  back  in  a  reverse  direction  from  the  river  to 
the  system  of  wells. 

That  small  increment  of  naturally  filtered  river  water  in  the  gravel 
strata  was  due,  of  course,  to  the  blanket  of  silt  and  clay  which  formed 
on  the  bottom  and  sides  of  the  Ohio,  at  times  when  the  flow  down  the 
river  was  insufiicient  to  produce  a  scouring  velocity  to  push  it  away. 

The  ground-water  proposition  was  abandoned  for  the  reason  that 
there  was  not  water  in  ample  quantities  coming  from  the  land  side, 
and,  as  to  that  coming  from  the  river  side,  it  was  very  uncertain  whether 
at  times  of  low  water  the  blanket  or  carpet  of  clogging  materials  on 
the  river-bed  could  be  disturbed  so  as  surely  to  allow  water  to  reach 
those  wells.     Mechanical  filters  were  recommended. 

S.  M.  Gray,  M.  Am.  Soc.  C.  E.,  was  called  in  to  review  this  propo- 
sition, after  an  injunction  suit  precluded  carrying  out  the  recommenda- 
tions of  the  Fuertes  and  Fuller  report.  Mr.  Gray  recommended  a 
project  which,  although  it  may  have  been  adopted  in  certain  respects 
in  other  communities,  was  new  in  its  entirety,  as  far  as  the  speaker 
knows,  in  a  city  of  this  size.  The  Smith  system  appears  to  be  essen- 
tially an  old-fashioned  slow  sand  filter  layout,  without  any  impervious 
concrete  bottom,  without  any  concrete  walls,  and  with  reliance  placed 
on  two  things  to  maintain  the  supply  during  the  very  varying  stages 
of  the  Ohio  River,  ranging  from  about  5  to  60  ft.,  from  minimum  to 
maximum,  in  a  cycle  of  a  few  months. 
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Mr.  During  the  high  stages,  the  velocity  of  the  flow  is  so  great  as  to 

"  ^^'  scour  away  the  silt  deposits  on  the  surface  of  the  sand  bed.  To  main- 
tain quality  and  quantity  of  output  at  times  of  low  river  stages,  when 
there  is  not  a  scouring  velocity  for  the  removal  of  surface  deposits, 
Mr.  Gray  has  endorsed,  and  there  has  actually  been  built  at  Parkers- 
burg,  a  project  with  some  of  the  earmarks  of  a  mechanical  filter.  It 
has  a  pipe  system  scattered  over  the  bottom  of  1§  acres  of  sand  resting 
on  gravel  of  one  grade,  and,  at  intervals,  it  is  proposed  to  back-flush 
one-fifth  of  that  area,  or  3-  acre;  and  on  that  J  acre,  it  is  proposed  to 
use  about  40  000  gal.  during  an  interval  of  15  or  20  min.  to  remove 
these  clogging  materials. 

From  the  standpoint  of  hydraulics,  the  speaker  is  a  little  disap- 
pointed that  we  have  not  obtained  from  Mr.  Gray  or  his  assistant,  Mr. 
Leland,  some  of  the  details  with  respect  to  that  proposition.  It  brings 
up  several  queries:  In  the  first  place,  as  regards  cleaning  mechanical 
filters,  the  fundamentals  are,  in  a  rough  way,  that  the  summation 
of  exit  area  of  the  orifices  through  which  filtered  water  has  to  pass 
should  be  less  than  the  area  of  the  distributing  pipe.  Otherwise,  the 
proper  pressure  is  not  obtained  to  force  water  through  every  orifice 
throughout  that  area,  so  as  to  lift  and  wash  the  sand  thoroughly,  say, 
with  a  vertical  rise  of  wash-water  of  from  8  to  12  in.  per  min.  At 
Parkersburg,  the  sand  is  not  cleaned  so  uniformly,  but  the  facts  as  to 
distribution  of  wash-water  are  not  made  plain. 

Of  course,  it  must  be  recognized  that  this  is  not  a  proposition 
directly  comparable  with  a  mechanical  filter,  where  wash-water  is  sent 
at  high  velocity  through  a  strainer  system  under  every  square  foot  of 
filter  bed  in  order  to  give  a  thorough  cleaning.  This  Smith  system 
seems  to  be  one  of  those  arrangements  where  back-flushing  is  used 
simply  to  lift  the  clogging  material  sufficiently  so  that  whatever  flow 
there  may  be  in  the  river  may  be  sufficient  to  move  that  m-aterial 
beyond  this  area. 

Slow  sand  filters  are  back-filled,  of  course,  very  slowly,  in  order  to 
remove  air,  and  Kirkwood's  book  on  filtration  states  that,  more  than 
50  years  ago,  such  a  filter  at  Tours,  France,  was  cleaned  by  back- 
flushing.  However,  it  is  stated  by  Kirkwood*  that  the  head  of  water 
was  insufficient  and  the  process  was  not  successful. 

To  build  this  filtration  system  of  1§  acres  at  Parkersburg  has  cost 
$80  000.  That  is  a  somewhat  larger  sum  than  was  spent  at  Lawrence, 
Mass.,  for  building  in  1893  an  open  filtration  plant  extending  over  2A 
acres.  The  speaker  does  not  recall  what  Mr.  Fuertes  and  he  reported 
with  respect  to  the  cost  of  mechanical  filters  at  Parkersburg,  but  is 
inclined  to  tliink  that  it  was  markedly  less  than  that  of  the  Smith 
system. 

*  Pp.  125-126. 
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Speaking  about  costs,  mention  should  be  made  of  one  point  that    Mr. 
is  set  forth  on  page  30  of  the  paper,*  where  it  is  stated:  fuller. 

''It  is  gratifying  to  note  that  the  new  pumping  equipment  has 
eifected  an  economy  siifficient  to  pay  the  capital  charges  on  the  bond 
issue  required  by  the  new  plant." 

As  a  citizen  of  Parkersburg  and  a  member  of  the  Water  Board, 
Mr.  Hall  is  entitled  to  a  great  deal  of  commendation  if  he  is  able  to 
establish  a  new  and  reliable  plant  without  any  added  cost  to  the  tax- 
payers; and  the  low  operating  expense  of  the  Smith  system  is  certainly 
one  of  its  strongest  points. 

This  Smith  system,  which  is  understood  to  be  patented,  has  not 
been  exploited  at  many  other  places.  At  Henderson,  Ky.,  it  was 
reported  on  by  Philip  Burgess,  M.  Am.  Soc.  C.  E.,  and  found  to  have 
some  local  merit.  George  A.  Johnson,  M.  Am.  Soc.  C.  E.,  and  his 
associates  at  Wheeling,  W.  Va.,  reported  on  it  at  great  length,  with 
unfavorable  conclusions. 

It  is  interesting  that,  within  the  past  6  months,  Mr.  Leland  has 
overhauled  the  sand  and  gravel,  in  connection  with  back-flushing,  rather 
early  in  the  period  of  drought  in  1916. 

With  regard  to  quality,  the  water  furnished  by  the  Smith  system 
is  generally  of  good  appearance.  In  point  of  hardness,  it  does  not  vary 
markedly  from  that  of  the  Ohio  River.  In  that  respect,  it  compares 
with  what  would  be  produced  by  a  filter  plant  of  any  kind. 

With  regard  to  the  bacteriological  aspect  of  the  water,  it  is  doubtful 
whether  it  is  of  as  good  a  quality  as  would  be  afforded  by  any  of  the 
so-called  standard  modern  filter  systems  or  as  good  a  water  as  the 
people  of  Parkersburg  ought  to  obtain.  It  is  rather  doubtful  whether 
this  water  supply  is  able  to  comply  with  the  standards  of  the  United 
States  Government,  as  set  forth  by  the  United  States  Public  Health 
Service,  a  branch  of  the  Treasury  Department,  viz.,  not  more  than 
2  B.  coli  per  100  cu.  cm. 

That  Department  has  provided  certain  tests  for  intestinal  bacteria 
in  waters  supplied  to  Interstate  carriers.  Looking  over  the  analyses 
on  page  65,*  it  is  doubtful  whether  the  City  of  Parkersburg  could  sell 
water  to  the  railroads  which  pass  through  it  and  not  get  into  trouble, 
if  there  should  be  a  thorough  analytical  study  of  the  water. 

In  making  that  comment,  it  is  only  fair  to  state  that  this  is  a 
wonderfully  transitional  age,  in  point  of  water  quality.  Many  cities 
are  supplying  water  of  the  highest  type  in  point  of  quality,  either  by 
filtration  or  by  the  elimination  of  sources  of  pollution.  By  this  means 
the  typhoid  death  rates  of  American  cities  have  been  reduced  to  a 
point  which  seemed  almost  inconceivable  10  or  even  5  years  ago.     We 

*  Proceedings^  Am.  Soc.  C.  E.,  January,  1917. 
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Mr.  have  death  rates  to-day,  in  cities  supplied  with  filtered  surface  water, 
which  are  as  low  as  those  found  in  European  cities,  in  Holland,  and  in 
certain  Rhinish  districts,  where  they  have  pure  water  from  under- 
ground sources. 

There  is,  however,  a  very  anomalous  situation  prevailing  in  America 
to-day,  in  that  in  some  of  the  surface  water  supplies  there  seem  to 
be  bacteria  of  many  different  kinds,  which  are  classed  by  laboratory 
men  as  members  of  the  B.  coli  group.  Some  of  them  are  said  to  be 
the  sour  milk  bacteria — whatever  that  may  be.  Others  are  said  to  be 
bacteria  which  grow  on  grain  and  are  found  in  soils. 

In  certain  districts,  where  there  is  a  purely  rural  population,  with 
here  and  there  a  scattered  village,  it  is  said  that  there  are  water  sup- 
plies which  are  so  polluted,  according  to  laboratory  evidence,  that  they 
could  not  reasonably  meet  the  Government  standards,  even  after 
filtration. 

In  relation  to  this  matter,  it  may  be  stated  that  there  will  be  pub- 
lished within  the  next  few  weeks  a  new  edition  of  the  so-called 
"Standard  Methods  of  Water  Analysis"  (American  Public  Health 
Association), -the  purpose  of  which  is  to  separate  some  of  these  forms 
of  bacteria  from  the  so-called  bacillus  coli.  Just  where  it  will  lead 
is  not  known,  but  the  situation  to-day,  in  point  of  quality  of  water 
supply  for  American  cities,  is  a  very  anomalous  one.  It  is  not  readily 
known  whether  any  given  city  is  living  up  to  the  legal  requirements 
of  the  Federal  Government;  and,  if  it  is  not,  it  is  not  known  whether 
the  apparent  fault  is  genuinely  attributable  to  sewage  pollution, 
whether  it  is  due  to  laboratory  caprices  in  reference  to  the  sour  milk 
bacteria,  whether  it  is  due  to  harmless  bacteria  that  grow  on  grain, 
or  whether  it  is  the  fault  of  the  handling  of  water  by  filtration,  or 
otherwise. 

It  is  hoped  that  the  next  year  or  so  will  see  a  sharp  turn  in  the 
road,  a  change  from  the  uncertainty  of  the  past  to  a  definiteness  of 
assignment  between  cause  and  effect,  so  that  there  surely  will  continue 
the  improvement  in  quality  which  is  one  of  the  striking  features  of 
the  past  generation  in  the  point  of  municipal  water  supply. 

The  speaker  is  glad  that  the  author  has  presented  this  paper.  It 
sets  forth  some  simple  truths  which  could  be  considered  to  advantage 
by  all  who  are  interested  in  the  subject.  He  has  not  been  very  prolific 
in  setting  out  the  specific  details  of  the  Smith  system,  and  it  is  to  be 
hoped  that  more  data  may  be  obtained  later. 

Mr.  Potter's  remarks  bring  up  a  question  that  is  very  active  in  the 
interpretation  of  the  treaty  passed  in  1912  between  the  United  States 
and  Great  Britain,  with  respect  to  controlling  the  pollution  of 
boundary  waters.  There  has  been  under  discussion  now  for  about  3 
or  4  years  the  wording  of  a  procedure  to  stipulate  plainly  what  shall  be 
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the  quality  of  the  boundary  waters,  so  that  life  or  property  on  one  side    Mr. 

Fuller 
of  the  boundary  shall  not  be  affected  prejudicially  by  those  who  dis- 
charge sewage  into  these  waters  on  the  other  side.  After  the  many 
efforts  made  by  the  Canadian  and  United  States  Governments  to  solve 
that  question,  it  would  be  better  to  wait  until  we  get  further  evidence 
from  those  who  are  at  present  studying  it. 

With  regard  to  Mr.  Potter's  remarks  on  the  so-called  intestinal 
bacteria,  some  men  want  to  exploit  water  analyses  very  quickly  in 
laboratories,  where  the  results  are  to  be  used  by  the  men  responsible 
for  the  management  of  a  filter  plant,  or  by  those  who  direct  the 
endeavors  of  a  large  number  of  inspectors  on  a  water-shed.  Presumi?- 
tive  tests  are  not  well  thought  of  by  those  who  desire  to  form  an 
opinion  on  the  intrinsic  merit  of  the  sanitary  quality  of  water,  and 
especially  in  the  comparison  of  different  waters.  For  the  past  10  or 
no  years  there  have  been  growing  up  two  factions  with  respect  to 
applying  laboratory  methods  to  the  control  of  water  supplies.  The 
men  in  one  set  want  to  get  results  in  24  hours.  They  have  had  their 
way  for  the  last  6  or  10  years.  They  have  brought  into  municipal 
water  reports,  during  the  last  few  years,  a  set  of  results  which  have 
helped  the  filter  operator,  but,  to  the  men  who  have  given  years  in 
attempting  to  control  water  pollution,  these  results  are  open  to 
grave  suspicion  and  are  exceedingly  difficult,  if  not  impossible,  of 
interpretation. 

On  considering  these  figures  in  type  in  a  municipal  report,  without 
any  personal  knowledge  of  the  environment  to  which  these  data  apply, 
trouble  ensues.  Some  of  these  bacteria,  classed  as  B.  coli,  innocent  as 
they  may  be,  may  multiply  and  breed  in  water  under  certain  tem 
peratures.  This  certainly  adds  to  the  complications.  There  ought  to 
be  a  marked  change  with  respect  to  laboratory  data  for  the  sanitary 
control  of  the  quality  of  water  supplies  in  America.  Engineers  must 
recognize  two  distinct  phases,  one,  the  quick  result  to  help  the  filter 
operators  and  the  men  who  direct  inspectors.  When  it  is  desired  to 
get  a  measure  of  sanitary  quality,  however,  it  is  necessary  to  go  deeper 
and  further,  and  to  take  8  or  9  days  for  analysis,  something  which  the 
filter  operator  will  not  tolerate.  On  the  proposition  of  telling  whether 
or  not  a  water  will  measure  up  to  prescribed  sanitary  requirements,  it 
seems  highly  important  to  make  every  effort  to  separate  fecal  from  non- 
fecal  bacteria  in  the  laboratory. 

Nicholas  S.  Hill,  Jr.,*  M.  Am.  Soc.  C.  E.— Mr.  John  W.  Hill  and      Mr. 
Mr.  Fuller  have  covered  this  paper  so  thoroughly  that  it  leaves  very     '  jr.  '  ' 
little  to  be  said  in  the  way  of  discussion.     The  speaker  certainly  agrees 
with  both  of  them  in  their  criticism  of  the  Parkersburg  system. 

*  New  York  City. 
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Mr.  The  situation  in  Parkersburg  recalls  a  condition  that  so  often  exists, 

'  ■  Jr.  '  and  the  futility  of  expert  reports  under  certain  conditions,  that  is,  the 
natural  tendency  of  people  to  adopt  a  so-called  pure  underground  water 
supply,  with  all  its  uncertainties  as  to  quantity,  rather  than  the  accept- 
ance of  a  surface  water  supply  of  known  abundance,  treated  with 
modern  processes  which  have  a  known  efficiency. 

The  use  of  underground  waters  is  not  without  dangers;  and,  with- 
out discussing  this  paper  in  detail,  it  might  be  well  to  call  attention  to 
a  situation  which  sometimes  arises  where  underground  water  supplies 
are  developed.  The  speaker  alludes  more  particularly  to  the  East 
Orange  water  supply  in  New  Jersey,  and  will  refer  to  the  case  of 
Harper  versus  the  Mountain  Water  Company.  This  case  was  tried 
at  Somerville,  N.  J.,  before  the  Hon.  William  J.  Magie,  then  Chief 
Justice.*     The  following  is  a  passage  from  the  Judge's  charge: 

"I  think  I  should  first  give  you  what  the  law  defines  as  the  rights 
of  parties  respecting  water  running  in  streams.  Any  one  owning  on 
the  banks  of  a  stream  of  running  water  is  entitled  by  law  to  have  the 
waters  of  the  stream  come  down  to  him  in  their  natural  flow,  uncon- 
taminated,  unreduced,  and  unobstructed,  except  so  far  as  Nature 
affects  them.  Persons  owning  above  the  line  of  the  person  who  has 
these  rights  have  also  rights  in  the  water  passing  them,  and  their 
right  is  to  have  the  water  pass  them  and  go  down  to  those  below  unaf- 
fected by  obstruction  from  below  or  unaffected  by  obstruction  or 
abstraction  from  above;  each  of  these  parties  has  a  right  to  the  use 
of  the  water,  which  is  a  reasonable  use  of  the  water  as  it  passes.  Water 
may  be  thus  used  for  irrigation,  for  the  watering  of  cattle,  for  the 
use  of  water  around  buildings  and  houses,  for  the  use  of  water  to 
produce  power  and  thereby  run  mills  or  whatever  else  power  may  be 
applied  to.  I  say  the  riparian  owner,  that  is,  the  owner  on  the  bank 
of  the  stream,  has  the  right,  the  right  to  water  coming  down  from 
above  unobstructed,  unpolluted,  and  in  its  natural  flow." 

The  same  rule  has  been  applied  to  a  clear  case  of  a  subterranean 
stream,  and  apparently  no  distinction  is  drawn,  whether  the  under- 
ground water  is  regarded  as  percolating  water  or  water  of  a  well- 
defined  subterranean  stream. 

Vice-Chancellor  Magie  proceeded  to  say  that  though  a  person  or 
company  might  strike  underground  streams  and  abstract  underground 
water  which  "might"  come  to  the  surface,  and  might  carry  this  per- 
colating water  off  and  sell  it,  yet,  if  by  their  works  they  abstracted 
the  water  or  reduced  the  level  of  springs  or  streams  which  "had"  come 
to  the  surface,  it  was  an  actionable  wrong.  The  words  "might"  and 
"had"  in  this  case  are  emphatic.  The  jury  was  directed  that,  if  it  was 
shown  by  a  preponderance  of  evidence  that  the  defendant  had  ab- 
stracted an  appreciable  quantity  of  water  which  "had"  come  to  the 
surface  in  a  pond,  spring,  or  stream,  so  as  to  diminish  the  flow,  and 

*  A  convenient  summary  of  this  case,  by  Vice-Chancellor  Emery,  may  be  found 
in   20  Dickinson,   p.  479. 


Papers.]  ♦DISCUSSION:  WATER  SUPPLY  OF  PARKERSBURG,  \\.  VA.       485 

had  done  this  either  by  pumping  from  the  stream  or  from  a  well,  or       Mr. 
by  both,  then  the  plaintiffs  were  entitled  to  damages.  Jr. 

Later,  there  has  been  the  decision  in  the  case  of  Frank  Meeker 
versus  the  Mayor  and  City  Council  of  East  Orange.  The  City  of 
East  Orange  recently  established  an  underground  water  supply,  deriv- 
ing its  water  through  wells  about  150  ft.  deep.  The  plaintiff  stated 
that,  before  and  at  the  time  of  the  establishment  of  wells,  he  owned 
certain  property  and  lands  in  Millburn  and  Livingston,  having  an 
area  of  about  100  acres,  that  by  reason  thereof  he  was  entitled  to  the 
benefit  and  advantage  of  a  certain  spring  and  stream  running  and 
flowing  into  and  through  those  lands,  and  that  the  defendants,  by 
artesian  wells,  pumps,  and  reservoirs,  did,  between  January  19th, 
1905,  and  September  25th,  1906,  divert  large  quantities  of  water  from 
said  springs  and  streams,  to  the  prejudice  of  the  plaintiff. 

Judge  Adams,  before  whom  the  case  was  tried,  charged  the  jury  as 
follows : 

"If  you  are  satisfied  that  if,  by  the  operation  of  the  defendants' 
works  in  intercepting  underground  waters,  any  existing  natural  sur- 
face stream  was  diminished  in  its  flow  on  the  land  of  Mr.  Meeker  to 
an  appreciable  extent,  he  has  suffered  an  actionable  wrong,  and  is 
entitled  to  compensation." 

Furthermore,  he  stated  that  the  alleged  diminution  of  the  surface 
streams  and  the  alleged  destruction  of  the  run-off  from  the  springs 
are  claims  independent  of  one  another,  but  covered  by  the  same  legal 
principle.     He  referred  to  the  Harper  decision,  and  stated: 

"It  is  not  easy  to  determine  just  what  inferences  are  legitimate 
from  the  language  used  by  His  Honor,  Chief  Justice  Magie,  in  dealing 
with  a  case  similar  to  this  and  yet  not  altogether  analogous.  On  the 
whole,  I  conclude  that  the  Harper  case  warrants  this  Court  in  saying 
that  when  an  existing  spring,  actual,  not  merely  potential;  visible,  not 
occult;  a  spring,  not  a  well;  brought  to  the  surface  by  natural  force, 
not  conducted  there  by  the  labor  of  man — when  such  a  spring  is 
depleted  by  subterranean  suction  occasioned  by  the  operation  of  a 
pumping  plant  like  that  at  East  Orange,  an  actionable  injury  is 
inflicted  upon  the  owner  of  the  land  on  which  the  spring  is  situated, 
for  which  the  law  will  award  sufficient  compensation." 

In  another  case,  Smith  versus  the  City  of  Brooklyn  (160  New  York, 
page  357),  the  following  principle  was  laid  down.  If  a  city,  by  the 
operation  of  a  water  system,  consisting  of  wells  and  pumps  on  its  own 
land,  drains  the  contiguous  territory,  and  thus  diverts  and  diminishes 
the  flow  of  water  in  a  natural  surface  stream  on  the  land  of  another, 
it  is  answerable  in  damages,  under  the  law  that  no  one  may  divert  or 
obstruct  the  natural  flow  of  a  stream  for  his  own  benefit  to  the  injury 
of  another. 

Under  these  decisions,  no  provision  whatever  has  been  made  for 
the  assessment  of  permanent  damages.     A  man  brings  an  action  for 
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Mr.  the  damages  resulting  from  the  diversion  of  underground  waters  for 
Jr.  '  a  definite  period,  and  asks  to  be  reimbursed  for  the  damage  which  he 
has  suffered  during  that  period.  With  surface  streams  the  damages 
awarded  are  permanent,  and  the  Courts  have  defined  their  measure  as 
the  difference  in  the  value  of  the  property  before  and  after  diversion. 
The  result  of  these  decisions  has  been  that  East  Orange  has  been  in 
constant  litigation  since  1905,  when  its  underground  system  of  water 
supply  was  started,  and  the  City  has  been  compelled  to  acquire  by 
condemnation  more  than  1  750  acres  of  land  for  which  it  has  no  specific 
use,  in  order  to  prevent  continuing  damages  from  accruing  from  year 
to  year.  This  property  has  cost  the  city  $400  000  more  than  the 
original  estimate  for  the  water  supply  system,  or  approximately  25% 
of  its  value. 

There  are  many  situations  in  which  such  a  condition  may  develop, 
and  every  engineer  should  use  great  caution  in  advising  a  municipality 
to  embark  in  an  underground  water  supply  before  satisfying  himself 
that  such  a  condition  is  not  likely  to  arise. 

The  speaker  simply  calls  attention  to  this  added  element  of  uncer- 
tainty, in  conjunction  with  consideration  of  this  paper.  It  is  not 
always  ix)ssible  to  develop  underground  water  supplies  and  be  entirely 
free  from  claims  for  damages  to  surrounding  property,  as  many  suppose. 

Mr.  Walter  E.  Spear,*  M.  Am.  Soc.  C.  E. — It  would  be  pertinent  to 

^^*'"  the  discussion  of  this  paper  to  speak  of  two  of  the  larger  German 
ground- water  works  which  derive  at  times  a  large  portion  of  their 
supply  from  adjacent  streams  in  somewhat  the  same  manner  as  the 
Parkersburg  works.  The  collecting  works  of  the  first  of  the  two 
large  ground-water  plants  supplying  Dresden — the  Saloppe  Works — 
with  which  many  members  of  the  Society  are  doubtless  familiar, 
consist  of  a  slotted  cast-iron  pipe,  about  4  700  ft.  long,  and  from  18 
to  26  in.  in  diameter,  which  is  laid  along  a  low  bank  of  the  river 
about  50  ft.  from  the  edge  of  the  water  at  ordinary  low  stages  in 
the  Elbe,  and  about  8  ft.  below  the  river  surface.  The  cover  of  sand 
and  gravel  over  the  gallery  is  about  15  ft.  The  maximum  yield  of 
this  water  in  1904  was  given  as  12  000  000  gal.  per  day.  Originally, 
it  was  believed  that  all  the  water  obtained  at  this  plant  represented 
the  ground- water  flow  from  the  upland  water-shed  that  came  slowly 
through  the  gravel  strata  in  the  broad  river  valley.  This  idea,  how- 
ever, was  soon  abandoned.  At  high  river  stages,  when  the  ground 
over  the  gallery  was  flooded,  it  was  found  that  very  considerable  quan- 
tities of  water  came  directly  from  the  river  through  the  15  ft.  of  cover. 
Ordinarily,  the  water  from  this  gallery  was  of  very  good  quality, 
but,  when  the  river  was  in  flood,  and  a  large  proportion  of  the  supply 
was   filtered   river    water,    it    showed    some    deterioration.      During    a 
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flood   in   1S96,   when   the   river   was   10   ft.   above   the   surface   of   the    Mr. 
ground   over   the   gallery,    there    were    several   thousand   bacteria    per 
cubic  centimeter   in   the  water   delivered   at  the  station.     There  was 
no  typhoid  fever. in  Dresden  as  a  result  of  the  flood,  but  many  cases 
of  intestinal  disorders  were  reported  in  the  city. 

The  Schierstein  Works,  supplying  Wiesbaden,  at  the  time  of  the 
speaker's  visit  in  1904,  drew  a  supply  of  water  from  32  wells  driven 
along  the  Rhine  at  a  distance  of  from  200  to  400  ft.  from  the  water 
at  low  river  stages.  These  wells  were  about  35  ft.  deep,  and  penetrated 
a  thick  stratum  of  sand  and  gravel,  which  was  covered  for  the  most 
part  with  a  layer  of  sandy  clay  10  ft.  or  more  in  thickness.  Ordinarily, 
the  supply  from  these  wells  was  of  good  quality.  It  was  practically 
all  ground-water,  but  the  cover  of  sandy  clay  was  known  to  be  absent 
in  the  river  channels,  and  the  director  of  the  works,  Mr.  Halbertsma, 
considered  it  wise  to  put  in  an  ozone  plant  at  the  works  to  sterilize 
the  water  when  the  Rhine  was  in  flood. 

In  looking  over  the  description  of  the  Parkersburg  collecting  works 
and  noting  the  meager  thickness  of  cover  over  the  screen  sections, 
it  would  seem  to  be  the  part  of  prudence  for  those  responsible  for 
their  operation  to  put  in  a  sterilization  plant.  Although  such  a  plant 
might  well  be  operated  all  the  time,  it  should  certainly  be  used  when 
the  river  is  in  flood,  when  the  surface  of  the  filter,  therefore,  is  inac- 
cessible, and  when  the  analysis  of  the  water  shows  signs  of  pollution. 

The  Parkersburg  plant  has  some  slight  resemblance  to  artificial 
ground-water  works  constructed  extensively  in  Sweden,  where  there 
are  natural  beds  of  sand  and  gravel,  as  at  Parkersburg,  without  any 
adequate  supply  of  ground-water.  At  these  works  in  Sweden  surface 
water  is  applied  through  open  channels  to  the  ,  surface  of  these 
beds  of  pervious  material,  and  the  water  filtering  through  is  abstracted 
below,  generally  from  wells  driven  at  a  safe  distance  from  the  open 
channels.  The  surfaces  of  these  beds  may  be  cleaned  like  a  filter, 
by  cutting  off  the  supply  and  allowing  the  water  to  drain  away.  In 
respect  to  the  depth  of  material  through  which  the  water  flows  to 
the  wells,  and  the  readiness  with  which  the  filter  surface  may  be 
cleaned,  these  Swedish  works  differ  from  the  Parkersburg  plant,  and 
these  points  of  difference  seem  to  constitute  the  chief  elements  of 
weakness  in  that  plant. 

T.   Kennard   Thomson,*   M.   Am.    Soc.   C.   E. — This   paper   is   of      Mr. 
special  interest  to  the  speaker  because  he  has  long  had  a  high  opinion- 
of  the  author,  a  graduate  of  West  Point,  and  has  himself  had  con- 
siderable experience  in,  on,  and  with  the  Ohio  River,  first  at  Kenova, 
about  125  miles  south  of  Parkersburg,  where  the  depth  was  6  ft.  at 
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Mr.  low  water  and  66  ft.  at  high  water,  with  very  sudden  fluctuations 
■  or  floods;  then  at  Mingo  Junction,  about  75  miles  above  Parkersburg. 

The  speaker  also  designed  caissons  for  the  Wabash  Bridge  over 
the  Monongahela  River  at  Pittsburgh,  just  above  the  junction  of  the 
Monongahela  and  Alleghany,  about  200  miles  above  Parkersburg. 

Mr.  Fuller  has  mentioned  the  impurities  of  the  Ohio  River  water, 
and  his  reference  can  readily  be  understood  by  any  one  who  knows 
the  river.  In  the  first  place,  to  give  some  faint  idea  of  the  sediment 
carried  by  this  river,  it  might  be  stated  that,  during  the  winter  of 
1890-91,  one  of  the  coffer-dams  for  the  Kenova  Bridge,  which  was 
approximately  30  by  100  ft.  and  25  ft.  in  depth,  was  left  in  the  river. 
When  the  waters  subsided  in  the  spring  this  coffer-dam  was  found 
to  be  filled  to  the  brim  with  sediment.  The  speaker  has  no  means  of 
knowing  whether  or  not  the  river  could  have  filled  it  more  than  once 
during  the  winter. 

A  river  which  carries  such  an  immense  quantity  of  sediment  and 
is  subject  to  such  severe  floods  and  dry  spells  is  not  very  dependable, 
to  say  the  least.  To  make  matters  worse,  the  river  is  not  only 
polluted  by  the  discharge  from  many  sewers,  but,  also,  during  these 
periodical  floods,  by  the  water  washing  and  receding  from  the  streets, 
cellars,  houses,  stables,  barnyards,  chicken  coops,  etc.,  of  many  towns 
and  cities,  Pittsburgh  included.  In  fact,  one  would  imagine  that  the 
water  would  be  much  better  for  fertilizing  crops  than  as  a  domestic 
supply. 

The  speaker  thinks  the  Parkersburg  authorities  were  wise  not  to 
try  to  pump  3  000  000  or  4  000  000  gal.  of  water  a  day  from  fourteen 
wells  placed  some  distance  from  the  shore;  for  he  does  not  think  it 
possible  to  pump  such  a  volume  of  water  continuously  without  remov- 
ing more  or  less  sand,  perhaps  in  almost  imperceptible  quantities,  but 
still  sufficient  to  form  cavities. 

These  cavities  would  probably  cause  no  damage  in  the  opeii  fields, 
but,  sooner  or  later,  these  fields  will  be  built  on  by  the  city;  and 
though  the  subterranean  cavities  might  even  then  give  no  trouble  for 
many  years,  they  might  sometime,  suddenly,  cause  very  serious  col- 
lapses, similar  to  those  which  have  happened  to  cities  built  over  coal 
mines.  The  experience  gained  by  Parkersburg  through  its  adopted 
plan  would  seem  to  prove  the  correctness  of  this  assertion. 

Some  day  all  the  towns  along  the  Ohio  (and  this  applies  also  to 
other  rivers)  will  combine  to  dam  the  water  up  in  the  mountains,  where 
it  is  comparatively  pure  and  free  from  sediment,  and  pipe  it  to  the 
different  towns  as  needed.  This  will  not  only  give  an  adequate  and 
dependable  supply  of  good  water,  but  wall  also  regulate  the  flow  in  the 
rivers,  doing  away  with  the  disastrous  floods  of  periodical  occurrence. 
As  an  example  of  many  towns  along  the  Ohio :  when  the  speaker  first 
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saw  Catletsburg,  Ky.,  the  town  stood  on  a  bluff  some  20  ft.  above  the  Mr. 
river.  The  next  spring  he  saw  rowboats  landing  at  the  second-story  "™^°°- 
windows  of  the  houses.  These  floods  occur  so  quickly  that,  even  with 
the  excellent  modern  Weather  Bureau  service,  the  inhabitants  do  not 
always  have  time  to  protect  their  property;  yet  they  come  back,  clean 
their  houses,  make  the  best  of  their  losses,  and  start  over  again;  they 
very  seldom  move  away  or  build  on  high  ground. 

The  Court  decisions  quoted  by  Mr.  Hill  would  seem  to  indicate 
that  the  small  towns  may  some  day  be  able  to  force  the  towns  above 
them  to  provide  pure  water  or  to  stop  polluting  the  rivers. 

H.  F.  Dunham,*  M.  Am.  See.  C.  E.  (by  letter). f — A  paragraph  on  Mr. 
page  58:}:  giving  the  dimensions  of  the  intake  pipe  could  be  illuminated 
by  mention  of  the  connections  to,  and  the  character  of,  the  pumping 
machinery.  It  would  appear  from  the  text  that  the  large  diameters 
of  the  intake  or  "suction  pipe"  were  expected  to  lessen  the  otherwise 
"undesirably  rapid  rate"  of  flow  through  the  filtering  material.  This 
implies  the  use  of  intake  pipes  as  reservoirs  from  which  a  certain 
quantity  of  water  could  be  taken  without  marked  or  legitimate  effect 
at  the  strainers.  Is  this  view  correct?  Ordinary  experience  wo\ild 
tend  to  show  quite  the  reverse;  that  the  friction  losses  would  be  less 
and  the  draft  at  the  wells  greater  with  large  pipes  under  a  vacuum 
produced  by  pumps  of  any  description. 

Strainers  with  V-shaped  openings  have  been  used  by  the  writer, 
not  always  in  vertical  positions,  but  always  at  some  angle  and  with 
connections  that  would  allow  of  access  to  each  well  or  to  each  one  in 
a  small  group  when  shut  off  from  the  others  in  a  system.  Any  other 
method  seems  to  be  open  to  distrust,  although  it  is  true  that  conditions 
vary  greatly,  and  each  case  is  a  problem  by  itself. 

Many  years  ago,  the  writer*  examined  sand  bars  in  the  Ohio  River 
in  the  vicinity  of  Wheeling,  W.  Ya.,  for  the  Wheeling  Water  Board, 
but  found  little  encouragement  in  quality  or  volume,  although  the 
beds  were  continuous  to  a  depth  of  40  ft.  below  low-water  levels. 
Besides  hardness,  the  figures  for  iron  were  too  high,  and  filters  were 
recommended. 

Theodore  S.  Johnson,§  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). || — In  Mr. 
reviewing  the  problem  of  water  supply,  the  same  questions  that  arise 
at  the  beginning  of  the  study  are  still  to  be  considered  after  some 
one  solution  is  adopted;  namely,  is  the  water  obtained  of  satisfactory 
quality  from  chemical,  physical,  and  bacteriological  standpoints,  and, 
is    the    requisite    quality    obtainable    at    a    fair    cost    of    production? 

*  New  York  City. 

t  Received  by  the  Secretary,  March  6th,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  January,  1917. 

§  Granville,   Ohio. 

II  Received  by  the  Secretary,  March  8th,  1917. 
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Mr.  Usually,  these  questions  can  be  answered  after  some  investigation. 
It  is  to  be  regretted  that  rarely  are  two  solutions  of  a  water  supply 
problem  provided  so  that  they  may  be  compared  in  actual  performance 
under  the  same  conditions  of  demand  and  production  and  at  the  same 
time.  In  this  discussion  the  operation  of  one  type  of  supply  is 
presented,  and  an  attempt  is  made  to  compare  it  in  results  with  one 
not  in  operation.  This  is  a  handicap  in  solving  the  problem  as  to 
the  scheme  which  has  not  been  adopted. 

This  paper  recites  the  preliminary  investigation  for  a  well  supply 
for  Parkersburg,  and  then  describes  the  construction  and  operation 
of  a  system  not  capable  of  such  preliminary  investigation,  concerning 
which  little  or  no  previous  research  or  study  had  been  made.  It  would 
have  been  desirable  to  have  answered  in  the  paper  the  following 
questions : 

1. — How  does  the  present  supply  compare,  in  turbidity,  total 
hardness,  iron  and  bacterial  content,  in  color,  and  in  other  factors 
affecting  the  desirability  of  a  water  supply,  with  the  same  factors 
and  qualities  of  the  water  taken  from  the  well  supply  as  investigated 
by  Mr.  Knowles  and  by  Messrs.  Fuertes  and  Fuller,  which  supply  was 
rejected  ? 

2. — How  does  the  cost  of  pumping  from  the  present  beds  compare 
with  the  estimated  cost  of  pumping  from  the  line  of  wells?  Speaking 
more  generally,  how  does  the  cost  of  operation,  including  capital 
charges,  compare  with  the  same  cost  as  estimated  for  the  rejected 
supply  ? 

3. — What  may  be  the  probable  life  of  the  present  plant,  as  com- 
pared with  that  of  the  plant  for  well  pumping?  The  object  of  this 
question  would  be  to  show  the  effect  of  depreciation  and  maintenance 
charges  on  the  cost  of  pumping. 

The  data  in  the  paper  are  not  sufficient  to  enable  the  reader  to 
determine  the  answer  to  the  first  of  these  questions.  The  reports 
published  in  the  paper,  showing  turbidity,  alkalinity,  and  total  hard- 
ness, are  given  only  for  one  month,  and  therefore  cannot  be 
regarded  as  showing  very  fully  the  characteristics  of  the  new  supply. 
The  figures  in  the  table  on  page  63*  are  interesting.  For  example, 
the  iron  content  of  the  raw  river  water  varies^  from  1.06  parts  per 
million,  on  January  20th,  to  7.04  parts  per  million  on  January 
24th,  1914.  This  is  a  very  wide  range  for  iron  content  in  the  raw 
river  water  in  such  a  short  period.  Again,  the  average  iron  content 
for  the  month  is  3.33  parts  per  million.  Having  been  familiar  with 
the  untreated  Ohio  River  water  from  his  earliest  remembrance  and 
being  at  present  a  user  of  water  in  which  the  iron  content  is  slightly 
more  than  1  part  per  million,  the  writer  is  surprised  to  find  the  Ohio 

*  Proceedings,  A.m.  See.  C.  E.,  January,  1917. 
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River  water  so  contaminated  with  iron.  He  is  still  more  surprised  Mr 
to  find,  on  page  61,  a  report  of  an  investigation  of  the  supply  by 
Mr.  I.  L.  Birner,  which  states:  "The  total  iron  in  solution,  of  the 
filtered  water,  was  0.19  of  one  part  per  million,  against  an  average 
of  5  to  16  parts  in  the  river.''  From  the  wording  of  Mr.  Birner's 
report,  one  is  led  to  believe  that  he  refers  to  parts  per  million,  and 
this  would  seem  to  indicate  a  river  water  extremely  polluted  with 
iron.  The  only  data  which  the  writer  has  immediately  at  hand 
are  those  given  in  the  Report  of  the  Ohio  State  Board  of  Health  for 
1908,  on  page  206,  where  results  are  given  for  tests  made  at  Marietta, 
Ohio,  a  few  miles  up  stream  from  the  site  of  the  present  filtration 
works.  These  tests  show  an  average  iron  content  for  1906  of  0.62 
part  per  million,  and  the  maxima  for  the  year  are  found  to  be  1.00 
and  1.23  parts  per  million  for  August  and  November,  respectively. 
It  is  difiicult  to  reconcile  these  two  statements. 

In  the  same  report  the  bacterial  results  show  the  untreated  water 
at  Parkersburg  to  have  from  100  to  3  100  bacteria  per  cu.  cm.,  and 
the  filtered  water  from  24  to  1,  with  averages  for  the  month  of  900 
and  9.3  for  the  untreated  and  filtered  waters,  respectively.  Tests 
by  the  State  Board  of  Health  at  Marietta  show  that  the  average  of 
a  large  number  of  determinations  indicates  a  bacterial  count  of  8  200 
per  cu.  cm.  in  the  raw  water  during  1906,  and  7  350  during  1907. 
The  same  investigators,  in  tests  made  on  July  24th,  1906,  at  Pomeroy, 
Ohio,  show  19  100  bacteria  per  cu.  cm.  in  the  raw  river  water  and 
8  200  on  November  19th,  1906.  Although  these  are  only  scattered 
results  of  tests,  they  serve  to  cast  some  comparative  light  on  "the 
published  figures.  That  the  safe  condition  of  the  water,  as  indicated 
by  the  tests  of  Dr.  Rose  and  Mr.  Birner,  is  not  generally  recognized, 
is  shown  by  the  suggestion  that  a  report  prepared  by  the  City  of 
Wheeling  and  tests  by  the  State  Bacteriologist  of  West  Virginia  both 
agree  that  at  times  the  water  is  quite  unsafe. 

Engineers  may  then  reasonably  inquire  whether  experience  with 
other  well  supplies,  or  tests  on  the  wells  as  driven  at  Parkersburg, 
would  not  indicate  that  the  quality  of  the  water  from  the  well  supply 
is  better  than  that  furnished  by  the  present  infiltration  system.  If 
there  are  published  or  available  reports  on  the  well  supply,  or  addi- 
tional tests  on  the  present  supply,  which  will  throw  more  light  on 
this  question,  it  would  seem  highly  desirable  to  have  them  published. 

To  answer  the  second  question- — how  does  the  cost  of  pumping 
from  the  present  beds  compare  with  the  estimated  cost  of  pumping 
from  the  line  of  wells  ? — the  necessary  information  is  not  available 
in  the  paper  and,  by  all  means,  should  be  presented  by  the  author  or  by 
the  engineers  concerned.  The  figures  on  page  59,  showing  the  cost 
to   be    $11.03    per    million   gallons,    are   very    evidently   only   for   the 
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cost  of  operation,  and  include  no  capital  or  depreciation  charg-es. 
The  data  on  pages  58  and  59  do  not  separate  items  in  construction 
cost  in  such  a  way  that  direct  comparisons  can  be  made. 

The  service  life  of  the  present  plant  is  necessarily  one  of  doubt. 
It  is  not  the  time  in  which  the  present  construction  will  furnish  the 
proper  capacity,  with  which  we  are  concerned,  but  rather  the  life  of 
any  one  filter  unit.  Kelative  to  this  it  is  noted  that  an  examination 
of  the  beds  in  1916  showed  that,  at  several  places,  there  were  holes 
in  the  sand  and  gravel  covering-.  These  holes  were  from  5  to  10  ft. 
in  diameter,  and  were  formed  like  craters,  extending  to  within  1  or  2 
ft.  of  the  brass  strainer  pipes.  The  writer  has  been  long  familiar 
with  the  locality  in  which  the  filter  beds  have  been  placed,  and  was 
engaged  on  some  surveying  work,  in  connection  with  the  quantities 
of  excavation  under  the  contract,  at  a  time  very  near  that  at  which 
the  photograph  shown  in  Fig.  13  was  taken.  At  that  time,  he  was 
able  to  walk  to  the  coffer  across  the  slightly  raised  level  of  the  bar, 
and,  on  every  side,  were  to  be  seen  similar  crater-like  holes  in  the 
natural  surface  of  the  sand-bar.  In  some  of  these  there  were  pools 
of  water  in  which  children  were  bathing.  It  has  been  the  writer's 
opinion  that  if  these  craters  would  form  in  the  natural  bed,  they  would 
be  as  likely  to  occur  over  the  filter  bed,  and,  if  so;  wovild  of  course 
greatly  impair  its  efficiency.  Though  these  holes  may  be  refilled,  it 
would  seem  hardly  possible  to  conduct  the  refilling  so  as  to  secure 
uniform  stratification  in  the  bed,  and  the  reasonable  life  of  the 
infiltration  plant  would  be  considerably  shortened  by  this  cause  alone. 
The  efficient  life  of  a  rai)id  sand  filter  or  a  slow  sand  filter  is  a 
question  which  can  be  answered  with  fair  accuracy.  It  would  not 
seem  that  the  conditions  providing  stability  in  the  plant  were  to  be 
found  in  the  shifting  A'ariable  sand  bottom  of  the  Ohio  River. 

In  a  general  way,  the  comparison  of  this  plant  with  either  a 
filtered  water  supply  from  the  Ohio  River  or  a  supply  drawn  from 
wells  in  the  gravel  beds  of  the  adjacent  bottom-lands  can  be  put  on 
a  satisfactory  basis  only  when  the  Smith  infiltration  system  is 
regarded  as  being  of  the  caisson  type  or  as  a  type  of  sand  filter.  If 
of  the  latter  type,  it  would  seem  that  the  same  conditions  which  have 
been  regarded  as  necessary  to  secure  a  satisfactory  supply  from  a 
rapid  sand  or  slow  sand  filter  would  have  to  be  applied  to  the  Smith 
system.  Among  the  first  requisites  for  either  of  the  usual  filter  types 
is  a  careful  control  of  the  operating  head,  as  affecting  the  rate  of 
filtration,  and  both  types  are  considered  as  sensitive  to  small  changes 
in  the  effective  heads.  With  a  range  of  53.1  ft.  in  the  stage  of  the 
river,  it  would  hardly  seem  probable  that  the  filtering  conditions 
remain  the  same. 
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Another  requisite  of  proper  sand  filtration  is  a  careful  control  Mr. 
of  the  cleaning  processes.  The  filters  are  constantly  inspected  and  ''"^"**"" 
watched,  and  the  conditions  carefully  maintained  for  securing  equal 
fitnesses  and  thorough  washing  of  all  their  parts.  If  the  beds  of  the 
Smith  system  are  pitted  with  crater-like  holes  extending  to  within  a 
short  distance  of  the  strainer  pipes,  the  efficiency  of  the  back-flushing 
would  certainly  be  reduced.  If,  as  a  matter  of  experience,  such  back- 
flushing  does  cleanse  all  parts  of  the  filter  bed  very  thoroughly  and 
uniformly,  the  data  which  prove  this  fact  would  be  interesting. 

With  a  supply  of  extremely  varying  nature,  such  as  that  found 
in  the  Ohio  River,  sand  filtration  plants  are  accustomed  to  have  con- 
stant and  rigorous  tests  at  least  daily,  and  often  more  frequently,  on 
the  basis  of  which  the  rate  and  character  of  their  operation  is  altered. 
Although  the  author  recommends  systematic  tests,  these  tests  will  be 
lessened  in  value  by  the  fact  that  little  or  no  change  could  be  made 
in  the  operating  conditions  of  the  filter  system.  It  may  then  be 
concluded,  in  the  writer's  opinion,  that  the  Smith  infiltration  system 
may  not  be  regarded  as  a  purification  plant,  capable  of  providing  at 
all  times  a  safe  and  wholesome  supply  of  water  such  as  is  obtainable 
from  rapid  sand  filtration  plants,  and,  therefore,  must  be  considered 
as  an  underground  caisson  or  ground-water  collection  system,  of  rather 
high  construction  cost,  drawing  water  either  from  the  river  above 
or  the  ground-water  below,  and  confining  its  purification  processes 
to  mere  straining. 
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Morris  Ivnowles,:}:  M.  Am.  Soc.  C.  E.  (by  letter). § — In  contributing  Mr. 
to  the  closure  for  the  Minority,  the  writer  expresses  the  conviction  °°^  ^^' 
that  the  character  of  the  discussion  presented  demonstrates  conclusively 
that  the  attempted  premature  discharge  of  the  Committee,  on  two 
occasions,  and  before  a  final  report  was  submitted,  was  an  unfortunate 
mistake.  It  is  evident,  also,  that  the  discussion  has  fully  justified 
the  contention  of  the  Minority  that  assertive  statements,  with  a  limited 
point  of  view  only,  and  in  the  face  of  present  divided  opinion  on  the 
subject,  will  not  promote  progress  or  the  development  of  a  much 
needed  comprehensive  programme  for  stream  control,  but  will  rather 
intensify  discord  where  it  is  not  necessary.  The  object  of  the  Com- 
mittee, in  so  far  as  it  could  not  agree  on  a  final  pronouncement,  ought 
to  be  to  promote  further  investigation  and  discussion,  and  not  to 
attempt  to  close  the  door  by  dogmatic  expression  of  a  single  point  of 
view. 

It  is  apparent,  at  a  time  when  the  importance  of  regulation  of 
stream  flow  in  its  largest  sense,  which  includes  flood  control  as  a 
part,  is  engaging  the  attention  of  the  country  and  impressing  itself 
on  laymen,  that  the  Society  has  lost  a  wonderful  opportunity  to  pro- 
mote sound  thinking  and  the  development  of  a  programme  looking 
toward  wise  legislation.     It  is  plain  from  the  public  interest,  general 

*  Continued  from  January,  1917,  Proceedings. 

t  Minority  closing  di.scussion. 

t  Pittsburgh,  Pa. 

§  Received  by  the  Secretary,   February   15th,  1917. 
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Mr.      discussion,  and  proposed  laws,  that  no  one  type  of  control  is  a  universal 


Knowle 


panacea,  or  will  do  for  all  classes  of  streams;  also,  that  the  opinion 
of  a  single  branch  of  scientific  men,  not  in  sympathy  with  all  phases 
of  stream  regulation,  will  long  satisfy  the  country,  for  such  opinion 
will  stifle  progress  and  unduly  lengthen  the  period  required  for  reaching 
the  desired  results. 

The  writer  expresses  the  hope,  therefore,  that,  at  some  later  date, 
the  Society  may  take  up  this  important  subject  again  and  continue 
its  consideration  until  it  becomes  possible  to  prepare  a  report  which 
will  merit  the  consideration  ji^stified  by  the  high  standing  of  the 
Society. 
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William  Fry  ScoTT,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — There  Mr. 
are  many  reasons  why  this  Society,  as  a  body,  should  not  approve  the    ^°  " 
Final  Report  of  this  Committee  as  representing  an  expression  of  "the 
present  state  of  the  art."     One  reason  will  be  sufficient  to  prove  this 
statement,  and  may  be  understood  by  a  study  of  the  diagram,  Fig.  6. 

This  diagram  gives  the  variations  in  the  modulus  of  elasticity 
(so-called  for  want  of  a  better  term)  of  embedded  steel,  in  two  of  the 
several  groups  of  reinforced  concrete  beams  made  and  tested  under  the 
direction  of  Mr.  Humphrey,  the  Secretary  of  the  Committee,  and.  as 
computed  by  the  writer  on  the  basis  of  Assumption  c  4,  page  1681,§  of 
the  report.  On  the  other  hand,  the  modulus  of  elasticity  of  naked 
steel  is  assumed,  by  the  Committee,  to  be  identical  with  that  for 
embedded  steel;  as  is  also  the  case,  by  the  writers  of  the  paper ||  report- 
ing the  beam  tests  referred  to. 

This  paper  has  a  dual  character :  On  the  one  hand,  it  contains  the 
most  valuable  report  of,  probably,  the  most  comprehensive  series  of 
tests  of  concrete  and  reinforced  concrete  to  date.  The  data  are  pre- 
sented in  such  a  thorough  manner  that  they  will  serve  for  analysis  by  a 

*  Continued  from  February,  1917,  Proceedings. 

t  Dunnvllle,  Ont.,  Canada. 

t  Received  by  the  Secretary,  February  9th,  1917. 

§  Proceedings,   Am.    Soc.    C.    E.,    December,    1916. 

II  Published  by  the  Bureau  of  Standards,  Technologic  Paper  No.  2.  "The  Strength 
of  Reinforced  Concrete  Beams ;  Results  of  Tests  of  333  Beams,"  by  Richard  L. 
Humphrey  and  Louis  H.  Losse  (June  27th,  1911). 
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Mr.  stranger  to  the  experiments  just  as  well  as  they  did  for  those  who 
■  planned  them.  On  the  other  hand,  it  contains  an  elaborate  thesis  that 
is  in  no  way  supported  by  the  data  in  Tables  3,  33,  34,  35,  and  36,  and 
Appendices  I  and  II,  of  the  paper.  This  thesis  follows  more  or  less 
closely  the  "design"  assumptions  on  page  1681  of  the  report  of  the  Com- 
mittee, and  the  authors  seem  to  have  lost  sight  of  the  fact  that  their 
real  object  was  to  investigate  the  correctness  or  falsity  of  those  very 
assumptions.  This  thesis  shows  a  tendency  to  neglect  to  deal  with  a 
long  list  of  partial  truths  which  lead  to  the  whole  truth  in  "the  present 
state  of  the  art"  of  concrete  and  reinforced  concrete,  and  its  authors 
missed  an  opportunity  to  find  clear  evidence,  in  the  experiments,  to 
account  for  the  anomaly  the  Committee  devised  when  "the  ratio  of  the 
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Modulus  of  Elasticity  of  Embedded  Steel  in  Reinforced  Concrete  Beams, 
in  Millions  of  Pounds  per  Square  Inch. 
Fig.  6. 

modulus  of  elasticity  of  steel  to  the  modulus  of  elasticity  of  concrete 
is  taken  at  15  [for  working  stresses,  it  must  be  remembered]  except  as 
modified  in  Chapter  YIII,  Section  8" ;  and  when,  "for  calculating  deflec- 
tion" for  the  same  working  stresses,  they  are  compelled  to  reduce  the 
ratio  by  one-half  for  the  same  design  conditions. 

Before  proceeding  to  the  actual  figures,  there  are  a  few  suggestions 
that  may  possibly  clear  the  way  to  a  correct  interpretation  of  the  data 
to  be  reviewed.  For  instance;  on  page  43  of  the  paper  by  the  Bureau 
of  Standards,  it  is  stated,  on  the  thesis  side : 

"Column  12,  Tables  6  to  21,  contains  the  unit  elongation  of  the  rein- 
forcement at  maximum  load.  This  was  obtained  by  dividing  the  average 
total  deformation  of  the  reinforcement  by  the  gauge  length,  29.25 
inches." 
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Now,  the  gauge  length  here  referred  to  is  that  for  the  reinforced    Mr. 
concrete  beam  under  analysis.     Then,  again,  on  page  45  of  the  same 
paper,  there  is  the  statement: 

"Given  the  unit  elongation  of  the  reinforcement  and  assuming  a  co- 
efficient of  elasticity  of  30  000  000  the  unit  stress  is  easily  obtained." 

Again,  it  should  be  noted  that  the  unit  elongation  here  referred  to 
is  that  given  by  the  deformations  in  the  plane  of  the  steel  in  the  beam 
to  be  analyzed,  but  the  assumed  coefficient  of  30  000  000  can  be  none 
other  than  that  for  naked  steel. 

Immediately  following  the  foregoing  quotation  the  paper  states : 

"It  must  be  borne  in  mind,  however,  that  the  proportionality  of 
stress  and  strain  holds  only  within  the  elastic  limit  of  the  material." 

Now,  a  close  analysis  of  the  following  single  example,  given  by  the 
writer,  shows  clearly  that  the  modulus  of  elasticity  (so-called)  of 
embedded  steel  has  no  relation  to  that  for  naked  steel,  and  it  also  shows 
that  the  elastic  limit  of  naked  steel  bears  no  relation  to  that  for 
embedded  steel. 

Herewith  is  the  example,  taken  from  the  paper : 

It  deals  with  the  gravel  concrete  beams  Nos.  342,  343,  and  344,  one 
year  old.  Twenty-one  collateral  specimens  of  the  concrete  used  in 
these  beams  were  tested  in  cylinders,  8  in.  in  diameter  and  16  in.  long, 
and  developed  an  average  unit  load  of  5  245  lb.  per  sq.  in.  at  failure — 
maximum  plus  10%  and  minimum  minus  14^  per  cent.  The  same 
specimens  developed  an  average  modulus  of  elasticity  of  5.395  (10)**  lb. 
per  sq.  in.  with  a  maximum  of  5.86  (10)^  and  a  minimum  value  of 
4.8  (10)6  lb.  per  sq.  in. 


Now,  as  to  the  three  beams ; 


Beam  '  Beam  Beam 

No.  342.  No.  343.  No.  344. 


Loads  given  in  paper  in  "analysis 

of  beam  at  Unit  Elongation 

in  Reinforcement  Less  than 

that  at  Yield  Point" 6  000  5  500  6  500 

Bending      moments,      in      inch- 
pounds  divided  by  (hd^) .  . .  204.5  189.5  219.6 
Deformations,  upper  fiber,  in  mil- 

lionths  of  an  inch  per  inch.  325  282  420 

Deformations,     steel     fiber,     in 

millionths    of    an    inch    per 

inch 872  603  1  111 

Neutral  axis,  distances  from  top 

fiber   0.27lc^  0.319^^  0.275d 

Now  take  these  data  and  assume, 

tentatively,     that     there     is 

straight-line        deformation. 


Mr. 

Scott. 
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Beam  Beam  Beam 

No.  342.  No.  343.  No.  344. 

Then  the  stresses  on  the 
extreme  upper  fiber  of  the 
concrete,      in     pounds     per 

square  inch,  would  be 1  640  1  320  1  740 

And  the  moduli  of  elasticity,  on 
the  basis  of  these  stresses 
and  the  foregoing  deforma- 
tions, would  be 5.05(10)6     4.68(10)«      4.15(10)« 

Thus,  since  the  initial  modulus  of  elasticity  found  for  this  same 
concrete  ranged  from  5.86  (10)^  to  4.8  (lO)*^  in  standard  cylindrical 
specimens,  it  must  be  apparent  that  straight-line  stress  was  practically 
obtained  on  these  three  beams.  In  fact,  comparing  Beam  No.  342  with 
its  particular  collateral  specimen,  the  beam  developed  5.05  (10)^  for  a 
stress  of  1  640  lb.  per  sq.  in.,  or  31J%  (ultimate)  for  cylinders,  and  the 
cylinder  5.22  (10)^  at  initial  stress. 

Now,  this  being  the  status,  for  the  concrete  in  compression,  it  is  at 
once  apparent  that  in  the  three  beams  there  were  stresses  of  46  000, 
43  300,  and  49  500  lb.  per  sq.  in.  in  the  reinforcement,  if  Assumption 
c4  of  the  report  is  correct;  and  then  the  modulus  of  elasticity  of  the 
embedded  steel  should  equal  this  unit  stress  divided  by  the  unit  deforma- 
tion recorded  in  the  "log"  for  the  particular  condition  of  loading  under 
consideration,  and  would  be....  52.6(10)6  71.2(10)6  44.5(10)6 
and  not  30  (10)6,   ^s  laid   down 

by  the  Committee. 
Then,    again    (and   this    is   par- 
ticularly    interesting),     the 
breaking     loads     on '   these 

beams,  in  pounds,  would  be.  6  280  5  800  6  800 

and  these  exceed  that  at  less  than 
yield  point  (so-called  in  the 
paper)   by 5%  only       6%  only       5%  only 

In  other  words,  it  is  found  that  the  modulus  of  elasticity  of  the 
embedded  steel  in  these  beams  ranges  fi-om  71  (10)6  to  44^  (10)6  when 
they  are  within  6%  of  their  ultimate  strength. 

Then,    again,    take   the    average 

reading  for  the  three  beams 

at     the     following     applied 

loads   (in  pounds) 2  000  4  000  5  500 

Deformations,     upper    fiber,     in 

millionths    of    an    inch    per 

inch 76  146  293 

Deformations,      steel     fiber,      in 

millionths    of    an    inch    per 

inch 67  154  650 
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Beam  Beam  Beam 

No.  342.  No.  343.  No.  344. 

Neutral  axis,  distances  from  top 

fiber 0.5Sd  0.485^  O.SlOti 

Bending      moments,      in      inch- 

pomids  divided  hy  bd- 84.4  144.4  189.4 

From  which  the  stresses  on  the 
upper  fiber,  in  pounds  per 
square  inch,  are 387  710  1360 

and  these  are  the  following  per- 
centages of  the  average  ulti- 
mate unit  load  per  square 
inch  on  the  twenty-one  col- 
lateral   specimens 7.4%  13.6%  26% 

for  which  the  moduli  of  elas- 
ticity   are 5.1(10)6       4.85(10)"      4.65(10)« 

On  the  basis  of  Assumption  c4  of 
the  report,  the  stresses  on  the 
steel,  in  pounds  per  square 
inch,  are 20  700  35  200  43  000 

and  these  stresses  divided  by  the 
unit  deformation  (modulus 
of  elasticity)    are 310(10)«       230(10)«      66(10)^ 

and,  as  6  290  lb.  is  the  mean 
maximum  applied  load  for 
the  three  beams,  it  is  found 
'that  for  loads  at  the  fol- 
lowing percentages  of  maxi- 
mum   32%  64%  87% 

the  moduli  of  elasticity  of  em- 
bedded steel  are 10  times         7  times         2  times 

that  laid  down  by  the  Committee. 

The  concrete  of  these  beams  was  very  rich  in  cement,  but  exactly 
similar  results  can  be  shown  with  concrete  beams  which  are  poor  in 
uement. 

The  writer  has  developed  his  owai  figures  from  the  data  in  the 
"Log"  of  the  paper  mentioned,  and  they  produce  entirely  different 
results  from  those  given  in  the  "Summary  of  Tests",  both  in  the  Bureau 
of  Standards  paper. 

The  two  curves  on  Fig.  6  are  based  on  a  general  analysis  of  two 
groups  only,  namely  two-rod  beams  and  eight-rod  beams. 


Mr. 

Scott. 
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By  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E. 


C.  E.  Grunsky,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — No  one  who  has  Mr. 
attempted  a  solution  of  the  valuation  problem  as  it  is  presented  when  "^"°^  ^' 
the  rates  of  public  utilities  are  to  be  fixed,  will  underrate  the  amount 
of  work  done  and  the  careful  consideration  which  has  been  given  by 
the  Committee  to  the  preparation  of  this  report.  It  represents  an 
earnest  effort,  in  the  light  of  the  present  state  of  the  art,  to  lay  the 
foundation  for  the  procedure  which  should  be  followed  when  rates 
are  to  be  fixed,  on  the  assumption  that  the  decisions  of  the  Courts 
thus  far  rendered  and  as  ordinarily  interpreted  are  to  be  accepted 
as  final.  The  Committee,  however,  has  failed  to  recognize  the  fact 
that  it  is  unwise  to  make  "value",  as  called  for  by  the  Courts,  which 
results  from  the  earnings,  the  starting  point  when  rates  and,  therefore, 
earnings  are  to  be  fixed.  The  Committee  has  accepted  as  reasonable 
the  proposition  that  there  need  be  no  stability  to  the  rate-base,  that 
the  rate-base  may  change  with  the  changing  value  of  the  elements 
of  which  any  public  utility  plant  is  composed,  and  that  the  determina- 
tion of  this  fluctuating,  constantly  changing,  "fair  value"  is  necessary, 
because  the  Courts  hold  that  "fair  value"  is  the  proper  starting  point. 

The  writer  has  written  so  much  on  this  subject,  and  his  views  are 
so  well  known,  that  he  will  make  his  remarks  very  brief.  He  feels 
certain,  however,  that  the  method  of  procedure  when  rates  are  to  be 

*  Continued  from  February,  1917,  Proceedings. 

t  San   Francisco,   Cal. 

t  Received  by  the  Secretary,  February  27th,  1917. 
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Mr.  fixed  under  which  the  life  of  the  utility,  considered  in  its  entirety,  is 
^^^  ^'  regarded  as  unlimited,  and  under  which  the  use  of  a  definitely  ascer- 
tainable rate-base  (not  controlled  by  value)  is  possible,  has  so  much 
in  its  favor  that  it  will,  in  time,  be  generally  adopted.  This  method 
is  not  mentioned  by  name,  but  is  closely  related  to  the  method  described 
in  the  report  as  the  "Eeplacement  Method."  The  Unlimited-Life 
Method  is,  to  be  sure,  a  replacement  method,  but  not  such  as  would 
require  the  exact  amount  necessary  in  any  year  for  replacements  to  be 
collected  from  the  rate-payers  in  that  year.  Neither  is  its  application 
limited,  as  suggested  by  the  Committee,  for  the  Replacement  Method. 
The  replacement  requirement  under  the  Unlimited-Life  Method  is  to 
be  forecast  in  a  reasonable  way,  and  suitable  provision  is  to  be  made 
in  the  earnings  to  have  the  money  for  making  replacements  available 
when  required.  It  is  immaterial  how  the  estimate  is  made;  but  it  is 
essential  that  all  funds  collected  for  replacement  purposes  be  properly 
accounted  for.  If  the  computation  has  been  at  fault,  and  the  replace- 
ment fund  is  found  after  a  time  to  be  inadequate,  earnings  must  be 
increased.  If,  on  the  other  hand,  there  is  inordinate  accumulation 
in  the  replacement  fund,  then  the  allowance  for  the  replacement 
requirement  should  be  reduced.  Under  the  Unlimited-Life  Method 
of  procedure  the  need  of  estimating  the  accrued  depreciation  of  the 
entire  plant  falls  away.  The  rate-base,  once  determined,  remains 
unchanged  until  the  plant  is  extended  or  modified,  or  until  the  public 
desires  to  put  itself  into  the  position  of  part  owner  by  retiring  a  part 
of  the  owner's  invested  capital. 

The  soundness  of  the  theory  on  which  the  Unlimited-Life  Method 
of  procedure  is  based  seems  to  have  been  generally  recognized.  The 
simplicity  of  its  application  and  the  advantage  which  it  has  of  requir- 
ing lowest  earnings  in .  the  early  years  of  operation,  will  compel  its 
general  adoption  or  re-adoption  whenever  the  Courts  shall  have  found 
it  desirable  to  modify  their  recent  decisions  which  heretofore  have  been 
interpreted  to  hold  that  value  must  be  made  the  starting  point, 
ignoring,  apparently,  the  fact,  to  which  attention  cannot  be  called  too 
frequently,  that  value  is  not  the  premise  for  the  determination  of 
earnings,  but  is  created  by  the  earnings. 

There  is  nothing  which  would  prevent  the  Courts  from  receding 
from  the  position  apparently  taken  in  the  Knoxville  case,  in  which 
the  United  States  Supreme  Court  said: 

"If,  however,  a  company  fails  to  perform  this  plain  duty  and  to 
exact  sufficient  returns  to  keep  the  investment  unimpaired,  whether 
this  is  the  result  of  unwarranted  dividends,  over  issues  of  securities, 
or  of  omission  to  exact  proper  i^rices  for  the  output,  the  fault  is 
its  own." 

This  position,  if  it  means  rates  at  all  times  to  yield  earnings 
which  will  include  so-called  depreciation,  is  not  sound  doctrine,  because 
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the  cases  will  be  rare  indeed  in  which  immediately  on  the  beginning  Mr. 
of  operations,  the  earnings  can  be  made  adequate  to  keep  the  invest-  '^"""'^  ^' 
ment  unimpaired.  Some  time  must  be  allowed  during  which  the 
earnings  will  fall  short  of  the  amount  apparently  called  for  by  the 
decision  of  the  Court.  This  time  may  be  only  1  year,  or  it  may  be  5 
or  10  years.  If  the  opinion  of  the  Court  is  regarded  as  applying 
with  equal  force  to  the  years  already  past  as  to  those  yet  to  come, 
which  seems  to  follow  from  the  context  in  the  decision,  then  either 
a  sacrifice  may  be  demanded  of  the  owner,  or  the  few  rate-payers  of 
the  early  years  may  be  required  to  carry  an  unwarranted  burden. 

It  is  soiond  doctrine,  and  reasonable  and  fair  to  both  the  rate-payer 
and  the  owner,  to  estimate  the  required  earnings  so  that  there  will 
be  no  inmiediate  retirement  of  invested  capital,  but  only  suitable 
gradually  increasing  provision  for  necessary  renewals.  The  renewal 
or  replacement  fund,  however,  can  be  regarded  at  any  time  as  a  return 
of  capital,  when  the  business  is  to  be  closed  out,  or  when  the  public 
desires  to  participate  in  the  ownership.  A  method  of  procedure  is 
thus  marked  out,  which  is  remarkably  simple  and  makes  unnecessary 
a  consideration  of  value  as  the  starting  point  when  rates  are  to  be  fixed. 

The  rate-base  thereunder  will  start  with  the  capital  reasonably  and 
properly  invested,  not  swelled  by  appreciation  nor  reduced  by  depre- 
ciation. This  is  substantially  what  Mr.  James  T.  Shaw  contends  for 
in  a  statement  presented  on  November  9th,  1915,  to  the  Eailroad  Com- 
mission of  California  in  the  Telephone  Rate  Case  (Application  No. 
1870),  when  he  asks  that  the  "actual  performance"  be  made  the  ''rate- 
base."  In  his  argument,  he  reinforces  the  plea,  which  is  being  made 
by  many  engineers  and  economists,  that  value  be  regarded  as  a 
"result  and  not  a  premise." 

Influenced  perhaps  by  an  earlier  presentation  of  this  subject  by  Mr. 
Shaw,  the  Public  Service  Commission  of  the  State  of  Washington, 
in  the  proceedings  relating  to  telephone  and  telegraph  rates  (Cases  Nos. 
1810  and  1825),  on  April  25th,  1916,  says: 

"The  statute  is  silent  upon  the  question  of  the  finding  of  'fair 
value'  or  a  base  for  rates.  The  Commission  is  directed  to  find  the 
•'market  value',  but  no  one  contends  that  the  'market  value'  is  always 
a  fair  basis  for  rates.  Since  the  Commission  is  required  to  ascertain 
the  fair,  just,  reasonable  and  sufiicient  rates  for  telephone  service,  the 
Commission  will  assume  that  it  is  authorized  to  find  a  'rate  base.' " 

Relating  to  value  as  a  basis  for  rate-making,  the  Commission  says: 

"If  we  take  this  definition  of  the  term  'value'  and  make  such  value 
the  basis  for  rate-making,  each  time  we  increase  the  return  we  increase 
the  desirableness  of  the  property  or  properties,  and  on  the  other 
hand  if  we  decrease  the  return,  we  decrease  that  which  makes  the 
thing  desirable;  and  so,  if  we  decrease  the  return  we  decrease  the 
value,  and  if  we  increase  the  return  we  increase  the  value." 
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Mr.  "To  say  that  rates  are  to  be  based  upon  the  value  of  the  property, 

Grunsky.  ^gj^g  the  term  in  its  usual  and  ordinary  sense,  is  to  say  that  rates 
shall  be  based  upon  one  premise  to-day,  another  to-morrow.  So  we 
must  conclude  that  when  the  Courts  said  that  rates  were  to  be  based 
upon  'fair  value',  they  could  not  have  meant  to  use  the  word  'value' 
in  the  sense  in  which  the  word  is  ordinarily  used  and  understood." 

Some  Courts,  too,  are  beginning  to  recognize  the  futility  of  requir- 
ing that  "fair  value"  shall  be  made  the  "basis  of  the  calculation." 
Thus,  for  example,  the  Supreme  Court  of  Idaho  in  a  recent  decision 
(1915),  Pocatella  Water  Company  case,  Murray  vs.  Public  Utilities 
Commission,  reversing  the  Public  Utilities  Commission  of  that  State, 
says  in  reference  to  depreciation: 

"In  other  words,  if  it  be  demonstrated  that  the  plant  is  in  good 
operating  condition  and  giving  as  good  service  as  a  new  plant,  then 
the  question  of  depreciation  may  be  entirely  disregarded." 

It  is  the  duty  of  the  valuation  engineer  and  the  economist  to  point 
out,  as  occasion  arises,  that  it  would  be  error  on  the  part  of  the  Courts 
to  insist  that  '"'fair  value"  be  made  the  basis  of  the  calculation  when 
rates  are  to  be  fixed.  It  may  not  be  easy,  however,  to  secure  general 
admission  that  other  procedures  than  the  one  thus  far  approved  are 
sound.  The  Courts  must  act  with  caution,  and  must  be  convinced 
beyond  peradventure  before  taking  a  new  stand.  The  writer  believes, 
however,  that  the  decisions  which  seem  to  determine  what  should  be 
made  the  "rate-base"  are  not  so  final  or  explicit  as  to  be  removed 
from  attack,  or  at  least  from  possible  new  interpretation.  The  decisions 
of  the  Courts  which  make  value  the  starting  point,  have  been  rendered- 
to  prevent  confiscation  of  property  and  to  protect  rate-payers  from 
inordinate  exactions.  The  method  supposed  to  be  the  only  one  accept- 
able to  the  Courts  is  illogical  and  difficult,  and  is  practically  impos- 
sible of  satisfactory  application,  and  yet  there  is  available  a  simple, 
logical,  and  perfectly  fair  method  of  procedure,  the  advantages  of 
which  will  be  generally  admitted  whenever  its  application  shall  have 
obtained  the  sanction  of  the  Courts. 

Heretofore,  the  writer  has  called  the  attention  of  the  Profession 
to  the  fact  that  the  ordinary  application  of  sinking-fund  methods  to 
compute  the  amounts  which  should  go  into  a  depreciation,  or  into  a 
replacement,  fimd  are  materially  in  error.*  It  is  self-evident  that 
the  actual  term  of  usefulness  of  any  article  will  never  agree  exactly 
with  the  term  which  was  predicted  for  it  when  it  went  into  use  on 
the  basis  of  probable  life  for  articles  of  its  class.  When  consideration 
is  given  to  the  departure  of  the  actual  term  of  service  of  individual 
articles  from  their  probable  life  or  expectancy,  it  will  be  found  that 
the  computation  of  the  annual  depreciation  increment  or  of  the  annual 

*  Transactions,  Am.  Soe.  C.  E.,  Vol.  LXXV,   p.   837  ;  also,  Vol.  LXXIX,   p.  761. 
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replacement  requirement  is  quite  different  from  that  computed  in  the     Mr. 
ordinary  way  from  their  probable  life.  nnmsky. 

It  is  not  proposed  to  present  conclusions  on  this  subject,  but  only 
to  express  regret  that  the  Committee  did  not  take  the  time  to  ascer- 
tain, approximately  at  least,  the  magnitude  of  the  effect  of  the  depart- 
ure of  the  actual  useful  life  of  articles  from  their  expectancies.* 
The  report  is  silent  on  this  subject,  and,  being  silent,  only  reflects  the 
present  unsatisfactory  state  of  the  art.  Any  one  attempting  to  apply 
any  method  of  procedure  which  involves  a  deduction  of  depreciation 
will  find  difficulty  in  making  provision  in  the  accounting  for  the 
individualized  articles  which  go  out  of  use  before  the  end  of  their 
predicted  term  of  usefulness,  as  well  as  for  those  which  serve  beyond 
this  originally  allotted  term  of  usefulness.  He  will  find  that  the 
Compound-Interest  Method  is  not,  as  was  originally  claimed,  an  equal- 
annual-payment  method,  even  when  interest  rates  are  uniform,  that 
the  Sinking-Fund  Method  might  as  well  be  discarded  for  an  approxi- 
mation method  similar  to  the  Straight-Line  Method,  and  that  the 
Straight-Line  Method  imposes  an  unwarranted  burden  on  the  rate- 
payers of  the  early  years,  which  is  undesirable  and  unnecessary.  Any 
"present-value"  method,  as  already  stated,  must  be  accompanied  by 
frequent  re-determinations  of  value.  Under  all  the  methods  described 
by  the  Committee,  except  the  Replacement  Method,  bookkeeping  will 
be  a  complicated  art. 

The  application  of  the  Compound-Interest  Method  of  procedure 
is  by  no  means  as  simple  as  the  Committee  assumes  when,  on  page 
1872,t  it  says: 

"There  is  no  ambiguity  in  the  foregoing  described  method;  no 
chance  for  confusion ;  the  method  is  exactly  analogous  to  that  described 
under  the  straight-line  theory  of  depreciation." 

This  would  only  then  be  true  if  all  individualized  articles  would 
actually  go  out  of  use  at  the  ends  of  their  respective  probable  life 
terms. 

The  Committee  has  not  offered  a  satisfactory  solution  of  a  vexed 
question.  It  leaves  the  whole  matter  in  confusion.  Nevertheless,  the 
facts  presented  in  the  report  and  the  academic  discussion  of  the  results 
that  would  be  obtained  under  various  methods  of  procedure,  on  the 
assumption  of  certain  premises,  not  to  be  realized  in  practice,  is  a 
valuable  contribution  to  the  literature  on  valuation  and  rate  regulation, 
and  will  be  of  material  aid  in  hastening  the  acceptance  of  fundamental 
principles  and  the  general  adoption  of  a  satisfactory  method  of 
procedure. 

*  See  "Valuation,  Depreciation,  and  the  Rate-Base",  by  C.  E.  Grunsky,  pp.  104 
to  122. 

t  Proceedings,  Am.   See.   C.  E.,   December,   1916. 
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Note.- — Memoirs  will  be  reproduced  In  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


THOMAS  APPLETON,  M.  Am.  Soc.  C.  E.* 


Died  August  3d,  1916. 


Thomas  Appleton,  the  son  of  Edward  and  Frances  Anne  Atkinson 
Appleton,  was  born  at  Reading,  Mass.,  on  October  13th,  1846.  He 
was  of  Colonial  ancestry,  his  father's  family  having  settled  in  Ipswich, 
Mass.,  in  1635.  His  mother  was  a  descendant  of  Simon  Bradstreet,  an 
early  Colonial  Governor  of  Massachusetts  and  New  Hampshire,  and 
Anne  Dudley. 

Mr.  Appleton's  father,  Edward  Appleton,  was  a  Civil  Engineer, 
having  been  graduated  from  Harvard  College  in  the  Class  of  1835, 
and  a  member  of  the  first  Board  of  Railroad  Commissioners  of 
Massachusetts.  In  1862,  after  completing  his  studies  in  the  public 
schools  of  Reading,  Thomas  Appleton  entered  the  employ  of  the 
Boston,  Hartford  and  Erie  Railroad  as  Rodman,  continuing  with  this 
Company  until  he  enlisted,  for  the  Civil  War,  in  Company  E,  Eighth 
Massachusetts  Volunteer  Infantry,  from  which  he  was  honorably  dis- 
charged in  November,  1864. 

In  1865,  Mr.  Appleton  entered  Rensselaer  Polytechnic  Institute, 
from  which  he  was  graduated  with  the  Class  of  1868  with  the  degree  of 
Civil  Engineer.  Among  his  classmates  at  Rensselaer  were  M.  T. 
Endicott,  Past-President,  Am.  Soc.  C.  E.,  and  the  late  Virgil  G. 
Bogue,  L.  L.  Buck,  and  O.  F.  Nichols,  Members,  Am.  Soc.  C.  E. 

After  his  graduation,  Mr.  Appleton  was  appointed  Resident  Engi- 
neer with  the  Dexter  and  Newport  Railroad  Company,  on  construction 
work  in  Maine,  and,  in  1869,  he  was  made  Division  Engineer  on  the 
Somerset  Railroad.  In  1870,  he  was  appointed  Engineer  in  charge  of 
the  reconstruction  of  the  Troy  and  Greenfield  Railroad  (now  a  part 
of  the  Fitchburg  Division  of  the  Boston  and  Maine  System)  east  of 
the  Hoosac  Tunnel,  in  Massachusetts.  Recently,  the  old  steel  work 
on  this  line  was  replaced  to  accommodate  the  heavier  loads  and  train 
movements  of  these  days,  but  the  abutments  of  the  two  bridges  across 
the  Deerfield  River,  constructed  under  Mr.  Appleton's  direction,  were 
not  disturbed  or  strengthened. 

On  the  completion  of  this  work,  in  1871,  Mr.  Appleton  was  ap- 
pointed Chief  Engineer  of  the  Essex  Branch  and  Marginal  Freight 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of 
the  Society. 
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Railroads  in  Massachusetts,  and,  in  1872,  he  was  made  Principal 
Assistant  Engineer  of  the  Boston  and  Maine  Railroad. 

From  1873  to  1879,  he  was  engaged  on  surveys  for  several  railroads, 
and  acted  as  Inspector  of  Bridges  for  the  City  of  Boston  and  also  as 
Traveling  Agent  for  the  Niagara  Bridge  Works,  of  Buffalo,  N.  Y. 

In  1880,  Mr.  Appleton  was  made  Superintendent  of  Bridges  and 
Buildings  for  the  Galveston,  Harrisburg  and  San  Antonio  Railway 
(now  a  part  of  the  Southern  Pacific  System  in  Texas)  and,  in  1881,  he 
was  engaged  in  making  location  surveys  in  New  York  and  Connecticut 
for  the  New  York,  Boston,  Albany  and  Schenectady  Railroad.  He 
left  the  latter  work  to  become  Chief  Engineer  of  the  Kansas  and 
Eastern  Construction  Company  and,  in  this  capacity,  built  the 
Leavenworth,  Topeka  and  Southwestern  Railroad.  In  1883,  he  was 
employed  as  Assistant  Engineer  on  the  Topeka,  Salina  and  Western 
Railroad. 

In  1884,  Mr.  Appleton  was  appointed  City  Engineer  of  East 
Saginaw,  Mich.,  but  preferring  railroad  work,  he  resigned  to  accept 
the  position  of  Principal  Assistant  Engineer  on  the  Chicago,  Mil- 
waukee and  St.  Paul  Railroad,  which  he  held  from  1885  to  1889.  He 
then  went  to  the  Union  Pacific  Railroad  where  he  served  as  Engineer 
of  Buildings  until  the  latter  part  of  1890.  The  late  Mr.  Bogue,  one 
of  his  classmates  at  college,  was  Chief  Engineer  of  the  Union  Pacific 
Railroad  at  that  time,  and  on  hearing  of  Mr.  Appleton's  death,  he 
wrote  of  him  as  follows:  "I  always  had  a  great  affection  for  him  and 
always  found  him  a  sweet-tempered,  kindly-disposed  man,  who  did 
his  duty." 

In  1891,  Mr.  Appleton  opened  an  office  in  Chicago,  111.,  for  the 
private  practice  of  engineering,  which  he  continued  until  1895,  when 
he  was  appointed  Engineer  of  Buildings  and  Water  Supply  with  the 
Great  Northern  Railroad.  He  resigned  this  position  in  1898  to  accept 
that  of  Chief  Engineer  of  the  Copper  Range  Railroad. 

In  1890,  Mr.  Appleton  entered  the  Government  service  as  Assistant 
to  the  Superintendent  of  Construction  of  the  United  States  Life 
Saving  Service,  in  which  capacity  he  had  charge  of  the  construction 
of  many  of  the  life-saving  stations  along  the  Atlantic  Coast  and  the 
Great  Lakes. 

In  1902,  at  his  own  request,  Mr.  Appleton  was  transferred  from 
the  Life  Saving  Service  to  the  office  of  the  Supervising  Architect, 
Treasury  Department,  as  Superintendent  of  Construction,  United 
States  Public  Buildings,  which  position  he  held  until  his  death  at 
Gardiner,  Me.,  on  August  3d,  1916.  His  first  work  while  holding  this 
office  was  on  the  construction  of  the  Post  Office  Building  at  Creston, 
Iowa.  This  was  followed  by  work  on  public  buildings  at  Holyoke  and 
Northampton,   Mass.,   Wheeling,  W.   Va.,   Evanston,   Wyo.,   East   St. 
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Louis,  Alton,  Centralia,  and  Greenville,  111.,  Chelsea,  Mass.,  the  new 
Custom  House  at  Boston,  Mass.,  New  Bedford,  Mass.,  and  Gardiner, 
Me.  After  the  earthquake  and  fire  in  San  Francisco,  he  was  ordered 
there  to  assist  in  the  work  of  temporary  repairs  to  protect  Government 
buildings.  The  deep  and  difficult  foundations  for  the  new  Custom 
House  at  Boston,  Mass.,  were  constructed  under  his  supervision,  but 
at  his  request  and  on  account  of  advancing  years,  he  was  relieved  from 
that  detail  and  transferred  to  New  Bedford  in  1913. 

Mr.  Appleton  was  married  to  Mary  Louise  Burnham,  of  Essex, 
Mass.,  on  October  1st,  1871,  and  is  survived  by  his  widow,  one  brother, 
four  sisters,  and  two  stepsons. 

He  was  the  founder  and  first  President  of  the  Society  of  Con- 
structors of  Federal  Buildings,  which  was  organized,  principally 
through  his  efforts,  in  1910,  with  the  idea  of  promoting  closer  relations 
between  the  Office  and  Field  forces  of  the  Supervising  Architect's 
Office,  and  thereby  raising  the  efficiency  of  both.  The  success  of  this 
organization,  which  has  grown  from  a  few  members  to  include  not 
only  the  entire  Field  force  of  the  Office,  but  also  a  considerable  num- 
ber of  the  Office  force,  is  due  to  Mr.  Appleton's  never-failing  interest 
and  activity  in  its  affairs.  He  attended  all  its  Annual  Conventions 
and  was  a  generous  contributor  to  the  pages  of  its  Journal,  his  last 
paper,  on  the  history  and  origin  of  the  Society,  having  been  published 
in  May,  1916. 

In  1874,  Mr,  Appleton  joined  the  Boston  Society  of  Civil  Engi- 
neers and  continued  his  membership  in  that  organization  for  many 
years  after  going  West.  He  was  a  charter  member  of  the  American 
Engineering  and  Maintenance  of  Way  Association  (now  the  American 
Railway  Engineering  Association),  and  while  in  Chicago,  he  joined 
the  Western  Society  of  Engineers  and  served  as  its  Secretary  for  a 
year  or  more.  He  was  also  a  member  of  the  American  Society  of 
Mechanical  Engineers  from  1893  to  1910,  a  member  of  Kilpatrick  Post 
No.  71,  G.  A.  R.,  of  Holyoke,  Mass.,  and  of  the  Zeta  Psi  Fraternity. 

The  following  extract  from  a  letter  from  the  Acting  Supervising 
Architect,  Mr.  James  A.  Wetmore,  to  the  Secretary  of  the  Society  of 
Constructors  of  Federal  Buildings,  expresses  the  high  estimate  in 
which  Mr.  Appleton  was  held  by  all  who  knew  him : 

u*  *  *  jj^  every  relation  with  him,  official  and  personal,  I  was 
impressed  with  his  devotion  to  duty,  his  ideals  of  rectitude  and  honor, 
his  kindly  disposition,  and  his  consideration  for  others.  Endowed 
with  a  pleasing  personality,  possessed  of  the  requisite  technical  qualifi- 
cations, gifted  with  tact  and  a  disposition  to  find  a  way  to  overcome 
difficulties,  it  was  natural  that  he  should  be  highly  regarded  by  his 
associates  and  co-workers  in  the  Office  and  in  the  Field.  I  feel  that  in 
his  death,  the  public  service  has  lost  a  faithful  servant,  your  Society 
a  devoted  adherent,  and  all  of  us  a  sincere  friend." 
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Mr.  Appleton's  immediate  superior,  Mr.  George  O.  Von  Nerta, 
Technical  Officer  of  the  Supervising  Architect's  Office,  writes: 

4£*  *  *  Where  he  stood  out  apart  from  the  rest  was  in  his  ability 
to  conceive  and  carry  into  execution  an  improvement  of  far-reaching 
effect." 

Mr.  Appleton  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  April  4th,  1883. 


JOHN  WALDO  ELLIS,  M.  Am.  Soc.  C.  E.* 


Died  October  30th,  1916. 


John  Waldo  Ellis,  son  of  John  and  Ame  Almira  Fisher  Ellis,  was 
born  in  Woonsocket,  R.  I.,  on  September  7th,  1845.  He  was  one  of 
four  children,  of  which  three  were  boys,  all  noted  civil  engineers. 

Mr.  Ellis  received  his  early  education  at  New  Hampton  Institute, 
New  Hampton,  N.  H.,  and  at  the  age  of  19  entered  the  employ  of  the 
Boston,  Hartford  and  Erie  Railroad,  then  building  from  Waterbury, 
Conn.,  to  Eishskill,  N.  Y.  His  advancement  was  rapid,  and  he  soon 
became  a  Division  Engineer  on  the  Troy  and  Greenfield  Railroad 
before  the  completion  of  the  Hoosac  Tunnel.  From  this  road  he  went 
to  the  Norwich  and  Worcester  Railroad  then  building,  and,  in  1869, 
came  to  Woonsocket,  R.  I.,  as  Chief  Engineer  of  the  Providence  and 
Worcester  Railroad,  at  the  same  time  opening  an  office  for  private 
practice  in  that  place,  which  he  maintained  up  to  within  a  few  years 
of  his  death. 

Mr.  Ellis  held  the  position  of  Chief  Engineer  of  the  Providence 
and  Worcester  Railroad,  up  to  the  time  that  road  was  absorbed  by  the 
New  York,  Providence  and  Boston  Railroad  in  1888.  Under  his  direc- 
tion the  road  was  double-tracked,  many  branch  lines  were  constructed, 
the  Wilkes-Barre  Coal  Pier  and  connection  was  constructed  at  Provi- 
dence, and  many  bridges,  stations,  and  terminals  were  rebuilt.  Dur- 
ing this  same  period  Mr.  Ellis'  private  practice  in  Woonsocket  was  at 
its  height,  and  many  prominent  engineers  of  the  present  day  received 
their  first  experience  in  the  old  Main  Street  office.  The  design  and 
direction  of  the  construction  of  Nourse  Mill,  of  the  Social  Manu- 
facturing Company,  the  Alice  Mill,  of  the  Woonsocket  Rubber  Com- 
pany, and  numerous  other  industrial  plants  and  enlargements  in 
Northern  Rhode  Island,   were  a  part  of  the  activities  of  this  office. 

From  1890  to  the  time  of  his  death,  Mr.  Ellis  was  connected 
prominently  with  the  various  engineering  problems  of  the  East.  He 
was  Engineer  for  the  Old  Colony  Railroad  Company  in  the  building 
of  the  Providence  Passenger  Terminal,  and  Engineer  Inspector  of  the 

*  Memoir  prepared  by  Lester  Waldo  Tucker,  M.  Am.  Soc.  C.  E. 
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Boston  and  Providence  Railroad,  from  the  time  of  its  lease  to  the  Old 
Colony  Railroad,  until  his  death.  His  connection  with  various  grade 
crossing  matters  in  Massachusetts  and  Rhode  Island  included  nearly 
every  important  problem  that  has  come  up.  He  vpas  one  of  the  Com- 
missioners for  the  abolishment  of  the  grade  crossings  in  Lowell,  Athol, 
and  Orange,  Mass.,  and  was  employed  as  engineering  expert  by  the 
Cities  of  Lynn,  Worcester,  Cambridge,  Fall  River,  Taunton,  Haver- 
hill, Readville,  and  a  large  number  of  small  towns. 

As  a  Water-Works  Expert,  Mr.  Ellis  was  among  the  foremost  in 
New  England,  serving  as  one  of  the  Commissioners  in  the  valuation 
of  the  Newburyport  and  Gloucester  Water-Works  when  these  were 
taken  over  by  the  City.  He  was  also  a  member  of  the  Commission  in 
tlie  diversion  claims  against  the  City  of  Pittsfield  and  the  claim  of  the 
Nassau  Paper  Company  against  the  Metropolitan  Water  Board. 

As  a  Town  and  City  Engineer,  Mr.  Ellis  was  especially  active, 
serving  as  Town  Engineer  of  Woonsocket  from  1870  to  the  time  it 
became  a  city  in  1888.  He  also  served  as  Engineer  for  the  Town  of 
Blackstone,  and  for  other  surrounding  towns,  up  to  the  time  of  the 
closing  out  of  his  private  practice. 

As  a  Hydraulic  Engineer,  Mr.  Ellis  was  very  active,  and  the 
Blackstone  and  other  rivers  in  Massachusetts  and  Rhode  Island  have 
many  a  dam  constructed  under  his  direction.  The  most  prominent  of 
these  are  the  Lonsdale,  Ashton,  and  Wilkinsonville  Dams  on  the 
Blackstone;  the  Slatersville  Reservoir  Dam  and  Middle  Dam  on  the 
Branch  River,  and  the  Georgiaville  Dam  on  the  Woonasquatucket,  in 
Rhode  Island. 

On  March  1st,  1901,  Mr.  Ellis  was  elected  President  of  the  Provi- 
dence Gas  Company,  and  took  up  the  active  management  of  that  Cor- 
poration, holding  the  position  of  President  and  General  Manager  to  the 
time  of  his  death.  Under  his  direction,  this  Company  became  one  of 
the  most  efficient  of  the  gas  companies  operating  in  the  East. 

Notwithstanding  his  many  engineering  engagements  and  business 
connections,  Mr.  Ellis  found  time  to  be  a  most  efficient  Director  and 
Manager  in  other  fields.  He  was  a  member  of  the  Board  of  Directors 
of  the  Industrial  Trust  Company,  of  Providence,  and  Chairman  of 
the  Board  of  the  Woonsocket  Branch  of  that  Company.  He  was  a 
Director  in  the  Woonsocket  Rubber  Company,  and  many  other  Cor- 
porations. He  was  also  a  Trustee  of  the  Woonsocket  Institution  for 
Savings,  from  18Y6  to  1908,  and  a  Trustee  of  the  Woonsocket  Hospital 
from  its  founding,  in  1890,  to  the  time  of  his  death.  Although  a 
prominent  member  of  many  clubs  and  social  organizations,  Mr.  Ellis 
had  no  connection  with  any  fraternal  or  secret  orders.  He  was  a 
member  of  the  Boston  Society  of  Civil  Engineers,  serving  as  President 
of  that  Society  in  1905.  He  was  also  a  member  of  the  New  England 
Water  Works  Association. 
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His  principal  diversion  in  his  leisure  was  that  of  driving.  From 
the  time  when  he  established  his  home  in  Woonsocket  his  stable  always 
contained  at  least  one  good  blooded  trotting  horse,  and  when  the  roads 
were  good  or  the  sleighing  at  its  best,  Mr.  Ellis  was  to  be  seen  among 
the  fastest  of  those  on  the  speedways.  He  was  a  member  of  the 
Woonsocket  Driving  Club,  the  Roger  Williams  Driving  Club,  of 
Providence,,  and  the  Metropolitan  Driving  Club,  of  Boston,  and  it  is 
interesting  to  note  that  only  three  weeks  before  his  death  he  drove  on 
the  track  of  the  latter  Club. 

Mr.  Ellis  was  a  prominent  figure  in  the  political  field  of  Woonsocket 
for  many  years.  He  served  as  Alderman  from  his  Ward  from  1895 
to  1897  and  was  President  of  the  Board  during  the  last  two  years  of 
this  service.  In  1904,  he  was  elected  State  Senator  from  his  city  and 
served  on  many  important  Committees. 

He  was  a  member  of  the  Board  of  Trustees  of  the  First  Universalist 
Church  for  many  years. 

Mr.  Ellis  was  a  man  of  such  marked  ability  in  any  of  the  fields 
into  which  he  entered  that  he  was  recognized  as  an  authority  on  an 
unusual  range  of  engineering  problems,  a  public  man  and  a  statesman 
of  great  ability,  and  a  business  man  with  keen  foresight  and  tre- 
mendous energy.  The  scope  of  his  talents  was  wide,  and  indicated  a 
breadth  of  mentality  seldom  found  in  one  man. 

Mr.  Ellis  was  married  on  May  23d,  1870,  to  Mary  F.  Howe,  who, 
with  one  son  and  two  daughters,  survives*  him. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  July  3d,  1895,  and  served  as  a  Director  from  1904  to  1906, 
inclusive. 


DANIEL  McCOOL,  M.  Am.  Soc.  C.  E.* 


Died  November  30th,  1916. 


Daniel  McCool  was  born  at  London,  Ont.,  Canada,  on  January  9th, 
1850.  He  was  educated  at  the  Jesuit  College  in  Quebec,  and,  later, 
was  graduated  from  the  English  High  School  in  that  city. 

In  1869,  Mr.  McCool  moved  to  Niagara  Falls,  N.  Y.,  and  later  to 
Auburn,  N.  Y.,  and  his  first  engineering  experience  was  gained  as 
Rodman  on  the  fortifications  at  Point  Lewis  where  he  was  employed 
for  two  years. 

He  then  entered  the  employ  of  the  New  York  and  Oswego  Midland 
Railroad  Company  as  Assistant  Engineer  on  construction.    In  1873,  he 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of 
the  Society. 
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became  Assistant  Resident  Engineer  on  the  New  York  Central  and 
Hudson  River  Railroad,  in  which  position  he  had  charge  of  the 
four-track  improvement  west  of  Syracuse,  N.  Y.,  under  the  Chief 
Engineer.  During  the  last  five  years  of  his  service  with  this  Company, 
Mr.  McCool,  in  addition  to  his  engineering  duties,  served  as  Assistant 
Superintendent  in  charge  of  traffic. 

In  1880,  Mr.  McCool  was  appointed  Private  Secretary  to  the  Gai- 
eral  Manager  of  the  Michigan  Central  Railroad  and  also  had  charge 
of  the  Engineering  Department  of  the  Company.  While  in  this 
position,  he  designed  and  constructed  the  new  freight  yards  and 
stockyards  at  Detroit  and  made  the  plans  for  the  new  Passenger  Station 
at  that  place,  as  well  as  the  improvements  connected  therewith. 

In  1882,  he  entered  the  service  of  the  Detroit,  Mackinaw  and 
Marquette  Railroad  Company  as  General  Superintendent  and  Chief 
Engineer.  In  this  capacity  he  had  charge  of  the  car  ferry  service 
over  the  Straits  of  Mackinac,  and  introduced  the  first  successful  ice- 
crushing  craft,  by  placing  a  propeller  at  the  bow  as  well  as  at  the 
stern  of  the  ferry.  While  in  the  employ  of  this  Company  he  extended 
the  line  to  Ishpeming  and  Negaunee,  Mich.,  in  order  to  tap  the 
extensive  iron  mines  in  that  region. 

In  1885,  Mr.  McCool  was  made  General  Manager  of  the  St.  Joseph 
and  Grand  Island  Railroad,  with  headquarters  at  St.  Joseph,  Mo. 
He  was  also  President  of  the  St.  Joseph  Terminal  Company,  and 
built  the  Kansas  City  and  Omaha  Railroad,  a  distance  of  200  miles, 
as  a  feeder  to  the  St.  Joseph  and  Grand  Island. 

In  1888,  he  became  General  Manager  of  the  Santa  Ee  and  Cali- 
fornia Railroad,  and  during  his  connection  with  that  Company  added 
100  miles  to  its  lines. 

In  1889,  Mr.  McCool  retired  from  railroad  work  and  made  an 
extended  tour  in  Europe.  On  his  return  to  the  United  States,  he 
organized,  in  1898,  the  Newaygo  Portland  Cement  Company,  at 
Newaygo,  Mich.,  with  which  he  was  identified  at  the  time  of  his  death, 
having  served  as  its  President  for  many  years  and  having  been  largely 
instrumental  in  putting  it  on  a  paying  basis.  Under  his  direction, 
the  marl  beds  near  Newaygo,  belonging  to  the  Company,  were  devel- 
oped, the  local  power  dam  was  built,  and  the  great  plant  of  the  Com- 
pany was  constructed.  In  addition  to  his  work  as  President  of  the 
Newaygo  Portland  Cement  Company,  Mr.  McCool  was  prominently 
identified  with  the  Edison  Electric  Light  Company,  of  Grand  Rapids, 
Mich.,  of  which  he  became  President  in  1901.  He  was  also  interested 
in  many  other  local  enterprises. 

In  the  summer  of  1899,  Mr.  McCool  sustained  serious  injuries 
in  a  runaway  accident  from  which  he  never  fully  recovered.  A 
short   time  before  his   death,   he  had   entered  the  Henry   Ford   Hos- 
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pital,  at  Detroit,  Mich.,  for  treatment,  and  had  returned  to  his  home 
in  Grand  Kapids  apparently  greatly  improved.  He  had  continued 
actively  in  the  business  of  the  Newaygo  Portland  Cement  Company  and 
had  visited  the  plant  only  a  few  days  before  the  brief  illness  which 
caused  his  death. 

Mr.  McCool  is  survived  by  his  widow,  who  was  Miss  Kate  Fisher, 
of  Batavia,  N.  Y.,  and  one  brother,  Mr.  William  A.  Tench,  of  Detroit, 
Mich. 

In  Grand  Rapids  and  Newaygo,  Mr.  McCool  was  widely  known  for 
his  benevolent  and  philanthropic  work,  having  been  actively  identified 
with  many  charitable  movements  in  both  places.  In  the  business 
world  his  influence  was  strong  and  progressive,  and  he  commanded 
high  esteem  among  men  of  large  affairs.  His  funeral  took  place  at 
Batavia,  N.  Y.,  and  out  of  respect  for  him  who  had  been  its  founder 
and  President,  the  hour  was  marked  by  the  complete  cessation  of 
operations  at  the  plant  and  power  house  of  the  Newaygo  Portland 
Cement  Company. 

Mr.  McCool  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  5th,  1883. 


THOMAS  FRANKLIN  RICHARDSON,  M.  Am.  Soc.  C.  E.* 


Died  December  26th,  1915. 


Thomas  Franklin  Richardson  was  born  at  Woburn,  Mass.,  on  Feb- 
ruary 10th,  1855.  He  was  of  Colonial  ancestry,  having  been  descended 
from  Samuel  Richardson  who  came  to  this  country  about  1030  from 
the  south  of  England  and  settled  in  what  is  now  Winchester,  Mass. 

Mr.  Richardson  was  graduated  in  1872  from  the  Boston  English 
High  School,  and  began  his  career  as  a  Civil  Engineer  in  May,  1873, 
as  Rodman  on  the  location  and  construction  of  the  aqueduct  for  the 
Sudbury  Water-Works,  for  the  City  of  Boston.  When  the  work  was 
finished  in  December,  1878,  he  had  been  promoted  to  the  position  of 
Instrumentman . 

From  December,  1878,  to  October,  1879,  he  was  employed  as 
Assistant  Engineer  for  the  City  of  Chelsea,  Mass.,  in  charge  of  the 
construction  of  the  main  trunk  sewer  for  that  place. 

In  January,  1880,  Mr.  Richardson  went  West  as  Topographer  on 
surveys  for  the  location  of  the  Atlantic  and  Pacific  Railroad  (now 
part  of  the  Santa  Fe  System),  and  in  seven  months  was  made  Division 
Engineer,    which   position    he    held    until    June,    1882.      As    Division 
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Engineer,  he  had  chai-ge  of  the  construction  of  about  25  miles  of  rail- 
road in  New  Mexico  and  Arizona  and  was  also  active  in  the  manage- 
ment of  that  portion  of  the  road.  His  work  here  included  the  con- 
struction of  the  Canon  Diablo  and  the  Padre  Caiion  Bridges  in  Arizona, 
the  former  of  which  was  a  notable  piece  of  engineering  for  that 
time,  being  a  steel  trestle  about  225  ft.  high  and  600  ft.  long.  Labor 
conditions  were  extremely  bad  in  this  country,  and  water  for  con- 
struction purposes  had  to  be  hauled  from  25  to  30  miles,  largely  by 
teams,  thus  making  the  work  very  difficult. 

In  October,  1882,  Mr.  Richardson  joined  the  Engineering  Corps 
of  the  Mexican  Central  Railway  Company  as  Assistant  Engineer.  In 
this  capacity  he  had  charge  of  the  construction  of  the  Encarnacion 
Bridge,  175  ft.  high  and  1  300  ft.  long.  At  that  time  this  bridge  was 
considered  to  be  the  most  important  piece  of  bridge  work  under- 
taken in  Mexico.  He  remained  with  this  Company  until  July,  1885, 
serving  for  about  a  year  as  Bridge  Engineer  on  the  southern  half  of 
the  road  and,  for  another  year,  as  Resident  Engineer  on  the  northern 
600  miles  of  the  same  road,  designing  and  constructing  a  great  many 
of  the  bridges. 

In  September,  1885,  Mr.  Richardson  was  appointed  Division  Engi- 
neer on  the  construction  of  the  Chicago,  Burlington  and  Northern 
Railroad  in  Wisconsin,  in  charge  of  timber  trestle  work  over  the 
Wisconsin  River  and  also  of  the  heavy  grading  work.  In  July,  1886, 
he  entered  the  employ  of  the  Colorado  Fuel  Company,  making  railroad 
surveys,  designing  structures,  and  making  estimates  for  the  develop- 
ment of  that  Company's  coal  properties  in  the  mountains  between 
Glenwood  Springs  and  Aspen,  Colo.  He  also  located  a  number  of 
railroad  lines  in  this  region  with  grades  as  high  as  5%,  using  switch- 
backs on  many  of  the  lines.  He  remained  with  the  Colorado  Fuel 
Company  until  May,  1887,  when  he  was  made  Division  Engineer  on 
the  construction  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad.  In 
this  capacity  he  had  charge  of  the  Division  Yard  at  Chillicothe  and 
the  heavy  work  near  the  Illinois  River.  For  the  greater  part  of  the 
last  year  (1888)  he  served  as  Resident  Engineer  in  charge  of  all 
new  work  in  the  State  of  Illinois. 

From  January  to  April,  1889,  Mr.  Richardson  was  engaged  on  the 
location  of  a  line  in  the  San  Luis  Valley,  from  Valley  Grove  to 
Alamaso,  for  the  Denver  and  Rio  Grande  Railroad,  and,  from  April, 
1889,  to  January,  1892,  he  was  Chief  Engineer  on  the  location  and 
construction  of  the  Manitou  and  Pike's  Peak  Railroad.  This  road 
has  a  maximum  grade  of  25  ft.  per  100,  with  a  maximum  curvature 
of  16°,  is  9  miles  long,  and  extends  from  an  elevation  of  about  6  000  ft. 
to  one  of  14  100  ft.  above  sea  level,  about  3^  miles  of  it  being  above 
the  timber  line.  Mr.  Richardson  designed  all  the  structures  and  all 
the  appliances  for  laying  the  Abt  rack  rail  which  was  used  on  this  line. 
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In  February,  1892,  he  went  to  Chicago,  111.,  where  he  entered  the 
service  of  the  Sanitary  District  as  Assistant  Engineer,  having  charge 
of  the  construction  of  several  miles  of  the  Lemont  portion  of  the  main 
channel,  and  from  April  to  August,  1893,  he  served  as  Engineer  in 
charge  of  the  construction  of  the  68th  Street  Tunnel  (one  of  the  water 
tunnels  built  of  brick  through  clay  and  silt  4  miles  under  Lake  Michi- 
gan) for  the  City  of  Chicago. 

In  August,  1893,  Mr.  Richardson  returned  to  Massachusetts  where 
he  entered  the  service  of  the  State  Board  of  Health  and,  \intil  June, 
1895,  had  charge  of  surveys  for  all  the  reservoirs  and  aqueducts  in 
connection  with  the  investigations  for  a  water  supply  for  the  Metro- 
politan District.  He  made  the  preliminary  locations,  designs,  and 
estimates  of  cost,  for  the  location  of  the  Wachusett  Aqueduct;  the 
Wachusett  Reservoir  and  Dam,  including  all  appurtenances  thereto; 
a  reservoir  on  Ware  River,  together  with  a  tunnel  8.7  miles  long  con- 
necting it  with  the  Wachusett  Reservoir;  a  reservoir  on  Swift  River, 
including  a  tunnel  27.6  miles  long,  also  connecting  this  reservoir  with 
the  Wachusett  Reservoir;  and  the  Weston  Aqueduct,  as  well  as  many 
other  sources  of  supply. 

From  July,  1895,  to  January,  1906,  Mr.  Richardson  was  employed 
as  Engineer  of  the  Dam  and  Aqueduct  Department  of  the  Metropolitan 
Water- Works,  in  charge  of  the  construction  of  the  Wachusett  Reser- 
voir, 12  miles  long,  which  work  included  a  timnel  2  miles  long  and 
a  masonry  arch  bridge  over  the  Valley  of  the  Assabet  River.  He  also 
had  charge  of  the  construction  of  the  sewage  filtering  system  for 
Clinton,  Mass.,  including  a  power-house  and  25  acres  of  filter  beds. 
Until  May,  1906,  he  had  charge  of  studies  for  the  location  and  design 
of  the  North  Dike  and  the  land  surveys  for  the  Wachusett  Reservoir. 
This  work  included  the  relocation  of  the  Central  Massachusetts  Rail- 
road from  Berlin  Jvmction  to  the  North  Dike,  with  a  steel  viaduct 
about  135  ft.  high  and  1  000  ft.  long,  across  the  Nashua  River  below 
the  dam.  Mr.  Richardson  also  made  the  final  location  for  the  Weston 
Aqueduct  and  was  in  charge  of  the  construction  work  in  connection 
with  the  Wachusett  Dam,  as  well  as  serving  as  Engineer  of  the  Reser- 
voir Department  in  1905. 

In  January,  1906,  Mr.  Richardson  entered  the  employ  of  the  J.  G. 
White  Company,  Incorporated,  as  Construction  Superintendent  in 
charge  at  the  Laguna  Dam  near  Yuma,  Ariz.,  for  the  United  States 
Reclamation  Service. 

In  March  of  the  same  year,  he  returned  to  the  Metropolitan  Water- 
Works  of  Boston,  Mass.,  as  Engineer  of  the  Dam  and  Reservoir  De- 
partment, which  position  he  held  until  July,  when  he  was  appointed 
Resident  Manager  in  charge  of  the  construction  of  the  plant  of  the 
Rockingham  Power  Company  on  the  Peedee  River  at  Hamlet,  N.  C, 
where  he  remained  until  July,  1907. 
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In  September,  1907,  Mr.  Richardson  again  joined  the  forces  of  the 
J.  G.  White  Company,  Incorporated,  and  was  placed  in  charge  of 
the  La  Crosse  water-power  development  at  Hatfield,  Wis.  In  Decem- 
ber, 1907,  he  returned  to  New  York  City,  and  on  January  1st,  1908, 
was  appointed  General  Superintendent  of  Construction  in  charge  of 
contract  work  for  the  New  York  office.  In  this  capacity,  he  had 
charge  of  various  large  hydro-electric  works,  such  as  the  La  Crosse 
Power  Company's  development,  at  Hatfield,  Wis.;  the  Connecticut 
River  Power  Company's  development  near  Brattleboro,  Vt. ;  the 
Central  Georgia  Power  Company's  development  at  Jackson,  Ga. ;  the 
Idaho-Oregon  Light  and  Power  Company's  development  at  Cbpperfield, 
Ore.;  the  Minnesota-Ontario  Power  Company's  development  at  Inter- 
national Palls,  Minn.,  as  well  as  the  Idaho  Irrigation  development 
in  the  vicinity  of  Richfield,  Idaho.  Mr.  Richardson  continued  as  Gen- 
eral Superintendent  of  Construction  until  September  1st,  1909,  when 
he  was  made  Chief  Civil  Engineer  of  the  Company.  While  in  this 
position,  he  made  numerous  investigations,  studies,  and  cost  estimates 
for  power  developments  and  also  acted  as  Consulting  Expert  in  engi- 
neering matters  for  the  Company.  During  this  time  he  was  also 
engaged  as  Consulting  Engineer  in  connection  with  the  Fellsmere 
Farms  Company's  work  of  reclaiming  swamp  lands  in  Florida. 

When  the  Engineering  Department  of  the  J.  G.  White  Company, 
Incorporated,  was  taken  over  by  its  subsidiary.  The  J.  G.  White 
Engineering  Corporation,  January  1st,  1913,  Mr.  Richardson  became 
Civil  Engineer  for  the  latter,  which  position  he  retained  until  August 
1st,  1914,  when  he  was  obliged  to  resign  on  account  of  failing  health. 
He  continued,  however,  to  engage  in  consulting  work  until  a  short 
time  before  his  death  which  occurred  at  his  home  at  Rutherford,  N.  J., 
on  December  26th,  1915. 

Mr.  Richardson  was  engaged  for  more  than  40  years  in  all  kinds 
of  engineering  work,  including  the  construction  of  railroads,  water 
supply,  irrigation,  drainage,  and  hydro-electric  projects.  His  work 
extended  over  all  parts  of  the  United  States,  which  fact  made  him 
widely  known  as  a  capable  engineer,  an  energetic  executive,  and  a 
faithful  and  honest  man. 

On  October  4th,  1888,  Mr.  Richardson  was  married  to  Miss  Nellie 
Symonds  who,  with  three  sons,  survives  him. 

He  was  a  member  of  the  Boston  Society  of  Civil  Engineers,  the 
New  England  Water  Works  Association,  and  the  Engineers'  Club 
of  New  York  City.  He  was  also  a  Knight  Templar  and  a  Mystic 
Shriner. 

Mr.  Richardson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  November  4th,  1885. 
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EDMUND  BROWNELL  WESTON,  M.  Am.  Soc.  C.  E.* 


Died  December  9th,  1916. 


Edmund  Brownell  Weston,  the  son  of  the  Hon.  Gershom  Bradford 
and  Deborah  (Brownell)  Weston,  was  born  in  Duxbury,  Mass.,  on 
March  25th,  1850.  He  was  descended  from  a  family  famous  as  ship- 
builders and  shipowners  whose  vessels  were  known  in  every  seaport 
of  the  world.  In  1842,  the  firm,  the  E.  Weston  Company,  was  rated 
by  Lloyd's,  of  London,  as  the  greatest  shipping  concern  in  the  world. 
Mr.  Weston's  father  was  a  member  of  the  Convention  which  nominated 
John  C.  Fremont  for  the  Presidency  in  1856,  and  also  of  that  which 
nominated  Abraham  Lincoln  in  1860.  His  mother  belonged  to  the 
Brownell  family  of  Little  Compton,  R.  I. 

Mr.  Weston  was  educated  in  the  public  schools  and  at  the  Partridge 
Academy  of  his  native  town,  the  Highland  Military  Academy  at 
Worcester,  Mass.,  and  by  private  tutors. 

From  1871  to  1874,  he  was  a  student  in  the  office  of  the  late  Joel 
Herbert  Shedd,  M.  Am.  Soc.  C.  E.,  then  Chief  Engineer  of  the  Provi- 
dence, R.  I.,  Water-Works  which  were  being  constructed  at  that  time. 
In  1874,  Mr.  Weston  was  appointed  Assistant  Engineer  on  that  work, 
and  held  that  position  until  1877  when  Mr.  Shedd  resigned.  Early 
in  1877,  when  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E.,  was  elected  Chief 
Engineer  and  Superintendent  of  the  Water-Works  to  succeed  Mr. 
Shedd,  Mr.  Weston  was  appointed  one  of  his  Assistant  Engineers, 
and,  in  this  capacity,  had  charge  of  the  Water  Department  until 
1897,  when  he  resigned  to  engage  in  private  practice  as  a  Consulting 
Engineer. 

Mr.  Weston  had  been  in  poor  health  for  a  year,  but  had  only  been 
confined  to  his  bed  about  two  months  when  his  death  occurred,  from 
hardening  of  the  arteries,  at  the  Des  Brisay  Hospital,  at  Boston,  Mass. 
He  is  survived  by  two  brothers  and  one  sister,  all  residing  in  Boston, 
Mass. 

At  the  time  of  his  death,  Mr.  Weston  was  President  of  the  Jewell 
Export  Filter  Company,  of  Providence,  E.  I.,  and  was  widely  known 
as  a  hydraulic  engineer.  He  had  designed  and  constructed  filtration 
systems,  in  connection  with  water-works,  in  many  cities,  both  in 
America  and  abroad,  and  had  traveled  practically  over  the  civilized 
world  studying  systems  of  water  filtration  wherever  he  went.  Until 
the  war  broke  out  in  Europe,  in  1914,  he  had  spent  every  summer 
abroad. 

In  addition  to  his  practical  work  on  hydraulics,  Mr.  Weston  had 
contributed  much  to  the  literature  on  the  subject,  his  best  known 
*  Memoir  prepared  by  the  Secretary,  from  information  on  file  at  the  House  of  the  Society. 
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work  being  ''Friction  of  Water  in  Pipes",  published  in  1873.  He  had 
also  contributed  many  discussions  and  four  papers  on  the  subject  to 
the  Transactions  of  the  Society,  namely,  "Description  of  Some  Experi- 
ments on  the  Flow  of  Water  Through  2i-Inch  Rubber  Hose  and 
Nozzles  of  Various  Forms  and  Sizes,  Made  in  the  Providence,  R.  I., 
Water- Works.  Also  Results  of  Investigations  Relating  to  the  Height 
of  Jets  of  Water"'  (1884);  "Description  of  Some  Experiments  Made 
in  the  Providence,  R.  I.,  Water- Works,  to  Ascertain  the  Force  of 
Water  in  Pipes"  (1885)  ;  "The  Results  of  Investigations  Relative  to 
Formulas  for  the  Flow  of  Water  in  Pipe"  (1890);  and  "Test  of  a 
Mechanical  Filter"  (1900). 

Mr.  Weston  was  a  member  of  the  University  Club,  of  Providence, 
R.  I.;  the  India  House  Club,  of  New  York  City;  the  Boston  Society 
of  Civil  Engineers;  the  Institution  of  Civil  Engineers  of  Great 
Britain;  and  the  Authors  and  Royal  Societies  of  London,  England. 
He  was  also  a  member  of  Corinthian  Lodge,  F.  and  A.  M.,  of  Provi- 
dence, R.  I. 

The  following  resolution  on  the  death  of  Mr.  Weston  was  adopted 
unanimously  by  the  Directors  of  the  Jewell  Export  Filter  Company : 

Resolved:  That  the  Company  and  the  Board  of  Directors  have  suf- 
fered a  great  loss  in  the  death  of  Mr.  Edmund  B.  Weston,  so  long  the 
President  and  General  Manager  of  this  Company,  and  its  Consulting 
Engineer,  and  that  the  Board  take  this  occasion  to  express  its  appre- 
ciation of  the  long  and  faithful  service  that  Mr.  Weston  rendered  the 
Company,  fully  realizing  that  he  at  all  times  gave  the  Company  that 
valuable  service  which  was  the  result  of  his  intimate  knowledge  of 
the  business  and  affairs  of  the  Company  and  the  matters  in  which  it 
has  been  engaged,  and  further  realizing  that  Mr.  Weston  rendered 
this  service  oftentimes  handicapped  with  the  discouragement  of  physical 
ailments  which  would  have  taxed  the  determination  of  men  less  faithful 
than  he;  and  it  is  further 

Resolved:  That  copies  of  the  above  resolution  be  sent  to  the  Exec- 
utors of  Mr.  Weston's  estate. 

Mr.  Weston  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  on  December  6th,  1882. 


HOWARD  ARNOLD  GREENE,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  February  2d,  1917, 


Howard  Arnold  Greene  was  born  at  Providence,  R.  I.,  on  Sep- 
tember 15th,  1860. 

Immediately  after  his  graduation  from  Brown  University,  in  June, 
1884,  Mr.  Greene  entered  the  employ  of  S.  B.  Cushing  and  Company, 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the 
Society. 
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Engineers  and  Surveyors,  and  remained  with  that  firm  until  April, 
1887.  While  with  this  Company,  Mr.  Greene  was  engaged  on  the  con- 
struction of  the  Diamond  Hill  Reservoir  for  the  Pawtucket,  R.  I., 
Water-Works,  on  the  greater  part  of  the  line  of  the  Union  Street  Rail- 
road Company,  and,  as  Assistant  Engineer,  on  all  the  preliminary  work 
for  the  Providence  Cable  Railroad  Company  and  the  improvements 
of  the  Park  Land  Company,  at  Elmwood,  R.  I. 

In  April,  1887,  Mr.  Greene  was  appointed  Division  Engineer  with 
the  Hudson  Connecting  Railroad  Company,  under  the  late  P.  P. 
Dickinson,  M.  Am.  Soc.  C.  E.,  as  Chief  Engineer,  on  the  Poughkeepsie 
Bridge  route.  When  this  was  finished,  in  September,  1888,  he  ac- 
cepted a  position  as  Engineer  for  J.  W.  Cofiin  and  Company,  Con- 
tractors for  the  Brigantine  Beach  Railroad,  which  position  he  retained 
until  August,  1889,  when  he  went  to  the  Dunderbergh  Spiral  Railroad 
Company,  as  Division  Engineer,  until  work  on  that  line  was  stopped. 

In  December,  1889,  Mr.  Greene  was  appointed  Locating  Engineer 
with  the  Danville  and  East  Tennessee  Railroad  Company.  He  re- 
mained in  that  position  until  May,  1890,  when  he  entered  the  employ 
of  Morris  and  Darly,  Engineers  and  ^Contractors,  of  Bristol,  Tenn., 
as  Assistant  Engineer  on  surveys  for  the  State  of  Virginia  and  on  the 
erection  of  a  blast  furnace  at  Bristol,  Tenn. 

In  December,  1890,  Mr.  Greene  was  engaged  as  Engineer  in  charge 
of  the  construction  of  the  terminal  pier  at  Atlantic  Highlands,  N.  J., 
for  the  Central  Railroad  of  New  Jersey.  He  afterward  went  to  Con- 
necticut as  Assistant  Engineer  on  the  location  of  about  30  miles  of 
railroad,  under  the  late  Joseph  Norton  Greene,  M.  Am.  Soc.  C.  E., 
as  Chief  Engineer. 

In  November,  1892,.  Mr.  Greene  entered  the  employ  of  the  New 
Jersey  Steel  and  Iron  Company  as  Assistant  Engineer.  He  was  pro- 
moted, until  at  the  time  of  the  incorporation  of  the  American  Bridge 
Company,  he  was  in  charge  of  erection  in  the  New  York  District. 

In  July,  1901,  he  was  appointed  Erection  Manager  of  the  Pitts- 
burgh Division  for  the  American  Bridge  Company,  which  position  he 
held  at  the  time  of  his  death.  While  serving  in  this  capacity,  Mr. 
Greene  had  charge  of  the  erection  of  many  important  structures  and 
had  invented  a  number  of  important  erection  devices  which  are 
patented. 

He  died  of  pneumonia  at  his  home  in  Pittsburgh,  Pa.,  on  February 
2d,  1917,  after  a  brief  illness,  and  is  survived  by  his  widow. 

Mr.  Greene  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers,  on  June  5th,  1895. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


March  14th,  1917.— Special  Meeting — The  meeting  was  called  to 
order  at  8.30  p.  M.;  Vice-President  Kittredge  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also  462  members  and  guests. 

J.  deB.  W.  Gardiner,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  an 
officer  in  the  United  States  Army,  and  at  present  Military  Expert  for 
The  New  York  Times,  addressed  the  meeting  on  "The  Present  Situa- 
tion of  the  Great  "War",  with  an  exposition  of  the  strategy  and  tactics 
which  led  up  to  the  present  conditions,  and,  based  on  the  events  of  the 
past  two  years,  a  discussion  of  the  logical  outcome.  Mr.  Gardiner 
illustrated  his  address  with  lantern  slides. 

Adjourned. 
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March  21st,  i9'7' — The  meeting  was  called  to  order  at  8.30  p.  m. ; 
Director  Alfred  D.  Flinn  in  the  chair ;  Chas.  Warren  Hunt,  Secretary ; 
and  present,  also,  110  members  and  16  guests. 

A  paper  by  F.  W.  Scheidenhelm,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Reconstruction  of  the  Stony  River  Dam,"  was  presented  by  the  author 
and  illustrated  with  lantern  slides. 

A.  communication  on  the  subject  from  Edward  Godfrey,  M.  Am. 
Soc.  C.  E.,  was  read  by  the  Secretary. 

The  paper  was  discussed  orally  by  Messrs.  Charles  E.  Gregory, 
Edward  Wegmann,  and  William  P.  Creager.  The  Secretary  an- 
nounced that  he  had  received  written  discussions  from  Messrs.  J.  K. 
Finch,  J.  W.  Ledoux,  P.  Rutenberg,  Fred  F.  Moore,  W.  S.  Downs,  and 
H.  L.  Coburn,  but  could  not  present  them  owing  to  the  lateness  of 
the  hour. 

The  Secretary  announced  the  election  of  the  following  candidates, 
on  March  13th,  1917: 

As  Members 

Boris  Alexandrowitch  Bakhmetefp,  Petrograd,  Russia 

William  Bowie,  Washington,  D.  C. 

Guy  Herbert  Chase,  Fitchburg,  Mass. 

Elbridge  Robbins  Conant,  Savannah,  Ga. 

Clement  Alexander  Finley  Flagler,  Washington,  D.  C. 

Alfred  Lamar  Hartridge,  Boston,  Mass. 

Ernest  Demarest  Hendricks,  Fort  Plain,  IST.  Y. 

Frank  Avil  Holby,  New  York  City 

Frank  Hutchinson,  Riverton,  Minn. 

James  Houstoun  Johnston,  Atlanta,  Ga. 

Frederick  Merrick  Joy,  Birmingham,  Ala. 

Charles  Paul  Keyser,  Portland,  Ore. 

Richard  Levi  Miller,  St.  Louis,  Mo. 

Herbert  George  Moulton,  New  York  City 

Charles  Underhill  Powell,  Flushing,  N.  Y. 

Sergei  Nicolaevitch  Sissoeff,  Petrograd,  Russia 

William  Stewart  Thomson,  Buffalo,  N.  Y. 

Edward  Garland  Trueheart,  Montevideo,  Uruguay 

John  Fairfield  Vaughan,  Boston,  Mass. 

As  Associate  Members 

Ralph  Benjamin  Allen,  Albany,  N.  Y. 
Howard  Royston  Anderson,  Mt.  Hope,  W.  Va. 
Arthur  Garratt  Atkinson,  Ukiah,  Cal. 
Manche  Owen  Bennett,  Pendleton,  Ore. 
Ernest  William  Bennison,  Coming,  Iowa 
Hans  Berents,  Shanghai,  China 
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RoLLO  Kimball  Blanchard,  New  York  City 

Edward  Sorrel  Blech,  Cienfuegos,  Cuba 

George  Harley  Burnette,  Brownsville,  Pa. 

Edwin  Walker  Buxton,  Kansas  City,  Mo. 

Henry  Carringtcn,  Tampico,  Mexico 

William  Franklin  Carson,  Philadelphia,  Pa. 

Hugh  Ruben  Carter,  Little  Rock,  Ark. 

Cloyde  Cleaver  Chambers,  Dayton,  Ohio 

Wilbur  Sherman  Corkran,  Wilmington,  Del. 

Albert  Eli  Crane,  Augusta,  Ga. 

Waldo  Edgar  Dodge,  Berkeley,  Cal. 

Guy  Banker  Edwards,  Cleveland,  Ohio 

Earle  Walker  Fassett,  Los  Angeles,  Cal. 

William  Anthony  Golden,  New  York  City 

ExuM  Moses  Haas,  Cleveland,  Ohio 

Kenneth  Douglass  Hauser,  Vancouver,  B.  C,  Canada 

Henry  Amyatt  Chaundy  Hellyer,  Tenafly,  N.  J. 

Lindsay  Coates  Herkness,  New  York  City 

LoRiNG  Kenneth  Jordan,  San  Francisco,  Cal. 

Charles  Porterfield  Kahler,  Salt  Lake  City,  Utah 

Raymond  Earl  Kerr,  Morgantown,  W.  Va. 

Valentine  Odell  Ketcham,  Wilmington,  Del. 

Ernest  Kitchen,  St.  Petersburg,  Fla. 

Alfred  Harry  Labsap,  Riverton,  La. 

Walter  Colton  Little,  Jr.,  San  Luis  Obispo,  Cal. 

Arthur  Russell  Lord,  Chicago,  111. 

Arthur  Louis  Luedke,  Washington,  D.  C. 

Joseph  Giovanni  Luzzatto,  New  York  City 

Edward  Herbert  McConnell,  Nashville,  Tenn. 

Roger  Barton  McWhorter,  Dayton,  Ohio 

Luther  Robinson  Maddox,  Chattanooga,  Tenn. 

Theodore  Russell  Maul,  South  Bethlehem,  Pa. 

Alfred  Harold  Metcalfe,  Rochester,  N.  Y. 

Charles  Louis  Meyer,  Omaha,  Nebr. 

Irving  Clark  Moller,  Antofogasta,  Chile 

Clarence  Moriarty,  Sioux  City,  Iowa 

Arthur  Miller  Porter,  Redwood  City,  Cal. 

Henry  Edward  Riexinger,  Buffalo,  N.  Y. 

John  Roderick  Sexton,  Meadville,  Pa. 

Victor  Charles  Smith,  Dayton,  Ohio 

Roy  Elbert  Spear,  Flint,  Mich. 

Arthur  Taylor,  Calipatria,  Cal. 

David  Alexander  Wallace,  Ottawa,  Ont.,  Canada 

Jasper  Dudley  Ward,  Denver,  Colo. 

Edward  Willoughby  Wendell,  Hudson  Falls,  N.  Y. 
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As  Juniors 

Adolfo  Ramirez  Arellano   y  Gonzalez  de  Mendoza,   Havana, 

Cuba 
Joel  Bean  Cox,  Wailuku,  Hawaii 
Ernesto  Gomez,  Chicago,  111. 
Hector  Clinton  Griswold,  Troy,  N.  Y. 
Arthur  Edward  Haley,  Cotabato,  Philippine  Islands 
Charlie  William  Hickok,  Kansas  City,  Mo. 
Raymond  Joseph  Keays,  Poughkeepsie,  'N.  Y. 
Roland  August  Muenster,  Austin,  Tex. 
Blair  Arthur  Ross,  Memphis,  Tenn. 
George  Hutze  Ruhling,  Flint,  Mich. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  March  13th,  1917 : 

From  Associate  Member  to  Member 
Ralph  Norman  Begien,  Baltimore,  Md. 
Ernest  Bateman  Black,  Kansas  City,  Mo. 
George  William  Burpee,  New  York  City 
Borden  Baker  Harris,  New  York  City 
Stuart  Wilson  Jackson,  Pittsburgh,  Pa. 
Jacob  Loewenstein,  New  York  City 
Henry  Peyton  Mobberly,  Springfield,  Mo. 
Stephen  Allen  Roake,  Bloomfield,  Mo. 
Arthur  Winthrop  Sargent,  Seattle,  Wash. 
Frank  George  White,  San  Francfsco,  Cal. 

From  Junior  to  Associate  Member 

Charles  Wilbur  Banks,  Boston,  Mass. 

Joseph  Lawrence  Brennan,  New  York  City 

Joseph  Jenks  Chamberlain,  Jr.,  East  Cleveland,  Ohio 

Eugene  Hunter  Coleman,  New  Orleans,  La. 

Clarence  Winston  Cooper,  Anniston,  Ala. 

Emil  Frank  Cykler,  Honolulu,  Hawaii 

David  Metheny  Dodds,  Kansas  City,  Mo. 

Keyes  Christopher  Gaynor,  Sioux  City,  Iowa 

Mortimer  Grunauer,  New  York  City 

George  Raymond  Hawes,  Seattle,  Wash. 

Boyle  Irwin,  Narberth,  Pa. 

Carl  Harman  Knoettge,  Ithaca.  N.  Y. 

Chester  Brooks  Lewis,  Ann  Arbor,  Mich. 

Antonio  Sebastian  Lucchetti-Otero,  San  Juan,  Porto  Rico 

Samuel  Alexander  McWilliams,  Malta,  Mont. 

Percy  Shelley  Monk,  Chattanooga,  Tenn. 
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Harold  Perrine,  New  York  City 

Ealph  Keginald  Eandell,  Albuquerque,  X.  Mex. 

James  Ralph  Shields,  Berkeley,  Cal. 

Ealph  Alcorn  Smallman,  Birmingham,  Ala. 

Harry  Herman  Steinhauser,  Brooklyn,  N.  Y. 

George  Blaney  Taylor,  New  Britain,  Conn. 

Charles  Eandolph  Thomas,  Greenville,  S.  C. 

The  Secretary  announced  the  following  deaths: 

WiLLL\M  Douglas  Pickett,  of  Lexington,  Ky.,  elected  Member,  July 
6th,  1853;  Honorary  Member,  April  1st,  1914;  died  March  5th,  1917. 

William  Henry  Baldwin,  of  Yonkers,  N.  Y..  elected  Member, 
June  6th,  1888 ;  died  March  6th,  1917. 

Daniel  Wheeler  Bowman,  of  Phoenixville,  Pa.,  elected  Member, 
December  3d,  1912;  died  March  13th,  191Y. 

George  Henry  Frost,  of  Plainfield,  N.  J.,  elected  Associate,  Jan- 
uary 4th,  1882;  died  March  15th,  1917. 

Adjourned. 

April  4th,  1917. — The  meeting  was  called  to  order,  in  the  Audi- 
torium of  the  Engineering  Building,  at  8.30  P.  m.  ;  President  George 
H.  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  about  610  members  and  guests. 

The  minutes  of  the  meetings  of  February  21st  and  March  7th,  1917, 
were  approved  as  printed  in  Proceedings  for  February,  1917. 

Mr.  John  E.  MacArthur,  a  member  of  the  American  Industrial 
Commission  which  visited  France  in  1916,  addressed  the  Society  on 
"France  at  Work  and  at  War,  as  seen  on  a  Eecent  Visit",  illustrating 
his  remarks  with  lantern  slides  and  moving  pictures. 

At  the  conclusion  of  the  address,  and  on  motion  duly  seconded, 
three  cheers  were  given  for  France. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION 
(Abstract) 

March  13th,  1917. — The  Board  met  at  10.30  P.  m.,  immediately 
after  the  adjournment  of  the  Membership  Committee ;  President  Pegram 
in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also, 
Messrs.  Davies,  Harwood,  Noble,  and  Eights. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  19  Members,  51  Associate  Members,  and  10  Juniors,  and  the  trans- 
fer of  23  Juniors  to  the  grade  of  Associate  Member. 

Ten  Associate  Members  were  transferred  to  the  grade  of  Member. 

A  Eeport  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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SOCIETY  ITEMS  OF  INTEREST 

UNITED  ENQINEERINQ  SOCIETY 

Extracts  from  the  Annual  Report*  of  the  President, 

Mr.  Charles  F.  Rand. 

The  important  fact  of  the  year  1916  is  that  on  July  25th  contracts 
were  executed  by  which  the  American  Society  of  Civil  Engineers 
became  an  additional  Founder  Society  and  arranged  to  make  its 
permanent  home  in  our  building.  The  contracts  provide  for  the  con- 
struction of  three  additional  stories  to  the  building,  the  American 
Society  to  contribute  a  sum  considered  equivalent  to  what  each  other 
Foundpr  Society  had  contributed  and  to  participate  in  the  original 
Carnegie  gift  and  have  an  equal  share  in  the  property  with  each  other 
Founder  Society. 

The  construction  of  the  addition  to  the  building  is  under  way, 
$62  525.04  having  been  expended  thereon  in  1916. 

This  work  is  in  charge  of  a  Building  Committee  consisting  of 
H.  H.  Barnes,  Jr.,  Chairman,  E.  G.  Spilsbury,  Charles  Warren  Hunt, 
and  Charles  F.  Rand. 

At  the  request  of  the  Founder  Societies,  important  alterations  were 
made  to  the  lecture  halls  on  the  fifth  floor  of  the  building  to  make  the 
same  suitable  for  social  fimctions  of  the  societies. 

The  Library  of  the  American  Society  is  being  merged  with  the 
Library  of  the  XJ.  E.  S.  and  the  other  Founder  Societies. 

At  the  present  time  the  membership  of  the  four  Founder  Societies 
is  29  000  and  of  associate  societies  23  000,  so  that  a  total  of  52  000 
engineers  now  have  their  headquarters  in  our  building. 

The  building  is  at  present  fully  occupied. 

The  value  of  the  real  estate  now  owned  by  this  Society  is 
$1  647  171.16.  This  sum  will  be  increased  at  the  end  of  1917  by  the 
amount  of  the  cost  of  the  addition  to  the  building. 

The  income  of  the  Society  during  1916  was $53  062.03 

The   expenditure   was 44  316.20 

Gain  for  the  year 8  745.83 

Funds  for  the  benefit  of  the  Library  were  obtained  during  the  year 
from*  contributions  by  the  societies  of  Civil,  Mining,  Mechanical  and 
Electrical    Engineers    and    the    United    Engineering    Society    to    the 

amount  of $15  542.33 

From  miscellaneous   sources 1  751.03 

The  gross  income  from  searches  was 5  382.98 

Total $22  676.34 

*  This  is  a  condensation  from  the  Annual  Report  of  the  United  Engineering  Society, 
and  contains  matters  which  would  seem  to  be  of  interest  to  the  membership  of  the 
American  Society  of  Civil  Engineers. — Secretary. 
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The  Library  expenses  have  been  as  follows : 

Library  books  purchased $2  340.88 

Library  binding  expense 1  442.55 

Library  supplies  and  miscellaneous  expenses 1  379.38 

Library  salaries 10  923.81 

Library  photostat 1  091.02 

Library  new  lighting  fixtures 132.4  i 

Library  searches  expense 5  366.23 

Total $22  676.34 

Dr.  James  Douglas,  who  started  our  Library  Endowment  Fund 
with  a  gift  of  $5  000,  has  added  $95  000  thereto.  The  total  of  the  fund 
is  now  $102  559.70.  An  effort  is  being  made  to  materially  increase 
this  fund,  as  the  Library  requires  the  income  of  a  million  dollars  for 
its  proposed  development. 

The  securities  in  the  Engineering  Foundation  Fund  were  sold  and 
the  proceeds  re-invested  to  produce  a  higher  income,  as  shown  in 
detail  in  the  Treasurer's  report.    The  Fund  now  amounts  to  $203  374.80. 

The  general  Reserve  Fund  remains  unchanged  at $10  000.00 

The  Depreciation  and  Renewal  Fund  is  now 71  456.12 

The  Surplus  Account,  December  31st,  1916,  is 6  053.25 

The  John  Fritz  Medal 

The  attention  of  the  membership  is  called  to  a  very  handsome 
book,  recently  published  by  the  John  Fritz  Medal  Board  of  Award, 
which  gives  a  history  of  the  medal,  the  rules  of  award,  and  biographical 
sketches  of  the  medallists,  each  illustrated  with  a  portrait.  The  book 
was  designed  to  furnish  information  to  engineers  concerning  this 
medal,  the  annual  award  of  which  is  in  the  hands  of  a  Board  appointed 
by  the  four  Founder  Societies.  It  is  not  in  any  sense  a  commercial 
enterprise.  Copies  may  be  obtained  by  addressing  the  Secretary,  John 
Fritz  Medal  Board  of  Award,  Engineering  Societies  Building,  29 
West  39th  Street,  New  York  City,  the  price  being  $2.50  per  copy. 

Meeting  for  the  Award  of  the  John  Fritz  Medal  for  I9l7 

The  John  Fritz  Medal  for  1917,  awarded  to  Professor  Henry  M. 
Howe  for  "his  investigations  in  metallurgy  and  especially  in  the 
metallography  of  iron  and  steel,"  will  be  presented  on  Thursday, 
May  10th,  1917,  at  8.30  p.  M.,  in  the  Auditorium  of  the  Engineering 
Building,  29  West  39th  Street. 

Dr.  Ambrose  Swasey,  President  of  the  John  Fritz  Medal  Board  of 
Award,  will  preside.  Dr.  Rossiter  W.  Raymond  will  speak  on  Pro- 
fessor Howe's  achievements  in  metallography,  and  Professor  Albert 
Sauveur  and  Judge  Gary  are  also  expected  to   address  the  meeting. 

The  members  of  this  Society  are  invited  to  be  present,  and  ladies 
also  will  be  welcome. 
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ANNOUNCEMENTS 
The   House  of  the  Society   is  open  from  9  A.  M.  to   10   P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 

Christmas  Day. 

FUTURE  MEETINGS 

May  2d,  1917. — 8.30  P.  M. — A  regular  business  meeting  will  be  held, 
and  a  paper  by  F.  C.  Carstarphen,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled, 
"An  Aerial  Tramway  for  the  Saline  Valley  Salt  Company,  Inyo 
County,  California",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

May  i6th,  1917.— 8.3o  P.  M.— At  this  meeting,  a  paper  by  John  F. 
Partridge,  Jun.  Am.  Soc.  C.  E.,  entitled  "Modern  Practice  in  Wood 
Stave  Pipe  Design  and  Suggestions  for  Standard  Specifications",  will 
be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION 

The  Forty-ninth  Annual  Convention  of  the  Society  will  be  held  in 
the  "Twin  Cities"  of  St.  Paul  and  Minneapolis,  Minn.,  from  June 
12th  to  15th,  1917,  inclusive. 

The  general  arrangements  for  the  Convention  are  in  the  hands  of 
the  following  Committees: 

Committee  of  the  Board  of  Direction 

W.  L.  Darling,  Chairman 
F.  G.  Jonah  Chas.  Warren  Hunt 

Local  Committee 

George  L.  Wilson,  Chairman 

E.  B.  C.  Bement  a.  F.  Meyer 

F.  W.  Cappelen  F.  C.  Shenehon 
Oscar  Claussen  H.  E.  Stevens 
William  de  la  Barre  R.  D.  Thomas 
F.  E.  House  W.  T.  Walker 
W.  H.  HoYT  L.  P.  Wolff 

A  circular  giving  information  as  to  the  general  programme,  trans- 
portation, hotel  rates,  etc.,  will  be  issued  as  soon  as  possible. 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 
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The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Yol.  LXXX  of  Transactions. 

Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  67  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  29  West  39th  Street, 
New  York  City. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 
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All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  m.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

February  20th,  1917.— The  meeting  was  called  to  order  at  the 
Palace  Hotel;  President  Galloway  in  the  chair;  E.  T.  Thurston,  Sec- 
retary; and  present,  also,  78  members  and  guests. 

Messrs.  Khodin,  Bumsted,  and  Binkley  were  appointed  as  the 
Entertainment  Committee  for  the  April  meeting. 

The  Secretary  read  a  communication  from  Secretary  Charles 
Warren  Hunt  announcing  the  approval  by  the  Board  of  Direction  of 
the  amendments  to  Article  IV,  Sections  1  and  2,  of  the  Constitution  of 
the  Association. 

Attention  was  called  to  the  movement  to  expedite  the  completion 
of  the  topographic  map  of  the  United  States,  and  it  was  urged  that 
engineers  make  individual  efforts  with  members  of  the  State  Legis- 
lature to  secure  an  increase  in  the  amount  appropriated  for  this 
purpose. 

A  communication  from  Secretary  Hunt  was  read  announcing  the 
appointment  of  Messrs.  Bontecou,  McDonald,  and  Jonah,  as  a  Com- 
mittee of  the  Society  to  study  the  matter  of  the  relations  of  Local 
Associations    to    the    Society    and    to    other    local    organizations    and 
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clubs,  and  of  the  co-operation  with  such  organizations  in  connection 
with  local  public  affairs. 

The  Secretary  was  instructed  to  write  to  the  Committee  suggesting 
that  it  draw  up  a  tentative  set  of  rules  for  submission  to  the  several 
Local  Associations  as  a  basis  for  discussion. 

Mr.  Edwin  Duryea  spoke  briefly  on  the  Annual  Meeting  of  the 
Society  and  called  attention  to  the  proposed  organization  of  The  Engi- 
neering Council,  under  the  auspices  of  The  United  Engineering 
Society,  for  the  purpose  of  facilitating  co-operation  between  the 
various  engineering  societies  in  discussing  and  acting  on  public 
questions. 

President  Galloway,  for  the  Joint  Committee  on  Military  Affairs, 
reported  that  the  preparation  of  a  course  of  study  had  been  delayed,  but 
that  a  circular  describing  a  course  of  study  and  lectures  was  nearly 
ready  for  distribution. 

For  the  Committee  appointed  to  investigate  and  report  on  the  re- 
moval of  Mr.  Frickstad  from  a  Civil  Service  position  in  Oakland,  Mr. 
A.  H.  Markwart  reported  progress. 

Mr.  J,  Newman,  for  the  Committee  on  Civil  Service,  reported 
progress. 

President  Galloway  called  attention  to  the  neglect  on  the  part  of 
the  Association  relative  to  one  of  its  avowed  objects,  namely,  the  dis- 
cussion of  technical  papers  published  by  the  Society,  and  appointed 
Messrs.  Dewell,  Griffin,  Elliott,  Drake,  Frickstad,  Tibbetts,  Hawley, 
Markwart,  and  Saph,  a  Committee  to  report  at  the  April  meeting  of 
the  Association  on  the  matter  of  forming  sections  for  the  consideration 
of  such  questions. 

Attention  was  called  to  Assembly  Bill  1126,  before  the  State  Leg- 
islature, relative  to  confining  all  building  design  and  supervision  to 
certificated  architects.  After  discussion  by  Messrs.  Couchot,  Brunnier, 
Whitney,  Leonard,  Kriegsman,  Markwart,  Le  Grand  Brown,  Wing, 
Ehodin,  and  Burrage,  on  motion,  duly  seconded,  the  President  was 
instructed  to  appoint  a  committee  of  five  with  power  to  oppose  and 
prevent  the  passage  of  such  bill.  The  following  Committee  was 
appointed  subsequently:  Messrs.  M.  C.  Couchot,  Chairman,  H.  J. 
Brunnier,  J.  B.  Leonard,  W.  L.  Huber,  and  C.  H.  Snyder. 

President  Galloway  read  his  Inaugural  Address  in  which  he 
discussed  the  extension  of  powers  of  government  over  industrial 
enterprises. 

The  address  of  the  evening  was  delivered  by  Mr.  Miner  Chipman, 
of  Boston,  Mass.,  on  "The  Meaning  of  Efficiency." 

Adjourned. 

Colorado  Association,  Organized  1908. 

Thomas  W.  Jaycox,  President;  L.  E,.  Hinman,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.     The  meetings  are  usually  pre- 
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ceded  by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  m.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

February  loth,  191 7. — The  meeting  was  called  to  order  at  the 
Denver  Athletic  Club;  President  Jaycox  in  the  chair;  L.  R.  Hinman, 
Secretary;  and  present,  also,  24  members. 

The  minutes  of  the  meeting  of  January  13th,  1917,  were  read  and 
approved. 

The  resignation  of  Mr.  S.  B.  Lamb  was  accepted  with  regret. 

The  Secretary  announced  the  names  of  Messrs.  Andrew  Weiss  and 
E.  E.  Palmer  as  new  members. 

A  letter  from  Mr.  Charles  Warren  Hunt,  Secretary  of  the  Society, 
relative  to  the  co-operation  of  Local  Associations  with  other  organiza- 
tions and  clubs,  was  read  by  the  Secretary  and,  on  motion,  duly 
seconded,  was  referred  to  the  Committee  on  Co-operation. 

The  Secretary  presented  a  letter  from  Director  H.  S.  Crocker, 
reporting  on  the  work  done  by  the  Colorado  Committee  of  the  Naval 
Consulting  Board.     The  report  was  ordered  placed  on  file. 

The  report  of  the  Committee  appointed  to  consult  with  Governor 
Gunter  relative  to  the  appointment  of  an  Engineer  on  the  State  Pub- 
lic Utilities  Commission  was  presented  and,  on  motion,  duly  seconded, 
the  report  was  accepted  and  the  Committee  discharged. 

Reports  were  presented  by  four  of  the  Technical  Committees,  ap- 
pointed in  January  to  abstract  and  report  on  papers  or  reports  of  the 
Special  Committees  of  the  Society,  as  published  in  December,  1916, 
Proceedings,  as  follows : 

For  the  Technical  Committee  on  Concrete,  Mr.  M.  S.  Ketchum 
presented  an  abstract  of  the  Final  Report  of  the  Special  Committee 
on  Concrete  and  Reinforced  Concrete  (in  the  preparation  of  which  he 
had  been  assisted  by  Mr.  W.  C.  Huntington),  and  Messrs.  Cerny  and 
Jewett,  of  the  Committee,  discussed  mixing,  aggregate,  etc.,  and  the 
new  requirements  for  cement  tests,  respectively.  The  whole  subject 
was  then  discussed  by  Messrs.  Miller,  Crocker,  Kauffman,  and  Reeve. 

For  the  Committee  on  Conservation,  Mr.  W.  B.  Freeman  presented 
an  abstract  of  the  Progress  Report  of  the  Special  Committee  on  A 
National  Water  Law,  and  Chairman  C.  W.  Comstock  reported  on  the 
difficulties  encountered  by  the  original  Committee  in  getting  out  its 
first  report. 

For  the  Structural  Committee,  Mr.  A.  N.  Miller  presented  an 
abstract  of  the  Progress  Report  of  the  Special  Committee  on  Steel 
Columns  and  Struts,  and  the  subject  was  discussed  briefly  by  Mr. 
M.  S.  Ketchum. 

For  the  Committee  on  Concrete,  Mr.  J.  Y.  Jewett  presented  an 
abstract  of  the  paper  "Tests  of  Concrete  Specimens  in  Sea  Water,  at 
the  Boston  Navy  Yard",  by  R.  E.  Bakenhus,  M.  Am.  Soc.  C.  E.  The 
paper  was  discussed  briefly  by  Messrs.  Cerny,  Comstock,  and  Ketchum. 
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Owing  to  tlie  lateness  of  the  hour,  the  presentation  of  the  report 
of  the  Committee  on  Roads  and  Highways,  was  postponed  until  a  later 
meeting. 

Adjourned. 

Atlanta  Association,  Organized  1912. 

Paul  H.  ISTorcross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

H.  D.  Bush,  President;  Charles  J.  Tilden,  Secretarj'-Treasurer, 
The  Johns  -Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  X914. 

W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
Hickox  Building,  Glevela:nd,  Ohio. 

Detroit  Association,  Organized   1916. 

T.  A.  Leisen,  President;  Secretary,  Clarence  W.  Hubbell,  2334 
Dime  Bank  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

A.  P.  Davis,  President;  John  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organizecf  1916. 

C.  F.  Loweth,  President,  4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being -the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January.  April.  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  ISTebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  Jo  time  by  the  Executive  Committee.     The 
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Annual  Meeting  is  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 

It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
welcomed.  The  place  of  meeting  may  be  ascertained  by  communicating 
with  the  Secretary. 

Northwestern  Association,  Organized  1914. 

George  L.  Wilson,  President;  Ealph  D.  Thomas,  Secretary,  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized   1913. 

Samuel  T.  Wagner,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

J.  P.  Newell,  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

J.  A.  Ockerson,  President;  Gurdon  G.  Black,  Secretary-Treasurer, 
34  East  Grand  Avenue,  St,  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  E.  Comly,  Secretary-Treasurer,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

Joseph  Jacobs,  President;  Carl  H.  Beeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

(Abstract  of  Minutes  of  Meeting) 

March  26th,  i9'7- — The  meeting  was  called  to  order  at  the  Arctic 
Club;  President  Jacobs  in  the  chair;  Carl  H.  Reeves,  Secretary;  and 
present,  also,  24  members  and  guests. 

The  minutes  of  the  meeting  of  February  26th,  1917,  were  read  and 
approved. 

Relative  to  the  referendum  ballot  as  to  the  preference  of  the  mem- 
bers in  the  matter  of  the  monthly  meetings,  the  Secretary-Treasurer 
reported  that  a  total  of  91  ballots  had  been  mailed,  and  that  the  returns 
were  as  follows :  In  favor  of  a  noon  meeting  with  luncheon,  30 ;  in 
favor  of  an  evening  meeting,  with  dinner,  17 ;  in  favor  of  a  night  meet- 
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ing,  7;  and  "no  preference",  2.  After  a  short  discussion  in  reference 
to  the  luncheon,  it  was  decided  to  hold  the  next  meeting  at  the 
Frye  Hotel. 

The  resignations  of  Messrs.  H.  M.  Chittenden,  W.  F.  Way,  and 
A.  V.  Bouillon,  as  members  of  the  Association,  were  presented.  Those 
of  Messrs.  Way  and  Bouillon  were  accepted  on  account  of  their  removal 
from  the  city,  and,  on  motion,  duly  seconded,  Mr.  Chittenden  was  made 
an  Honorary  Member  of  the  Association. 

On  motion,  duly  seconded,  the  Secretary-Treasurer  was  instructed 
to  have  printed  and  mailed  to  the  membership  a  year  book  for  1917. 

President  Jacobs  reported  that,  in  accordance  with  instructions, 
lie  had  taken  up  the  matter  of  the  relations  of  Local  Associations  and 
the  Society  with  the  Special  Committee  of  the  Society  on  that  ques- 
tion, and  his  letter  to  Mr.  Daniel  Bontecou,  Chairman  of  that  Com- 
mittee, was  read. 

In  accordance  with  the  action  of  the  Association  at  its  meeting  of 
February  26th,  1917,  the  Committee  on  Relations  with  the  Parent 
Society  was  continued  and  the  following  members  were  appointed : 
Messrs.  A.  H.  Fuller,  Chairman,  E.  B.  Hussey,  P.  A.  Franklin,  A.  S. 
Downey,  and  C.  E.  Fowler. 

Mr.  A.  H.  Fuller,  having  been  appointed  Chairman  of  the  Committee 
on  Relations  with  the  Parent  Society,  was  relieved  from  duty  with  the 
Legislative  Committee,  and  Mr.  L.  M.  Grant  was  appointed  to  succeed 
him  on  the  latter  Committee. 

The  Committee  on  Relations  with  the  Parent  Society,  to  which  was 
submitted  the  matter  of  the  Constitutional  Amendment,  as  suggested 
by  the  St.  Louis  Association,  reported  that  it  agreed  with  the  St. 
Louis  Association  that  District  No.  1  now  had.  a  disproportionately 
large  representation  on  the  Board  of  Direction,  but  that  it  did  not 
concur  with  all  the  details  of  the  changes  proposed  by  the  St.  Louis 
Association.  On  motion,  duly  seconded,  the  report  of  the  Committee 
was  adopted. 

A  report  on  the  National  Engineering  Council,  referred  to  the 
Association  by  Mr.  R.  H.  Thomson,  and  by  the  Association  to  its  Com- 
mittee on  Relations  with  the  Parent  Society,  was  presented,  and,  on 
motion,  duly  seconded,  after  a  general  discussion  of  the  subject,  was 
adopted. 

An  invitation  from  Mr.  Ernest  B.  Hussey,  President  of  The  Engi- 
neers' Club,  for  the  Association  to  meet  with  the  Club  at  its  meeting 
of  March  28th,  1917,  was  accepted  by  President  Jacobs  who  expressed 
the  appreciation  of  the  Association  for  the  courtesy. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

H.  Hawgood,  President;  Wilkie  Woodard,  Secretary,  435  Con- 
solidated Realty  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 
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Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914. 

J.  C.  Ralston,  President;  B.  J.  Glarnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized   1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

E.  C.  La  Rue,  President;  H.  S.  Kleinschmidt,  Secretary-Treasurer, 
306  Dooly  Building,  Salt  Lake  City,  Utah. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Stresses  in  Railroad  Track 

March  20th,  191 7. — The  meeting  was  called  to  order  at  the  Con- 
gress ^Hotel,  Chicago,  m.  Present,  A.  N.  Talbot  (Chairman),  G.  H. 
Bremner,  John  Brunner,  W.  J.  Burton,  C.  D.  Gennett,  Jr.  (represent- 
ing Robert  W.  Hunt),  Paul  M.  LaBach,  C.  G.  E.  Larsson,  Albert 
Reichmann,  and  H.  R.   Safford. 

The  tentative  mathematical  analysis  of  the  action  of  track  under 
load,  which  had  been  sent  out  in  advance  by  the  Committee,  was 
discussed. 

The  methods  to  be  used  in  compiling  a  Progress  Report  were  dis- 
cussed, and  the  Chairman  was  authorized  to  appoint  a  sub-committee 
to  aid  in  the  arrangements  for  such  report.  Plans  for  the  future  work 
of  the  Committee  were  also  discussed. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 
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American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

Architekten=Verein  zu  Berlin,  Wilhehnstrasse  92,  Berlin  W.  66, 
Germany. 

Associasao  dos   Engenheiros  Civis   Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  W^ashing- 
ton  Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 
S.  W.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 
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Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 

and  St.  Ann  Streets,  New  Orleans,  La. 
Memphis  Engineers'  Club,  Memphis,  Tenn. 
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Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 
Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
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(From  March  7th  to  April  3d,  1917) 
DONATIONS* 
GOVERNMENT   PARTNERSHIP   IN    RAILROADS. 

By  Mark  Wyxnond.  Cloth,  8  x  5*  in.,  178  +  3  pp.  Chicago, 
Wymond  &  Clark,  1917.     (Donated  by  the  Author.) 

The  purpose  of  this  book,  it  is  stated,  is  constructive  suggestion  in  relation  to  the 
administration  of  the  railroads.  The  author,  therefore,  begins  by  examining  present 
conditions,  in  order,  it  is  said,  to  determine  what  evils  and  defects  exist  in  the  present 
form  of  railroad  regulation  by  Government  and  also  in  the  administration  of  rail- 
roads by  their  officials,  and  thereby  to  suggest  and  devise  new  measures  to  improve 
the  present  unsatisfactory  conditions.  The  Contents  are  :  Our  Transportation  Prob- 
lem ;  The  Sins  of  Regulation  ;  Sins  of  the  Railroads  ;  A  Constructive  Railroad  Policy  ; 
Government  Ownership  of  Railroads. 

THE  TRACKMAN'S  HELPER: 

A  Hand  Book  for  Track  Foremen,  Supervisors  and  Engineers. 
Eevised  and  Enlarged  by  Richard  T.  Dana,  M.  Am.  Soc.  C.  E.,  and 
A.  F.  Trimble,  After  the  Original  by  J.  Kindelan  as  Eevised  by  F.  A. 
Smith,  F.  R.  Coates,  and  Jerry  Svdlivan.  1917  Edition.  Cloth, 
6|  X  4i  in.,  illus.,  410  pp.     New  York,  Clark  Book  Co.,  1917.     $2.00. 

The  preface  states  that  the  object  of  this  book  is  to  help  the  trackman,  by  giving 
him,  in  the  most  convenient  form,  the  practical  results  of  observation  and  study  of 
track  work  on  the  railroads  of  the  United  States  for  the  last  twenty  years,  together 
with  the  notes  on  the  subject  that  were  published  in  1894  by  the  late  Mr.  J.  Kindelan. 
The  subject-matter,  it  is  stated,  has  been  re-written  and  greatly  enlarged,  and  many 
new  illustrations  have  been  added  in  order  to  bring  the  volume  up  to  date.  The 
book,  it  is  said,  covers  the  principal  field  of  a  trackman's  work  and  keeps  strictly 
within  it ;  it  avoids  elaborate  theories,  its  language  is  readily  understood,  and  it  is 
small  enough  to  be  carried  in  the  pocket.  The  Contents  are  :  Construction  ;  Spiking 
and  Gaging  ;  General  Spring  Work  ;  Drainage  ;  Summer  Track  Work  ;  Cutting  Weeds  ; 
Ballasting ;  Renewal  of  Rails  ;  Effects  of  the  Wave  Motion  of  Rail  on  Track  Rail 
Movements ;  General  Fall  Track  Work ;  Building  Fences ;  General  Winter  Work  ; 
Bucking  Snow ;  Laying  Out  Curves ;  Elevation  of  Curves ;  Lining  Curves  ;  Special 
Conditions  on  Mountain  Roads  ;  Frogs  and  Switches  ;  Use  and  Care  of  Track  Tools  ; 
Tie  Plates  ;   Wrecking  ;   General   Instructions  ;   Practical   Hints  for  Trackmen  ;    Index. 

WHARVES   AND    PIERS: 

Their  Design,  Construction,  and  Equipment.  By  Carleton  Greene, 
M.  Am.  Soc.  C.  E.  Cloth,  9-i  x  6^  in.,  illus.,  14  +  248  pp.  New  York, 
McGraw-Hill  Book  Company,  Inc.;  London,  Hill  Publishing  Co.,  Ltd., 
1917.    $3.00. 

In  this  book,  the  author,  it  is  stated,  has  endeavored  to  present  a  treatise  on 
modern  American  practice  in  the  design  and  construction  of  wharves,  piers,  pier 
sheds,  and  their  equipment,  including  machinery  for  handling  miscellaneous  freight. 
Owing  to  the  modern  tendency  to  slight  the  advantages  of  timber  construction  for 
wharves,  the  author,  it  is  said,  has  given  particular  attention  to  the  principles  and 
methods  requisite  for  durability  in  wharf  construction.  In  his  descriptions  of  exist- 
ing structures  included  in  the  text,  the  author,  it  is  stated,  has  emphasized  the 
particular  conditions  which  had  to  be  provided  for  in  the  design,  the  methods  used 
in  fulfilling  the  special  requirements,  and,  to  some  extent,  the  reasons  why  particular 
types  and  details  were  adopted.  The  Contents  are  :  Introduction  ;  Primary  Principles 
of  Design  ;  Details  of  Timber  Construction  ;  Retaining  Walls  for  Piers  and  Marginal 
Wharves  ;  Piers  ;  Wharf  and  Pier  Sheds  ;  Equipment  of  Wharves  and  Piers  ;  Cargo 
Handling  Machinery  ;  Appendix  :  Cost  of  Walls,  Piers,  Sheds,  etc. ;  Index. 

♦Unless  otherwise  specified,   books  in   this  list  have  been   donated  by  the  publishers. 
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STRESSES  IN  STRUCTURAL  STEEL  ANGLES 

With  Special  Tables.  By  L.  A.  Waterbury,  M.  Am.  Soc.  C.  E. 
Cloth,  8^  X  5i  in.,  illus.,  5  -f  77  pp.  New  York,  John  Wiley  &  Sons, 
Inc. ;  London,  Chapman  &  Hall,  Limited,  1917.     $1.25. 

This  volume,  the  preface  states,  has  been  prepared  with  the  hope  that  it  will 
serve  to  indicate  the  nature  of  important  factors  affecting  the  stresses  in  steel  angles, 
which  are  not  commonly  considered  in  analyses  made  tor  the  purposes  of  design,  and 
also  that  it  may  furnish  the  means  for  their  consideration  in  practice.  The  author 
states  that  the  values  of  the  products  of  inertia  involved  in  the  computation  of  bend- 
ing stresses  are  not  ordinarily  included  in  structural  handbooks,  and,  therefore, 
values  of  that  element  for  commercial  angles  of  2  by  2  in.,  and  larger,  are  given  in 
Tables  I  and  II  of  this  book.  The  section  modulus  polygon  is  explained  and  values 
for  commercial  angles  of  2  by  2  in.,  and  larger  co-ordinates  for  the  vertices  of  the 
polygons,  are  given  in  Table  III.  End  connections  and  their  efficiency  are  also  dis- 
cussed, and,  in  Tables  IV  and  V,  are  given  values  of  efficiency,  equivalent  effective 
area,  and  total  tension  allowable  for  a  maximum  unit  stress  of  16  000  lb.  per  sq.  in., 
computed  in  accordance  with  methods  outlined  in  the  text.  The  Contents  are :  Rela- 
tion Between  Bending  Moment  and  Flexural  Stress  ;  Expressions  for  the  Section 
Modulus  ;  Product  of  Inertia  ;  Section  Modulus  Polygons  ;  Neutral  Axis  ;  Plane  of  Load- 
ing ;  Combined  Stresses  ;  Flexure  for  Angles  in  Pairs  ;  Transfer  of  Stress  by  Shear 
to  an  Outstanding  Leg  ;  Efficiency  of  End  Connections  ;  Tables. 

ELECTRIC   AND  MAGNETIC   MEASUREMENTS. 

By  Charles  Marquis  Smith.  Cloth,  8  x  5i  in.,  illus.,  12  -|-  373  pp. 
New  York,  The  Macmillan  Company,  1917.    $2.40. 

This  book,  it  is  stated,  has  been  used  and  is  intended  as  a  textbook  for  students 
who  have  had  one  year  of  general  physics  and  some  knowledge  of  the  calculus.  The 
subject-matter,  it  is  said,  is  a  development  of  a  course  of  lectures  and  laboratory 
notes  on  electric  and  magnetic  measurements,  and  standard  textbooks  and  treatises 
on  that  subject  have  also  been  used  for  additional  material.  The  methods  of 
measurement  described  are  said  to  be  the  standard  ones,  with  only  such  variations 
as  have  been  found  of  value  in  practice,  and  the  laboratory  exercises  included  in  the 
text  do  not  necessitate,  it  is  stated,  any  particular  type  of  apparatus  except  those 
which  are  well  known  and  available.  Part  III  of  the  Appendix  contains  a  list  of 
standard  reference  books  on  the  subject.  The  Chapter  Headings  are  :  Introduction  ; 
Galvanometers  ;  Resistance  and  Its  Measurement ;  Electromotive  Force  and  Potential 
Difference ;  Electric  Current ;  Capacity  and  the  Condenser ;  Electromagnetic  Induc- 
tion ;  Electrical  Quantity  and  the  Ballistic  Galvanometer ;  The  Measurement  of 
Capacity ;  The  Measurement  of  Self  and  Mutual  Inductance ;  Magnetism  and  the 
Magnetic  Circuit;  The  Earth's  Magnetism;  Magnetic  Testing;  Appendix:  Part  I, 
Absolute  Measurements;  Part  II,  Tables;  Part  III,  Standard  Reference  Books; 
Index. 

REINFORCED  CONCRETE   DESIGN  TABLES  : 

_A  Handbook  for  Engineers  and  Architects  for  Use  in  Designing 
Eeinforced  Concrete  Structures.  By  M.  Edgar  Thomas  and  Charles 
E.  Nichols.  Morocco,  7  x  4i  in.,  illus.,  8  -f  208  pp.  New  York, 
McGraw-Hill  Book  Company,  Lie;  London,  Hill  Publishing  Co.,  Ltd., 
1917.    $3.00. 

This  set  of  tables,  it  is  said,  cover  a  wide  range  of  stresses  and  include  those 
used  by  a  majority  of  designers.  No  attempt  has  been  made,  it  is  stated,  to  influence 
or  to  restrict  the  designer's  ideas,  and,  therefore,  the  tables  can  be  applied  to  the 
design  of  any  reinforced  concrete  structure  and  can  also  be  used  as  a  quick  and 
independent  check  on  any  other  set  of  curves  or  tables  used  by  the  designer.  As 
they  can  be  readily  found  elsewhere,  tables  for  various  conditions  of  loadings,  spans, 
etc.,  as  well  as  tables  of  logarithms,  squares,  and  cubes  of  numbers,  have  been 
omitted  in  this  volume.  The  tables  herein  presented  were  started,  it  is  stated,  by 
the  authors  ten  years  ago  and  have  been  added  to  from  time  to  time  as  their  work 
required  more  varied  unit  stresses.  They  have  the  added  value  to  the  designer, 
therefore,  of  having  been  tried  out  in  actual  practice  and  of  being  the  results  of 
some  years  of  development.  The  Contents  are  :  Notation  and  Formula?  ;  Explanation 
of  Tables  ;  Tables  of  CoeSicients  for  Slabs  and  Simple  Beams  ;  Logarithmic  Curves  ; 
Table  of  Bending  Moments  and  Shear  for  Continuous  Beams ;  Weights,  Areas  and 
Spacing,  of   Bars ;    Weights   of   Concrete   Members    in    Pounds ;    Tables   of    Slabs    and 
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Simple  Beams  ;  Tables  of  Tee  Beams  ;  Tables  of  Beams  with  Compression  Reinforce- 
ment ;  Square  Columns  ;  Hooped  Columns  ;  Hooped  Column  Reinforcement ;  Vertical 
Columji  Reinforcement;  Spacing  and  Percentages  of  Column  Hooping;  Tables  of 
Weights,  Areas  and  Spacing  of  Bars. 

THE  SUBMARINE  TORPEDO  BOAT  : 

Its  Characteristics  ajid  Modern  Development.  By  Alien  Hoar, 
Jun.  Am.  Soc.  C.  E.  Cloth,  8  x  5^  in.,  illus.,  9  +  211  pp.  New  York, 
D.  Van  Nostrand  Company,  1916.     (Donated  by  the  Author.) 

The  preface  states  that  it  has  been  the  author's  purpose,  in  writing  this  volume, 
to  place  before  the  public  a  book  which  will  be  of  interest  to  the  general  reader 
and  of  value  to  the  technical  man  and  naval  engineer  who  has  not  specialized  in  this 
line.  To  that  end,  he  has  discussed,  it  is  said,  in  non-technical  language,  the 
inherent  characteristics  of  the  submarine  boat,  the  problems  involved  in  its  design 
and  construction,  the  difficulties  of  operation,  its  present  limitations,  and  its  future 
possibilities.  The  Contents  are:  Early  History  and  Development;  Development  of 
the  Present-Day  Submarine ;  Characteristics  and  Requirements ;  Types  of  Sub- 
marines ;  Design  of  the  Submarine  Torpedo  Boat ;  The  Power  Plant ;  Future  Develop- 
ment ;  Means  of  Defense  Against  Submarine  Attack ;  Tactical  Evolutions  of  the 
Submarine ;  The  Torpedo  ;  Tenders  and  Salvage  Ships  ;  List  of  Accidents  ;  Submarine 
Mines  ;  Appendix  I,  List  of  Submarines  in  the  Principal  Navies  ;   Index. 
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Universidad  Nacional  de  la  Plata.     1  pam. 

Vermont-Public  Service  Comm.  1  bound 
vol. 

Western  Au.stralia-Water  Supply,  Sewer- 
age, and  Drainage  Dept.     1  pam. 

Williams,  Gardner  S.      1  bound  vol. 

Winchester,  Mass. -Town  Clerk.     1  vol. 

Winn  Eng.  Co.     1  pam. 

Wyoming-State  Board  of  Health.     1  pam. 

Yale  Univ.     1  vol. 
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(From  March  9th  to  April  5th,  1917) 

ADDITIONS 

MEMBERS  Date  Of 

Membership. 

Bowie,  William.     Chf.  of  Div.  of  Geodesy,  U.  S.  Coast  and 

Geodetic  Survey,  Washington,  D.  C Mar.    13,  1917 

Burpee,     George     William.     With     Westing-  ^  Jun.  Sept.     3,  1907 

house,  Church,  Kerr  &  Co.,  37  Wall  St.,    I  Assoc.  M.     Sept.      5,  1911 
New  York   City )  M.  Mar.    13,  1917 

Chase,  Gut  Herbert.  Commr.,  Dept.  of  Streets  and  Eng. ; 
Member,  Municipal  Development  Comm.,  470  Main 
St.,  Fitchburg,  Mass Mar.    13,  1917 

Conant,    Elbridge    Robbins.     Chf.    Engr.    and    Purchasing 

Officer,  City  of  Savannah,  City  Hall,  Savannah,  Ga..      Mar.    13,   1917 

Flagler,  Clement  Alexander  Finley.  Lt.-Col.,  Corps  of 
Engrs.,  U.  S.  A.,  in  Chg.,  Washington  Engr.  Dist.,  305 
Southern  Bldg.,  Washington,  D.  C Mar.    13,   1917 

Harris,  Borden  Baker.     Associated  with  F.  A.    )  Assoc.  M.     April     3,   1907 
Molitor,  35  Nassau  St.,  New  York  City.  .    [  M.  Mar.    13,  1917 

Hartridge,  Alfred  Lamar.  Constr.  Engr.  and  Asst.  to 
Asst.  Const.  Mgr.,  Stone  &  Webster  Eng.  Corpora- 
tion,  147  Milk  St.,  Boston,  Mass Mar.    13,  1917 

Hendricks,  Ernest  Demarest.     Bes.  Engr.,  Residency  No. 

3,  New  York  State  Barge  Canal.  Fort  Plain,  N.  Y.  . .     Mar.    13,  1917 

HoLBY,  Frank  Avil.     222  Lexington  Ave.,  Dayton,  Ohio..      Mar.    13,  1917 

Hutchinson,  Frank.     Chf.  Engr.,  Pittsburgh  Steel  Ore  Co., 

Riverton,    Minn Mar.    13,   1917 

Jackson,  Stuart  Wilson.     Asst.  Engr.,  State  "v    ,  -.^       ^      -i     a    i^-,-, 

'  . ?    '.. .       I  Assoc.  M.     April     4,   1911 

Highway  Dept.,  904  Hartje  Bldg.,  Pitts-    C  ^^^  ^^^     ^^^  ^^^^ 

burgh.    Pa ) 

Keyser,  Charles  Paul.  Engr.,  Parks  and  Boulevards, 
City  of  Portland,  1147  East  Yamhill  St.,  Portland, 
Ore Mar.    13,   1917 

LoEWENSTEiN,   Jacob.     With  Am.   Bridge   Co.,    ]    .  ,,      _  ,         „    ,^^_ 

30  Church  St.    (Res.,  2  West  94th  St.),    l^^'''-  ^'^     ^^     ^^  [l'^] 
New   York   City ) 

Miller,  Richard  Levi.     Contr.  Engr.    (Miller  &  Borcher- 

ding) ,  3806  Arsenal  St.,  St.  Louis,  Mo Mar    13,  1917 

Mobberly,  Henry  Peyton.     Cons.  Engr..  1121   ^   Assoc.  M.     April     3.   1907 
East  Elm   St.,   Springfield,   Mo j   M.  Mar.    13.  1917 

MouLTON,    Herbert    George.     Cons.    Engr.,    14    Wall    St., 

New    York    City Mar.    13,  1917 

NOYES,  Arthur  Page.  55  Buena  Vista  Terrace,  San  Fran- 
cisco, Cal Sept.    12,  1916 
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MEMBERS    {Continued)  Date  of 

Membership. 
Phelps,    Howard    Eastwood.     Asst.    Prof,    of   )    .           ,,      ^            „    ,„,„ 
„.        „           TT  •          r    r.  1       J         /-,           I  Assoc.  M.     Jan.       7,  1913 
Civ.    Eng.,    Umv.    of    Colorado;     Cons,    l  ,_  ^  ,„    „ 

TT  no-  o       *  T>T     T>     i;>        r.  1  I  ^-  Jan-     16,  1917 

Engr.,  92o  Grant  PL,  Boulder,  Colo.  .  .  .     ) 

Powell,  Charles  Underhill.  Engr.  in  Chg.,  Queens  Topo- 
graphical Bureau,  Broadway  and  Sanford  Ave., 
Flushing,   N.   Y Mar.    13,   1917 

RoAKE,  Stephen  Allen.     Chf.  Draftsman,  Cel-   1    .  ,^      ^  „    ,„,, 

luloid    Co.,    1    Winsor    PI.,    Bloomfield,    [  f/^^^"  ^-     ^^^^      «'     ^H 
^^     ^  '    r  M.  Mar.    13,  1917 

N.    J J 

Sabgent,    Arthur    Winthrop.     U.     S.    Asst.    |  Assoc.  M.  Sept.  6,  1905 

Engr.,  P.  0.  Box  1809,  Seattle,  Wash.,    j  M.  Mar.  13,   1917 

Thomson,  William  Stewart.     Chf.  Engr.,  Corrugated  Bar 

Co.,  509  Mutual  Life  Bldg.,  Buffalo,  N.  Y Mar.  13,  1917 

Vaughan,   John   Faiefield.     Cons.   Engr.,   185   Devonshire 

St.,   Boston.   Mass Mar.  13,  1917 

associate  members 

Allen,  Ralph  Benjamin.     Asst.  to  William  Russell  Davis, 

311  Arkay  Bldg.,  Albany,  N.  Y Mar.    13,  1917 

Atkinson,    Arthur    Garratt.     Care,    California    Highway 

Comm.,  Willits,   Cal Mar.    13,   1917 

Banks,  Charles  Wilbur.     24  Queensbury  St.,    |  Jun.  Feb.       5,  1907 

Boston,   Mass j  Assoc.  M.     Mar.    13,   1917 

Bennett,  Manche  Owen.  Asst.  Engr.,  Oregon  State  High- 
way Comm.,  Pendleton,  Ore Mar.    13,  1917 

Blanchard,  Rollo  Kimball.  Mech.  Engr.  and  Asst.  to 
Pres.,  Neptune  Meter  Co.,  50  East  42d  St.,  New 
York    City Mar.    13,  1917 

Blech,   Edm^ard   Sorrel.     Civ.    Engr.,    Soledad   Sugar    Co., 

Cienfuegos,  Cuba Mar.    13,  1917 

Bubnette,  George  Harley.     Asst.  Engr.,  Monongahela  Ry., 

Box  697,  Brownsville,  Pa Mar.    13,   1917 

Buxton,    Edwin    Walker.     4108    Virginia    Ave.,    Kansas 

City,  Mo Mar.    13,  1917 

Carrington,  Henry.  Chf.  Engr.,  Freeport  &  Mexican  Fuel 
Oil  Corporation,  3^  Calle  de  las  Damas  68  A.  Tam- 
pico,  Tamaulipas,  Mexico Mar.    13,   1917 

Carson,  William  Franklin.     Designing  Engr.,  P.  M.  Sax, 

327  West  Logan  St.,  Philadelphia,  Pa Mar.    13,   1917 

Chambers,  Cloyde  Cleaver.  Asst.  Engr.,  The  Miami  Con- 
servancy Dist.,  Dayton,  Ohio Mar.    13,   1917 

Coleman,   Eugene   Hunter.      (J.   F.   Coleman   \ 

Eng.    Co.),    921    Hibernia    Bldg.,    New    v.     '      ,,      ,,'  '„,„ 

^  ,            _'                                       ^'  r  Assoc.  M.     Mar.    13,   1917 

Orleans,   La ) 
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CooPEK.    Clarence    Winston.     Contr.    Ene;r.,   |  Jun.  Mar.  4,  1914 

Box  368,  Anniston,  Ala f  Assoc.  M.  Mar.  13,  1917 

CoRKRAN,  Wilbur  Sherman.     Engr.  with  Portland  Cement 

•     Assoc,   507   Washington  St.,   Wilmington,   Del Mar.  13,   1917 

Cbane,  Albert  Eli.     Supt.  of  Constr.,  The  Whitney   Co., 

757   Broad  St.,  Augusta,   Ga Mar.  13,  1917 

DE  Lara,  Frank  Belasco.     Care,  Standard  Oil  Co.  of  New 

York,    Batavia,    Java Oct.  10.  1916 

DODDS,     David     Metheny.     Squad     Foreman,    \    ^  ..^  ,     ir.iri 

'  ^.  r^  .  ,       -A  -r,  ^      -.r^        \      JUU.  NOV.  1,      1910 

Kansas   City  Terminal   Ry.    (Res.,   3912    y    .  ^^      ^.^         t,    im-r 

^  „     .        /     ,     T-             ;,..  \r  (    Assoc.  M.     Mar.    13.  1917 

Belleview  Ave.),  Kansas  City,  Mo ) 

Edwards,  Gut  Banker.  Res.  Engr.,  Cleveland  &  Youngs- 
town   R.  R.,   2329   Broadway,   Cleveland,   Ohio Mar.    13,   1917 

Fassett,  Eable  Walker.     U.  S.  Junior  Engr.,  723  Central 

BIdg.,  Los  Angeles,  Cal Mar.    13,  1917 

Golden,  William  Anthony.  Asst.  Engr.,  Rap.  Trans.  Sub- 
way Constr.  Co.,  1241  Tinton  Ave.,  New  York  City.  .      Mar.    13,  1917 

Hauser,  Kenneth  Douglass.  Multnomah  Hotel,  Port- 
land,  Ore Mar.    13,   1917 

Hawes,     George     Raymond.     1212     Standard  )  Jun.  May     28,  1912 

Bank  Bldg.,  Vancouver,  B.   C,  Canada,    j   Assoc.  M.     Mar.    13,  1917 

Hellyer,  Henry  Amyatt  Chaundy.  Borough  Engr.,  Ber- 
genfield;  Engr.  and  Mgr.,  Tenafly  Lumber  Co., 
Tenafly,  N.  J Mar.    13,  1917 

Irwin,    Boyle.     Structural    Engr.,    Cramp    &   |   Jun.  Aug.     31,   1915 

Co.,  Box  950,  Narberth,  Pa j"  Assoc.  M.     Mar.    13,  1917 

Kerr,  Raymond  Earl.  Gen.  Mgr.  and  Chf.  Engr.  for 
Receiver,  Morgantown  &  Wheeling  Ry.,  Morgan- 
town,   W.  Va Mar.    13.  1917 

Ketcham,  Valentine  Odell.  Engr.  in  Chg.  of  Constr., 
Deep  Water  Point  Plant  of  E.  I.  du  Pont  de  Nemours, 
1018  Trenton  PL,  Wilmington,  Del Mar.    31,  1917 

Kinne,   Charles   Comfort.     340   Leader   Bldg.,   Cleveland, 

Ohio Jan.     15,  1917 

Kitchen,  Ernest.     St.  James  Hotel,  Anderson,  S.  C Mar.    13,  1917 

Lewis,  Chester  Brooks.     Sunt..  Albert  Kahn,  \    ^  -»t  ,    ,„^-, 

'         ,         ,^          ^,  .    ^    ^.,                     '       Jun.  Nov.  5,  1907 

Constr.     Office,     Univ.     Library,     Ann  Va           t.^  ^^  -.^    -.^-.^ 

.,,,.,                                    -^  r  Assoc,  M.  Mar.  13,  1917 

Arbor,    Mich ^ 

Little,  Walter  Colton,  Jr.  Res.  Engr.,  California  High- 
way Comm.,  San  Luis  Obispo,  Cal Mar.    13,  1917 

Lord,    Arthur    Russell.     Cons.    Testing    and    Structural 

Engr.,  332  South  Michigan  Ave.,  Chicago,  111 Mar.    13,   1917 

Luedke,  Arthur  Louis.     Engr.-Econonlist,  U.  S.  Office  of 

Public  Roads,.  1312  L  St.,  N.  W.,  Washington,  D.  C.  .     Mar.    13,  1917 

Luzzatto,  Joseph  Giovanni.     46  West  83d  St.,  New  York 

City Mar.    13,   1917 
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Lynch,  John  Francis.     Contr.  Engr.    (Palmer  &  Lynch), 

P.  0.  Box  4,  West  Haven,  Conn Nov.    28,   1916 

McCoNNELL,  Edward  Herbert.     530  Fourteenth  Ave.,  S.  W., 

Roanoke,  Va Mar.    13,   1917 

McWhorter,    Roger    Barton.     With    Miami    Conservancy 

Dist.,  Miami   Conservancy  Bldg.,  Dayton,   Ohio Mar.    13,  1917 

McWiLLiAMS,       Samuel       Alexander.     Asst.  ")   ^  ^ 

T^  TT    o    Ti     1         J.-        o       •        ^Tj^  I  Jui"-  Oct.        3,  1911 

Engr.,   U.   S.   Reclamation   Service.  Mit-  v   ,  ,,  ,, 

,    „   '     ,  r  Assoc.  M.  Mar.    13,  1917 

chell,  Nebr \ 

Maddox,  Luther  Robinson.  Junior  Engr.,  Div.  of  Valua- 
tion, Interstate  Commerce  Comm.,  Chattanooga,  Tenn.     Mar.    13,  1917 

Maul,  Theodore  Russell.  Supt.  of  Constr.,  U.  S.  Public 
Bldgs.,  U.  S.  Treasury  Dept.,  413  Post  Office  Bldg., 
Philadelphia,    Pa Mar.    13,  1917 

Metcalfe,  Alfred  Harold.     Chf.  Engr.,   A.   Friederich  & 

Sons  Co.,  304  Frank  St.,  Rochester,  N.  Y Mar.    13,  1917 

Meter,    Charles    Louis.     Pres.   and    Gen.    Mgr.,    Concrete 

Eng.  Co.,  612  Omaha  National  Bank  Bldg.,   Omaha, 

Nebr Mar.    13,  1917 

Monk,     Percy     Shelley.     Structural     Engr.,   ")  ^  ^  „„,„,, 

T  .      X  .      ^  ^  T^•  ir  Jun-  June  30,   1911 

Interstate    Commerce    Comm.,    Div.    of    v   .  ,,  ,,  ,„    , 

„  ,      ,.         ™     , ,  „  (  Assoc.  M.  Mar.  13,  1917 

Valuation,  Chattanooga,  Tenn j 

Moriarty,   Clarence.     (Taylor   &  Moriarty),   600   United 

Bank  Bldg.,  Sioux   City,  Iowa Mar.    13,  1917 

Ponzer,  Karl  Lewis.      (Parkes  Eng.  Co.),  203   )  Jun.  Dec.       3,  1912 

Citizens  Bank  Bldg.,  Pine  Bluff,  Ark...    \  Assoc.  M.     Oct.      10,  1916 

Randell,  Ralph  Reginald.     Dist.  Engr.,  U.  S.    )  Jun.  Oct.        1,  1912 

Forest  Service,  Albuquerque,  N.  Mex.  .    j  Assoc.  M.     Mar.    13,  1917 

Riexinger,  Henry  Edward.     Chf.  Engr.,  International  Ry., 

204  Richmond  Ave.,   Buffalo,   N.  Y Mar.    13,  1917 

Sexton,  John  Roderick.     Div.  Engr.,  Erie  R.  R.,  Supt.'s 

Office,    INIeadville,    Pa Mar.    13,  1917 

Shearer,  David  McDougald.  Junior  Engr.  under  Missis- 
sippi River  Comm.  and  U.  S.  War  Dept.,  P.  0.  Box 
404,  Vicksburg,  Miss Oct.      10,  1916 

Smith,     Victor     Charles.     County     Surv.,     Montgomery 

County   (Res.,  51  Oxford  Ave.),  Dayton,  Ohio Mar.    13,  1917 

Steinhauser,     Harry     Herman.     Engr.     and   )  ^  ^  ,         .    ,„,„ 

Asst.    Supt.,   Dock    Contractor    Co.,    559    v.  ,,      ,^         ,„,„,» 

East  26th  St.,  Brooklyn,  N.  Y J 

Stevenson,     Ervin     Beecher.     Deputy     City  i  Jun.  Jan.     31,  1911 

Engr.,   City   Hall,   Albany,   N.   Y J  Assoc.  M.     Oct.      10,   1916 

Taylor,  Arthur.     With  J.  C.  Allison,  209  Anderson  Bldg., 

Calexico,    Cal Mar.    13,  1917 
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Taylor,    George    Blaney.     Designinar    En<?r.,  ")  ,.  ,,  „    ,„,„ 

Berlin    Constr.    Co.,    Berlin       Res.,    96    l   *  ,t      ,^         ,„    , 

TT       •  o.     XT        -D  •..  •    ^     r.  (  Assoc.  M.     Mar.    13,   1917 

Harrison   St.,   New   Britain),   Conn....    ) 

Thomas,  Charles  Cofran  Hubbard.  Superintending 
Engr.,  Associated  Pipe  Line  Co.,  1012  Lassen  St., 
Berkeley,    Cal Jan.     15,  1917 

Thomas,      Charles      Randolph.     600      Perry    i  Jun.  April     1,  1914 

Ave.,   Greenville,   S.   C j  Assoc.  M.     Mar.    13,  1917 

Tucker,  James  Irwin.  Prof.,  Civ.  Eng. ;  Director  of 
School,  Univ.  of  Oklahoma;  Cons.  State  Engr.,  Okla- 
homa Dept.   of   Highways,  Norman,   Okla Nov.    28,  1916 

Weller,  John  Henry.     Asst.  Mgr.,  The  New  Trinidad  Lake 

Asphalt   Co.,   Brighton,   Trinidad Jan.     15,  1917 

Wendell,    Edward   Willoughby.     With   New   York    State 

Highway  Comm.,  Catherine  St.,  Hudson  Falls,  N.  Y.      Mar.    13,  1917 

juniors 

Arellano    y    Gonzalez    de    Mendoza,    Adolfo    Ramirez. 

Gen.   Contr.,  Cuba  50,   Havana,   Cuba Mar.    13,  1917 

Griswold,    Hector    Clinton.     Care,    The    Texas    Oil    Co., 

Marcus   Hook,   Pa Mar.    13,  1917 

PiCKUS,  Joseph.      (Pickus  Eng.  &  Constr.  Co.),  Sioux  City, 

Iowa Jan.     15,  1917 

Reynolds,  Ralph  Whitney.  2248  Telegraph  Ave.,  Berke- 
ley,  Cal Nov.     28,  1916 

Ross,  Blair  Arthur.     Care,  U.  S.  Engr.  Office,  Memphis, 

Tenn Mar.    13,   1917 

Ruhling,  George  Hutze.     915  East  7th  St.,  Flint,  Mich..     Mar.    13,  1917 


CHANGES  OP  ADDRESS 

MEMBERS 


Aus,  GuNVALD.     Cons.  Engr.,  Volden,  Asker  pr.,  Christiania,  Norway. 
Babb,  Cyrus  Cates.     Cons.  Hydr.  Engr.,  Rhodhiss,  N.  C. 
Berle,  Kort.     Cons.  Engr.,  244  Madison  Ave.,  New  York  City. 
Blanchard,    Arthur    Clarence    Douglas.     Care,    The    Hydro-Elec.    Power 

Comm.  of  Ontario,  251  Main  St.,  Niagara  Falls,  Ont.,  Canada. 
Brodie,  Orrin  Lawrence.     Asst.  Engr.,  Office  of  Cons.  Engr.,  Pres.,  Borough 

of  Manhattan,  Room  2143,  Municipal  Bldg.,  New  York  City. 
Bryant,  Byron  Harkness.     1301  Twenty-first  St.,  N.  W.,  Washington,  D.  C. 
Cresson,  Benjamin  Franklin,  Jr.     Cons.  Engr.,  New  Jersey  State  Board 

of  Commerce  and  Navigation,  75  Montgomery  St.,  Jersey  City,  N.  J. 
Dent,  Elliott  Johnstone.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Couch  Bldg., 

Portland,  Ore. 
Evans,  Louis  Hyde.     Cons.  Engr.,  Mast  Hope,  Pa. 
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Ferguson,  John  Neil.  Care,  Comm.  on  Waterways  and  Public  Lands, 
State  House,  Boston,  Mass. 

Fitch,  Squire  Earnest.  Res.  Engr.,  New  York  State  Dept.  of  Highways, 
Hornell,  N.  Y. 

Fries,  Amos  Alfred.  Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Yellowstone 
Park,  Wyo. 

Fuller,  William  Barnard.     Cons.  Engr.,  Pierreville,  Que.,  Canada. 

Harper,  Edgar  Ambler.     839  Lathrop  Bldg.,  Kansas  City,  Mo. 

Harrison,  Christopher.     Town  Engr.,  Montclair,  N.  J. 

Hedke,  Charles  Richard.  Supt.  of  Irrig.,  Costilla  Estates  Development 
Co.,  Joliet,  Mont. 

HoLTZMAN,  Stephen  Ford.  244  Madison  Ave.,  New  York  City  (Res.,  Hast- 
ings-upon-Hudson,  N.  Y. ) . 

HoRTON,  Theodore.  Chf.  Engr.,  State  Dept.  of  Health,  206  Lancaster  St., 
Albany,  N.  Y. 

Howell,  George  Pierce.  Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  Bankers  Trust 
Bldg.,  Little  Rock,  Ark. 

James,  William  Atlee.  Div.  Engr.  of  Constr.,  C.  P.  Ry.,  6a  Pasadena 
Court,  Winnipeg,  Man.,  Canada. 

Johannesson,  Sigvald.  Asst.  Engr.,  I.  R.  T.  Co.,  188  Bellevue  Ave.,  Upper 
Montclair,  N.  J. 

Kastl,  Alexander  Howard.     Cons.  Engr.,  Chillicothe.  111. 

Lathrop,  Jay  Cowden.  Contr.  Engr.,  2503  Union  Central  Bldg.,  Cincin- 
nati, Ohio. 

McFetridge,  William  Sutton.  Valuation  Engr.,  B.  &  L.  E.  R.  R.  (Res., 
10  North  Main  St.),  Greenville,  Pa. 

McKim,  Alexander  Rice.  New  York  State  Insp.  of  Docks  and  Dams,  110 
Washington  Ave.,  Albany,  N.  Y. 

McReynolds,  Orval  Omar.  Cons.  Engr.;  Field  Supt.,  United  States  Petro- 
leum Co.,  P.  0.  Box  206,  Rawlins,  Wyo. 

MiNNiss,  George  Stewart.      291  Porter  Ave.,  Buffalo,  N.  Y. 

Newman,  Jerome.     Cons.  Engr.,  260  California  St.,  San  Francisco,  Cal. 

Pearl,  James  Warren.     6000  South  Sawyer  Ave.,  Chicago,  111. 

Pease,  Floyd  Odell.     Raymondville,  Tex. 

Reynolds,  Abraham  Moreau.  Engr.  and  Supt.,  Essex  County  Park  Comm., 
115  Clifton  Ave.,  Newark   (Res.,  Glen  Ridge),  N.  J. 

RowELL,  George  Freeman.  Res.  Engr.,  Day  &  Zimmermann,  913  State  St., 
Erie,  Pa. 

Schlecht,  Walter  Williaji.  Care,  U.  S.  Reclamation  Service,  Yuma, 
Ariz. 

Sherron,  George  Austin.  Engr.,  Portland  Cement  Assoc,  1016  South  Ox- 
ford Ave.,  Los  Angeles,  Cal. 

Shmeleff,  Theodor  .Semenovitch.     Novorossiisk,  Caucasus,  Russia. 

Steece,  Emmet  Abner.     Supt.  of  Constr..  Federal  BIdgs.,  Nashville,  Tenn. 
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Sttjrtevaxt.  Carlton  WiLLiAsr.  Gen.  Supt.,  James  Stewart  &  Co.,  Inc., 
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the    Yarnall-Waring    Company).      Joseph    Caccavajo.      (2)      Mar. 
Roll  and  Pass  Layout  for  Rolling  Specials.*      W.  S.  Standiford.      (108)      Mar. 
The  File  and  the  Rasp.*      (108)      Mar. 

The   Downfiow   Type  of   Steam    Boiler.*      John   Clinton    Parker.      (55)      Mar. 
Heat  Treatment  of  Wrcught-Iron   Chain  Cable.*      W.   W.  Webster  and   E.   L.   Patch. 

(55)      Mar. 
Mill  Designs  for  Rolling  Flatflanged  Beams.*      F.   Denk.      (116)      Mar. 
Fuel   Costs   in   Public   Utilities.      W.   S.   Barstow.      (83)      Mar.   1. 
New  Vertical   Retort  House   Results   at   Brockton.*      (83)      Mar.   1. 
Vertical   Retort  Operation   Results.*      W.    G.   Von   Gemmingen.      (83)      Mar.   1. 
The   Elementary   Laws   of   Thermodynamics   for    Fuel    Oil    Practice.*      Robert    Sibley. 

(Ill)      Mar.    1. 
Finding    the    Economical    Suction    Lift    of    a    Centrifugal    Pump.*      Otto    Haentiens. 

(13)  Mar.    1. 

Manufacturing   Methods   Used   in   Toolroom.*      (20)      Mar.    1. 

Arc   Welding  for   the   Central   Station.*      R.   W.    Goddard.      ^Paper   read   before   New 

Mexico    Electrical    Assoc.)       (Ill)      Mar.    1. 
Producer  Gas.      H.  E.  Copp.      (Abstract  of  paper  read  before   Stoke-on-Trent  Engrs. 

and   Eng.    Students'   Assoc.)       (47)      Mar.    2. 
Workshop    Design    and    Equipment.*      Edmund    Simpson.      (Paper    read    before   Man- 
chester Assoc,   of  Engrs.)       (12)      Mar.   2. 
Boiler  Feed  Water   (Its  Use  in  Coke  Making).*      W.   Diamond.      (Paper  read  before 

Coke  Oven  Managers'  Assoc.)       (57)      Mar.  2. 
Tests  of  Coolers  for  Lubricating  Oil.*      M.  Boella.       {'Frova  Revista  Marittima.)      (11) 

Mar.  2. 
Health     Conservation     at     Steel     Works.      J.     A.     Watkins.      (From     United     States 

Bureau    of   Mines,    Technical   Paper   No.    102.)       (22)      Mar.    2. 
Guards    for   Wood-Working    Machinery.*      (11)      Mar.    2. 
Liquid  Fuel   and   Its   Combustion.      J.   S.   S.    Brame.      (Paper   read  before   Institution 

of   Petroleum   Technologists.)       (57)      Mar.    2. 
Reloaders   Used  in   Place  of  Expensive  Wharf  Bunkers  :   Construction   and   Operation 

Features   of   Panama    Canal   Coaling   Plants.*      (From   Panama   Canal   Record  ) 

(14)  Mar.    3. 

Provision  for  Gas  Lighting  Provides  Good  Stepping  Stone  to  Secure  Heating  Busi- 
ness.     J.    E.    BuUard.      (24)      Mar.    3. 

Influencing  Suburban  Communities  to  Adopt  Gas  for  Street  Lighting  by  Dwelling 
I'pon  Its  Convenience  for  Domestic  Purposes.*      (24)      Mar.   3. 

Sardinian  Lignites  in  Gas  Manufacture.  Albert  Pacchioni.  (From  BoUettino  della 
Associazione    Italiana    delle   Industrie    Gas    e    Acqua.)       (66)      Mar.    6. 

*  Illustrated. 
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Mechanical—  (Continued) . 

Description    of    a    Tar    Dehydrating    and    Debenzolizing    Plant.*      A.    E.     Mottram. 
(Paper    read    before    Manchester    District     Institution     of    Gas    Engrs.)       (66) 

Mar.   6. 
Water    in   the   Ammonia   Charge.*      E.   W.   Miller.      (64)      Mar.    6. 
Gas-Works    in    War    Time :    A    Review    of   the    Berlin    Works    of    the    Imperial    Con- 
tinental Gas  Association.     E.  Korting.      (Abstract  Translation  from  Journal  fur 

Gasbelcuchtiing.)       (66)      Serial    beginning    Mar.    6. 
Dry   Rot   in   Derrick   Boom   Causes   Fatal   Accident.*      Henry   Blood.      (13)      Mar.    8. 
The   Maintenance   of   Factory    Equipment.      (Discussions   on    Machinery    Upkeep    and 

Mutual    Benefit   Societies   before   Taylor    Soc.)       (20)      Mar.    8. 
Peat  and   Its  Utilization.      R.   O.  Wynne-Roberts.      (96)      Mar.   8. 
Large     Lumber     Cableway     Controlled     by     Waterwheels.*      J.     W.     Swaren.      [13) 

Mar.    8. 
The   Properties   of   Bronzes   for   Mechanical    Purposes.     H.    S.    Gulick.      (Abstract   of 

paper   read  before   St.   Louis   Foundrymen's   Club.)       (47)      Mar.   9. 
Boiler-House     Operation     and     Maintenance.*      T.     G.     Otiey     and     Verney     Pickles. 

(Abstract    of    paper    read    before    South    African    Institution    of    Engrs.)       (47) 

Serial   beginning   Mar.   9. 
The   Properties    of    Semi-Steel    Castings.      David    McLain.      (Abstract   of    paper    read 

before   Am.    Foundrymen's   Assoc.)       (47)      Mar.    9.  ^ 

Tests    of    Gasoline    for    Motor    Car    Engines.      W.    F.    Rittman.      (From    report    to 

U.    S.    Bureau   of   Mines.)      (47)      Mar.    9. 
Control   of  Aluminium   Scrap   and   Swarf   in   the  United   Kingdom.      (12)      Mar.   9. 
Equivalent  Cost  of  Coal  and  Oil  as  Fuel.*      R.  L.  Wales.      (64)      Mar.  13. 
Technology's      Laboratories      and      Power      Plant.*      Charles      H.      Bromley.      (64) 

Mar.   13. 
The     Rectification     of    Benzol.     W.     Newton     Drew.      (Paper    read     before     Midland 

Institute  of  Mining,  Civil  and   Mechanical   Engrs.)       (66)      Mar.   13. 
Oil-Washing  Plants   After   the  War.      (66)      Mar.    13, 
Residence     Gas     Lighting    Maintenance     at     Passaic*      H.     H.     Newman.      (Address 

before   Illuminating  Eng.    Sec.)       (83)      Mar.    15. 
Investigating  Effects  of  Quality  of  Gas  on   Mantle  Lighting.      (Extract   from   report 

by  U.  S.   Bureau  of  Standards  to  City  of  Chicago.)       (83)      Mar.   15. 
Computing    Profits,    Rates    and    Fair    Returns     (Of    Gas).     A.    S.    B.    Little.      (83) 

Mar.    15. 
Notes    on    Ball    Milling   with    Special    Reference   to    the    Marcy    Mill.     F.    E.    Marcy. 

(105)      Mar.  15. 
Water    and    Steam    in    Fuel    Oil    Practice.*      Robert    Sibley.      (HI)      Mar.    15. 
An    Improvement    in    Ventilating    Apparatus.*      William    J.    Baldwin.      (Paper    read 

before  Am.  Soc.  of  Heating  and  Ventilating  Engrs.)       (101)      Mar.  16. 
Workshop   Precision   Grinding.*      H.   H.   Ashbridge.      (Paper   read   before   Manchester 

A.'-soc.   of   Engrs.)       (47)      Serial   beginning  Mar.   16. 
Rapid  Transit  in  the  Factory — The  Contribution  of  the  Conveying  Belt  to  Twentieth 

Century    Industrial    Efficiency.*      (46)      Mar.    17. 
The  Process  of  Spinning  Threads  of  Steel    (For  Wire  Making).      Ernest  Elva   Weir. 

(46)      Mar.    17. 
Draft  in  Steam  Boiler  Practice.*      J.  D.   Morgan.      (64)      Mar.   20. 
Safe  Practices   for    Boiler   Rooms..     (From    report   of   Committee   to    National    Safety 

Council.)       (64)      Mar.    20. 
Operating  Costs  of  Motor  Truck  in   Delivering  Sand  and  Gravel.      (86)      Mar.   21. 
Using  Light  Motor  Trucks  for  Construction  Work.*      (13)      Mar.   22. 
The  Autoplane — A  Limousine   for  Land   and  Air  Travel  *      (46)      Mar    24 
Hand   Stoking  Soft  Coal   Boilers.*      (45)      Mar.    24. 
insulation  of  Boiler  Settings.*      Joseph  Harrington.      (64)      Mar.  27. 
Economics   of   Diesel-Engine   Installation.      (64)      Mar.    27. 
Steels    Suited    to    Aeronautical    Purposes.*      G.    A.    Richardson.      (Abstract    of    paper 

read  before  Aeronautical   Soc.  of  America.)       (20)      Mar.   29. 
Brass    Manufacture   in    a    Modern    Plant  :    Expansion   of   the    Industry   as    Illustrated 
by    the    Stamford    Rolling    Mills    Company.*      W.    E.    Freeland.      (20)      Serial 
beginning  Mar.   29. 
Boiler  Efficiency:   Transfer  of  Heat  to  the  Plates.      (From  London  Times  Engineer- 
ing Supplement.)      (19)      Mar.   31. 
Les  Aeroplanes  allemands   Biplans  de  Types   Recents.*      {33)      Mar.    3. 

Metallurg^lcal. 

Iron   and    Steel   Syndicates   in   Russia.      (22)      Serial   beginning   Feb.   23. 

Manganese  Significance   in   Steel   Metallurgy.      F.   H.   Willcox.      (116)      Mar. 

Potash  as  One  Blast  Furnace  By-Product.      R.   J.   Wysor.      (116)      Serial   beginning 

Mar. 
Types   of   Different   Blast  Furnace   Slags.*      Wallace  G.    Imhoff.      (116)      Mar. 
Electro-Plating     to     Eliminate     Rust.      Oliver     P.     Watts     and     Paul     L.     Deverter. 

(Abstract   of  paper   read  before  Am.   Electrochemical   Soc.)       (47)      Mar.   2. 

•  Illustrated. 


April,  1917.]  CURRENT  ENGINEERING  LITERATURE  289 

Metallurgical— (Continued). 

Bethlehem    Steel    Company's    Electric   Furnace.*      (22)      Mar.    2. 

Western  American  Metallurgy.*      (103)      Mar.  3. 

Giving   Metals   a   Rust-Prooflng  Treatment.*      (20)      Mar.    8. 

Current  Density   in   Copper  Refining.      Lawrence  Addicks.      (105)      Mar.   15. 

The    Fixation    of    Nitrogen    as    Cyanide.      John    E.     Bucher.      (Paper    read    before 

Chemistry   Department  of  College   of  City  of  New   York.)       (105)      Mar.   15. 
Heat   Treatment  of  Low  and   High  Carbon    Steel   by   Gas.      W.   A.   Ehlers.      (Extract 

from   Article    in    National    Commercial    Gas    Assoc.    Bulletin.)       (83)    Mar.    15; 

(9)    Serial   beginning   Mar. 
High-Speed    Steel   Alloys   and   Other   Rare   Metals :   Where   the  United   States   Stands 

in  the  Production  of  these  Important  Elements.      L.  W.  Thavis.'     (46)      Mar.  17. 
The  History  of  Flotation.     T.  A.   Rickard.      (103)      Serial   beginning  Mar.   17. 
The  Supply  of  Basic  Bessemer  Ore.      H.   H.  Campbell.      (20)      Mar.   22. 
Suggestions    for    Selecting      and      Testing      Drill      Steel.      Frank    H.     Kaiser.      (13) 

Mar.    22. 
Electrical    Precipitation    in    Metallurgical    Plants.*      R.    W.    Kerns.      (Abstract    from 

Electric   Journal.)       (103)      Mar.    24. 
Metallurgical   Methods   at   Treadwell.*      S.   B.    Combest.      (103)      Mar.    24. 
Allowing   Blast-Furnace    Shaft   to    Expand    (Pulaski    Iron    Co.).*      (20)      Mar.    29. 
Martelage,  Forgeage  et  Laminage.*      Georges  Charpy.      (33)      Feb.  17. 
Les   Alliages   Ferro-Magnetiques   Utilises    en   Electrotechnique.*      J.    Vichniak.      (33) 

Serial    beginning   Feb.    24. 

Military. 

Foreign     Militias ;     A     Chronological     Essay     on     Swiss     Artillery.     George     Nestler 

Tircoche.      (44)      Mar. 
Consolidation    of    Trenches,    Localities    and    Craters    After    Assault    and    Capture.* 

(100)      Mar. 
A   Method   for   the   Prompt   Equipping   of   Reserves,    Simplifying   the   Accounting   for 

Property  and  for  Reducing  Army  Paper  Work.      W.  J.  Browne.      (44)      Mar. 
Our  Aerial   Coast   Defenses.*      (46)      Mar.   3. 
Heavy   Mobile  Artillery  :    Its  Value   as  an  Asset   for  Defense  in  the  United   States.* 

C.    E.   Kilbourne.      (46)      Mar.   3. 
Our    Industrial    Mobilization ;    Progress    of    the    Work    of    the    Council    for    National 

Defense    and    the    Advisory    Commission.      (46)      Mar.    3. 
Preparing    American    Industries    for    War.      Robert    Thurston    Kent.      (20)      Serial 

beginning    Mar.    S. 
Soldiers    Construct    Mess    Halls    at    Fort    Sam    Houston,    Texas.*      Charles    S.    Duke. 

(14)      Mar.    10. 
The    Application    of    Nitro    Aromatics    in    Explosive    Industry.      John    R.    Mardick. 

(105)      Mar.    15. 
Military  Training  for  Engineers  :  A  New  Course  of  Study  for  Engineers  to  Prepare 

for   the    Officers'    Reserve    Corps    (San    Francisco,    Cal.).     J.    D.    Galloway    and 

Allen    G.    Jones.      (Ill)      Mar.    15. 

Mining. 

The    Permeability   of   Coal    to   Air   or    Gas,    and    the    Solubilities    of    Different    Gases 

in   Coal.      J.    Ivan   Graham.      (106)      Vol.   52. 
The  Form  and  Structure  of  the  Coal  Fields  of  Scotland.*      David  Ferguson.      (106) 

Vol.   52. 
The  "Wheddon"   Overwind   and  Over-Speed  Preventer.*      (22)      Feb.   9. 
Resuscitation    From   Mine   Gases.*      Frederick   P.   Mills.      (Paper    read   before    North 

of  England   Branch  of  National  Assoc,  of  Colliery   Managers.)       (22)      Feb.   9. 
Ferro-Concrete  Props  at  Arley  Colliery.*      (22)      Feb.   9. 
Explosibility     of    Methane-Air     Mixtures.      G.     A.     Burrell     and     I.     W.     Robertson. 

(From  U.   S.  Bureau  of  Mines,   Technical  Paper  121.)       (57)      Feb.   16. 
Endless-Rope    Haulage    at    the    Works    of    the    Oakbank    Oil    Company,    Ltd.*      (22) 

Feb.    16. 
Bare- Wire    Signalling    Systems     (Discussion    by    the     National    Assoc,    of    Colliery 

Managers,    North    Staffordshire   Branch.)       (22)      Feb.    16. 
The    Chalmers-Black    Signalling    Indicator    (For    Use    in    Mine-Signalling).*      J.    B. 

Thomson.      (Abstract    of    paper     read    before     Mining     Institute    of    Scotland.) 

(22)      Feb.    16. 
Further    Notes    on    Safety    Lamps.      Simon    Tate.      (Abstract    of    paper    read    before 

North    of    England    Institute    of    Mining    and    Mechanical    Engrs.)       (22)      Feb 

16;     (57)    Feb.    16. 
Cost  of  Bast  Hole   Drilling  with  Churn   Drilling.      (From  Bulletin   of  U    S     Bureau 

of  Mines.)       (86)      Feb.   21. 
Cost  of  Loading  Ore  with  Steam  Shovels.      (From  U.  S.   Bureau  of  Mines  Bulletin  ) 

(86)      Feb.    21. 
Handling   Mine  Waters    (Use   of  Mine   Pumps).      L.   B.    Smith.      (Paper   read    before 

Coal    Mining   Institute  of  America.)       (57)'     Feb.    23. 

*  Illustrated. 
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Mining— (Continued). 

Explosion    at    Capitol    Mine,    Springfield,    111.*      (45)      Feb.    24. 

Pennsylvania  Commission  Repoits  on  the  Increased  Cost  of  Coal.  (From  Report 
of   Pennsylvania   Anthracite   Coal    Commission.)       (45)      Feb.    24. 

Underground   Haulage   Costs.*      (45)      Feb.    24. 

The   Cementation   of   Slay   Hall   Colliery   Shafts.*      P.   Sidebottom.      (57)      Mar.    2. 

A  Chilean   Pocket  Gold   Mine.*      E.   David   Pope.      (16)      Mar.   3. 

Lubrication   of   Rock   Drills.*      Charles   C.    Phelps.      (16)      Mar.   3. 

Depreciation  and  Measurement  of  Expired  Outlay  on  Plant  (Mining).  (16) 
Serial  beginning  Mar.   3. 

Long  Wall  at  a  North  of  England  Mine  (Coal  Mine  Operation).*  T.  Goldon.  (45) 
Mar.    3. 

The  Alternating  Current  Mining  Machine.*      C.  E.  Butt.      (45)      Mar.  3. 

The   Pendulum   Hanger  for  Shaker   Screens.*      John  A.   Garcia.      (45)      Mar.   3. 

Sampling  Delivered  Coal.  G.  S.  Pope.  (From  U.  S.  Bureau  of  Mines.  Bulletin 
116.)       (45)      Serial  beginning  Mar.  9. 

Electrical  Signalling  in  Mines.*  (Discussion  before  Assoc,  of  Mining  Electrical 
Engrs.   and   National  Assoc,   of  Colliery  Managers.)       (22)      Mar.   9. 

Germany's  Coal   Deposits.      (11)      Mar.   9. 

The  Cementation  Process  in  Mining.  Thomas  Blanford.  (Paper  read  before  Mid- 
land   Institute   of   Mining   Engrs.)       (22)      Mar.    9. 

The  Scottish   Shale  Oil  Industry.      (12)      Mar.  9. 

The  Mining  Industry   of   Brazil.*      F.   Lynwood   Garrison.      (lOJ)      Mar.   10. 

Tube   Mill   Practice   in   Rhodesia.*      A.   W.   Allen.      (16)      Mar.   17. 

A  Kentucky  Washery  (The  St.  Bernard  Mining  Co.).*  Newell  G.  Alford.  (45) 
Mar.    17. 

Blasting  Rules   at   Santa   Rita  Mines   of  the   Chino  Copper  Co.      (86)      Mar.   21. 

Safety   Work   in    Ontario    Mines.      James   Bartlett.      (45)      Mar.   24. 

The  Coal  Situation  in  France.  (Abstract  of  report  by  Am.  Industrial  Commission.) 
(45)      Mar.   24. 

The  Sterling  Coal  Mine  (Its  Operation).*  Wilbur  Greeley  Burroughs.  (45) 
Mar.   31. 

Reducing  Ventilation  at  Firing  Time  (In  Mines).*  William  E.  Holland.  (Paper 
read  before  Mine  Inspectors'  Institute  of  the  United  States.)       (45)      Mar.  31. 

Surveying  Methods  in  the  Anthracite  Regions.*      (45)      Mar.  31. 

Analysis  of  Anthracite  Trade  in  Recent  Months.*  E.  W.  Parker.  (Abstract  of 
paper  read  before  New  England  Coal  Dealers'  Assoc.)  (45)  Serial  begin- 
ning  Mar.   31. 

Miscellaneous. 

The  Engineering  School  and  the  Engineer.      F.  E.  Turneaure.      (4)      Jan. 

The  Principles  of  Industrial  Administration.      George  Edson  Toogood.      (22)      Serial 

beginning  Feb.  9. 
The  Extraction  of  Sugar  Cane  Mills.     P.  H.  Parr.      (12)      Feb.  16. 
Clearing   and    Grubbing    Methods.*      C.    D.    Livingston.      (Extracts    from    paper    read 

before  Road  School  of  University  of  Wisconsin.)       (86)      Feb.  21. 
Cost  Accounting  for  the  Contractor  and  Its  Relation  to  His  Organization.      Leslie  H. 

Allen.      (Paper  read  before  Am.   Concrete  Institute.)       (86)      Feb.  21. 
The  Training  of  Educated  Women   for  Secretarial  and  Commercial  Work,   and  Their 

Permanent  Employment.      Mrs.   Constance  Hoster.      (29)      Feb.   23. 
Some   Experiences  with  Profit  Sharing.     Dwight  T.   Farnham.      (9)      Mar. 
Initiation   of  Explosions.      Walter  Arthur.      (Paper  read  before  Am.   Chemical    Soc.) 

(2)      Mar. 
The  Fundamental   Principles  of  Good  Lighting.*      P.  G.   Nutting.      (4)      Mar. 
Chemical  Research  in  Philadelphia.*      Edgar  Fahs  Smith.      (2)      Mar. 
The  Selling  Organization  of   Factories.     G.   H.   Tweddell.      (From   paper   read   before 

North-East  Coast  Institution  of  Engineers  and  Shipbuilders.)       (20)      Mar.   1. 
Survey   Computations  with   a   Monroe   Calculating   Machine.*      (13)      Mar.    1. 
The  War  and  Our  Supply  of  Drugs.      F.  A.  Hocking.      (29)      Mar.  2. 
Trenching  by  Machinery.*      Frank  C.  Perkins.      (19)      Mar.   3. 
The   Training   and   Work   of   the    Chemical    Engineer.      George   Beilby.      (Paper    read 

before  the  Faraday  Soc.)       (11)   Mar.  9;    (12)   Mar.  9. 
Low  Grade  Dynamite  and  the  Labor  Shortage.      (14)      Mar.  10. 
Syllabus  of  Co-operative  System  at  University   of  Cincinnati.      C.  W.  Park.      (From 

Bulletin  of  U.  S.  Bureau  of  Education.)       (14)      Mar.  10. 
How   Waste   Paper    is   Used    in    Paper    Mills.      (From    Report    of    Committee   to    Am. 

Chemical  Soc.)       (19)      Mar.  10. 
The  Analysis  of  Nickel  Chromium  Alloys.     Emil  D.  Koepping.      (105)      Mar.  15. 
The   Thiogen    Process    for    Removing   Sulphur    Fumes.      S.    W.    Young.      (Paper    read 

before   Am.    Institute   of    Chemical    Engrs.)       (105)      Mar.    15. 
The  Work  of  the  Advisory  Council  for  Scientific  and  Industrial  Research  in  Canada. 

Frank    D.    Adams.      (Paper    read    before    Canadian     Mining     Institute.)       (96) 

Mar.  15. 

*  Illustrated. 
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Miscellaneous—!  Continued  i. 

Various  Uses  for  Adding  Machines  in  Engineering  Offices.*      Edwin  S.  Fuller.      (13) 

Mar.   15. 
Salt   Manufacture   by   Solar   Evaporation   of  Sea   Water.*      Leroy   A.    Palmer.      (105) 

Mar.   15. 
United    States    Reclamation    Service   Specifications    for   Dragline    Excavators.      (From 

Report    to    U.    S.    Reclamation    Service.)       (86)      Mar.    21. 
Method  of  Breaking  up   Frozen  Covering  on   Stripping  Jobs.*      Arthur   E.   Anderson. 

(86)  Mar.  21. 

Some  Problems  of  an  Engineer  in  Public  Service.  Charles  J.  Bennett.  (Paper  read 
before  Connecticut  Soc.   of  Civil   Engrs.)       (86)      Mar.   21. 

World  Wide  Changes  of  Temperature.  Charles  F.  Brooks.  (From  Geographical 
Review.)      (19)      Mar.  31. 

Weighing  Apparatus  in  Industrial  Plants  :  Suggestions  for  the  Selection  and  Mainte- 
nance.     Fritz  Reichmann.      (19)      Mar.  31. 

L'Exploitation   Industrielle  des   Plantes   Marines.      (33)      Feb.    17. 

b'Organisation  des  Entreprises  Industrielles.      (33)      Feb.  24. 

Municipal. 

The   Engineer   and   City    Planning.*      Harland    Bartholomew.      (115)      Feb. 
Municipal   Engineering  Work  at   Stowmarket    (England).      G.   W.    Lingwood.      (114) 

Feb. 
Monumental    Memorials   and   Town    Planning.      S.   D.    Adshead.      (Paper   read    before 

Town    Planning   Institute.)       (104)      Feb.    16. 
Rotary  Traffic  Regulation  at  Street  Intersections.*      William  P.  Eno.      (60)      Mar. 
Some  Original  City  Planning.*      (13)      Mar.   1. 

Railroads. 

Ventilation    of   the   Connaught   Tunnel.      J.    G.    Sullivan.      (36)      Feb. 

Machine  Tools   in   Railway  and  Locomotive   Shops:   Tyre  Treatment.*    (23)    Feb.   16. 

Tramway    Locomotives    for    Metre-Gauge    Lines.*      (23)      Feb.    16. 

Train    Control   on   the   Great   Indian    Peninsula    Railway.*      (23)      Feb.    16. 

Cost    of    Constructing    Beckwith     Pass    Tunnel     of    Western     Pacific     Railway.     H. 

Devereux.      (From    Western    Engineering.)       (86)      Feb.    21. 
Cost  of  Repairs  to  Locomotives   and   Cars.      (From  Bulletin  of   the  U.   S.   Bureau  of 

Mines.)       (86)      Feb.  21. 
Oldham-Road     Goods     Station,     Manchester;     Lancashire     and     Yorkshire     Railway. 

(11)      Feb.    23. 
The    "Railification"    of    the    Front :    How    the     Importance    of    Railway    Transport 

Increases    with    Every    Month    of   the   War.      (23)      Feb.    23. 
The   Michigan   Central   Yard   at   Detroit.*      (23)      Feb.   23. 
Mexicans   as  Track   Laborers :   The   Characteristics   of   the    Peon    and   the   Conditions 

Under  Which  He  is  Hired  and  Employed  on  Railroads.*  (87)  Mar. 
Southern  Duplex  Locomotives  (Southern  Pacific  Railway).*  (25)  Mar. 
Fuel     Economy     and     Proper     Drafting    of    Locomotives.*      D.     R.     MacBain.      (25) 

Mar. 
Conditions   in   the  Labor  Market :   A   Survey  of  the  Country   Indicates   there  will   be 

a   Severe   Shortage  of  Men   for  Maintenance  Work  This   Season.      (87)      Mar. 
The    Design   of    Railroad    Crossings :    Principles    Governing   the    Construction    of   this 

Detail    of   Track    Work    in    Open    Hearth    and    Manganese    Steel.*      H.    F.    Heyl. 

(87)  Mar. 

Power   Signalling  Installation   at  Flemington  :    New    South   Wales    Government    Rail- 
ways.*      (87)      Mar. 
Notes  on   Direct   Current  Track  Relays.*      (From   report   to    Railway   Signal   Assoc.) 

(21)      Mar. 
A  Study  of  Boiler  Feed  Water    (On   Railroad).*      George  L.   Fowler.      (25)      Mar. 
The  Drainage  of   Railway   Roadbeds.*      W.  F.   Rench.      (87)      Mar. 
Service  Tests  of  Steel   Springs.*      George  T.   Glover.      (25)      Mar. 
Housing    and    Caring    for    the    Laborer    (Pennsylvania    Railroad).*      S.    H.    Rogers. 

(87)      Mar. 
The  Hot   Box — Its   Cause   and   Cure.      J.   F.   Leake.      (25)      Mar. 
Protecting   Long    Snow    Sheds    from   Fire :    System    Adopted    by    Southern    Pacific    in 

the  Sierra  Nevada  Mountains.      (87)   Mar.;    (15)   Mar.  23. 
Pennsylvania   Railroad   Refrigerator  Cars.*      (25)      Mar. 
Applying  Locomotive   Boiler   Tubes.      R.    B.   Van   Wormer.      (Abstract  of  paper   read 

before  Southern   and   Southwestern   Railway   Club.)       (25)      Mar. 
Freight  Car  Repair  Problems.*      Lewis   K.   Sillcox.      (Abstract  of  paper  read  before 

Car  Foremen's  Assoc,   of  Chicago.)       (25)      Mar. 
57-Ft.    Bogie   Corridor   3rd   Class   and   Tri-Composite   Carriages   and   Dining   Saloons, 

Great  Southern   and   Western   Railway  of   Ireland.*      (21)      Mar. 
Olive   Oil  :    Its   Preparation.   Oleic  Acid   Content,    and  Corrosive   Properties    (For  Use 

on    Railroads).*      James    Scott.       (21)      Mar. 
Variations   in  Track   Spike   Design.*      (87)      Mar. 

*  Illustrated. 
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Railroads— (Continued). 

Making    Steam     Pipes    by     Oxwelding     Methods     (For     Locomotive     Superheaters).* 

W.   H.   Hauser.      (25)      Mar. 
Fuel   Economy  on   the   Chicago  Great  Western.*      (23)      Mar.   2. 
Machine    Tools    in    Railway    and    Locomotive   Works.      (23)      Mar.    2. 
Subsidence  Investigations  Amply  Pay  Big  Four  Railway.      250  000   Yards  of  Hidden 

Material   Discovered  by   Te.st   Pits   and   Drilling   at   Total    Cost  of   $305.      F.    J. 

Wright.      (14)      Mar.    3. 
Train    Line    Maintenance     (The    Air    Brake    Hose).*      A.    McCowan.      (Abstract    of 

paper    read    before   Car   Foremen's    Assoc.)       (18)      Mar.    3. 
Freight    Car    Equipment     of    the     Missouri,     Kansas     &     Texas     Railway.*      J.     W. 

Kendrick.      (Abstract  of  Report  to   Speyer  &   Co.,   N.   Y.)       (18)      Mar.   3. 
The  "A.   B.  C."   System  of  Transit  Refrigeration.*      (18)      Mar.  3. 
The    Locomotive    Fire    Box    and    Combustion    Chamber.*      J.    T.    Anthony.      (Paper 

read    before   Southern    and    Southwestern    Railway    Club.)       (18)    Mar.    3;     (86) 

Feb.    21. 
Passenger   Train    Resistance.*      Edward    C.    Schmidt   and    Harold    H.    Dunn.      (From 

report    to     University      of      Illinois      Engineering    Experiment    Station.)       (18) 

Mar.   3. 
Bucking  the  Big  Drifts  in  Wyoming  (Union  Pacific  R.   R.).*      J.  Cecil  Alter.      (13) 

Mar.    8. 
Vacuum  Brake  Improvements   (For  Railways).*      (12)      Mar.  9. 
Automatic    Signalling.*      Charles    H.     Ellison.      (Paper    read    before    Institution    of 

Railway  Signal  Engrs.)       (23)      Serial  beginning  Mar.  9. 
Drop-Forging    at    Crewe    Locomotive    Works,    London    and    Northwestern    Railway.* 

(23)      Serial  beginning  Mar.  9. 
Mount   Union  Collision    (Pennsylvania  Railroad).*      (15)      Mar.  9. 
The    Railway    Collisions    at    Wigan    and    Kirtlebridge     (London    and    North-Western 

Railway.)       (12)      Mar.   9. 
Installation    of    Conduits    in    Retaining    Walls     (Chicago,    Rock    Island    and    Pacific 

R.    R.).*      (IS)      Mar.    9. 
30-Ton   Electric  Traverser;    Moor  Street   Station,   Great  Western   Railway,    Birming- 
ham,  England.      (11)      Mar.   9. 
Concreting    a     Railroad  :     Monolithic     Construction     Being     Freely     Substituted     for 

Wood  and   Iron.*      R.  P.  Crawford.      (46)      Mar.  10. 
Maintenance    of    Air    Brakes    on    Freight    Car    Equipment.     H.    S.    Walton.      (Paper 

read    before    New   England    Railroad    Club.)       (18)      Mar.    10;     (25)      Mar. 
Eighty-five  Ton   Hopper  Gondola  Car  for  the   Pennsylvania   Railroad.*      (18)      Mar. 

10;    (15)    Mar.    9. 
Passenger   Car   Painting   and   Varnishing.*      Thomas   Marshall.      (Paper   read   before 

Canadian   Railway   Club.)       (18)      Mar.   10. 
A  Plate  Fulcrum   Track  Scale,   Pennsylvania   Railroad.*      J.   H.   A.   Bousfleld.      (18) 

Mar.    10;    (15)    Mar.    9. 
Experiments   with   Concrete   Ties   at    Riverside,    California.*      J.    H.    G.    Wolf.      (13) 

Mar.    15. 
Trees    Planted    by    New    Machine    Replace    Railway    Snow    Fences.*      Hugh    Smith. 

(13)      Mar.    15. 
Virginian  Railway  Has  World's  Greatest  Steam  Locomotive.*      (13)      Mar.  15. 
Raii-Chairs  and  Tie-Plates  on  the  Northern   Pacific  Railway.*      (13)      Mar.   15. 
The  Engineer  in  Railroad  Service:  Seven  Discussions  of  the  Scarcity  of  Technically 

Trained    Men.*      R.    N.    Begien,    Wm.    G.    Raymond,    W.    K.    Hatt,    G.    A.    Morse, 

H.   E.   Riggs,   C.   Frank  Allen,   J.  L.  Coss,  and  others.      (15)      Mar.   16. 
New  Haven  Shops  for  Electrical  Equipment.*      (15)      Mar.  16. 
Oiling  Rails  and  Track  Fastenings  to   Prevent  Corrosion.*      (18)      Mar.   17. 
Double-Track    Construction    on    the    Southern    Railway.*      (18)      Mar.    17. 
Illinois    Commission    Protests    Tentative    Valuation    of    Elgin,     Joliet    and    Eastern 

Railway.      (From   report   of   Interstate   Commerce   Commission.)     (86)    Mar.    21. 
Railway  Grade  Changes  in  Two  Cities    (Jamestown,   N.  D.,   and  Aurora,   111.,  on  the 

Northern   Pacific   Railway.)*      (13)      Mar.    22. 
Pennsylvania      Atlantic      Type      Locomotive      Tests.*      Andrew      C.      Loudon.      (15) 

Mar.   23. 
An   Elaborate   Study  of   Transverse   Fissures    (In   Rails).      (15)      Mar.   23. 
New  Curtis   Bay  Coal   Pier  of  the  Baltimore  &  Ohio   Railroad  at  Baltimore.*      (18) 

Mar.    24  ;     (14)^  Mar.    17. 
Our   Railway   and   Public   Utilities   Regulators.     Francis   W.   Lane.      (15)      Mar.    30. 
New   Union    Passenger   Facilities    at    Macon,    Georgia.*      (15)      Mar.    30. 
De  I'Evolution   de   I'ldee  de   Concession   en  Matiere  de  Voie   Ferree.     Denizet.      (43) 

Sept.,   1916. 
Realisation    fileetrique    des    Enclenchements    de   Verrous    de   Gare ;    Procede    Propose 

par   J.   Forestier.*      R.   Coupan.      (33)      Mar.   3. 
Wettbewerb     fiir    Fassaden-Entwurfe    zum     Bahnhof-     und     Post-Neubau     in     Biel.* 

(107)      Serial    beginning  Feb.    3. 
Ueber    die    Sicherung    des    Zugverkehrs    durch    elektrische    Blockapparate    auf    der 

Strecke  Olten-Tecknau   der  neuen  Hauensteinlinie.*      P.  Frei.      (107)      Feb.   24 
Die  Verwendung  von  Flusseisenblech  fiir  Lokomotiv-Feuerbiichsen.      (107)      Mar.   3. 

*  Illustrated. 
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Railroads.  Street. 

Layout    and    Equipment    of    Storage    Yard    for    Handling    Large    Quantities    of    Way 

Materials.*      Charles  H.   Clark.       (17)      Feb.   24. 
Wage    Arbitration    and    Contracts.      Bentley    W.    Warren.      (Abstract   of    paper    read 

before  Am.   Electric   Railway  Assoc.)       (17)      Feb.   24. 
Highway   Paving  by   Street  Railways.      W.    R.   Dunham,   Jr.      (17)      Feb.    24. 
Procedure    in    Chicago    Elevated   Valuation.*      F.    J.    Bachelder.      (Abstract   of   paper 

read  before  Wisconsin  Eng.   Soc.)       (17)      Mar.   3. 
Buffalo-Xiagara    Falls    High    Speed    Line.      (New    Line    of    International    Railway, 

Buffalo,   N.   y.)*      (17)      Mar.   3. 
Recent  Tendencies  in  Taxation   (Pertaining  to  Railways).*      R.  L.  Rand.      (Abstract 

of   paper   read   before   New   York    Electric    Railway    Assoc.)       (17)      Mar.    3. 
Redeemable   Cash-Fare    Receipts.      R.    W.    Palmer.      (Abstract   of   paper    read    before 

New  York   Electric  Railway  Assoc.)       (17)      Mar.   3. 
Rapid    Transit    Plan    for    Sydney.      (Abstract    of    report    by    Department    of    Public 

Works,    Sydney.)*      (17)      Mar.    3. 
Recent    Power    Supply    Developments    at    Manchester,    N.    H.     (Traction    Light    and 

Power   Company.)*      F.    C.   Doble.      (17)      Mar.    10. 
Chicago    Will    Have    5  000  000    Population    in    1950  :    Traction    and    Subway    Com- 
mission   Makes   Estimates   of    City    Growth   to   Anticipate   Transportation    Needs 

and  Earning  Power.*      (14)      Mar.   10. 
Tunneling   under   a    River:    Difficulties    Encountered    in    the    Subway    Work    in    New 

York.      Clifford   M.   Holland.      (From   PubJic  Service  Record.)       (19)      Mar.    10. 
Steel    Construction    Recommended   for   Chicago's   Subway.*      (14)      Mar.    17. 
Steel   in   New  York   Elevated   Station  Hidden  by  Ornamental   Concrete :   Jerome  Ave. 

Line  of   Subway  Extension   at   Mosholu   Parkway   Station.*      (14)      Mar.   17. 
Maintenance  of  Overhead  on  the  Westchester.*      (17)      Mar.   17. 
Revival   of  Pure   Wrought  Iron.      (In   Railway   Service.)      G.  G.   Roberts.      (Abstract 

of  paper  read  before  Central   Electric  Railway  Assoc.)       (17)      Mar.   17. 
Signaling    and     Interlocking    on     New     York     Subway     and    Elevated    Lines.      (18) 

Mar.   17. 
Analysis   of   Track   Maintenance   Costs.      (Brooklyn    Rapid   Transit.)*      R.    C.    Cram. 

(17)      Mar.  17. 
Refection   de  la  Voie  de   Om    60   du  Tramway  de   Pithiviers  a   Toury    (Loiret).*      E. 

Maynard.      (33)      Feb.  17. 

Roads  and  Pavements. 

Chronological   Compendium  of  Notable   Periods   and   Occurrences   in   the   History  and 

Administration   of   Highways    in    England   and   Wales.     Thomas    Bowes.      (114) 

Feb. 
Stone-Filled  Sheet  Asphalt  Pavement.*      Charles  A.  Mullen.      (96)      Feb.  15. 
Road    Openings  :    United    States    Practice    and    Regulations.     Arthur    H.    Blanchard. 

(104)      Feb.  16. 
Highways   and  Byways.     Lawrence  W.   Chubb.      (29)    Feb.   16;    (104)    Feb.   23. 
Traffic  Census :   Its   Application   to  the  Design  of  Roadways,   Selection   of  the   Pave- 
ments,  and  Traffic  Regulation.      D.  B.   Goodsell.      (Paper  read  before  Am.   Road 

Builders'  Assoc.)       (96)      Feb.  22. 
Causes   of    Cracks    in    Concrete    Roads.      A.    T.    (Joldbeck.      (Paper    read   before    Am. 

Assoc,  for  Advancement  of  Science.)       (104)      Feb.  23. 
Reconstruction   of  the   Broadway  Tunnel,  Los   Angeles,    California.*      (60)      Mar. 
Cost  Accounting  for  Municipal  Work.*      (60)      Mar. 
The  Fallacy  of  Extending  Service  Connections  to  the  Curb  Line  Previous  to  Paving. 

John  Wilson.      (59)      Mar. 
The    Design    of   Asphaltic    Concrete    and    Bituminous    Macadam    Pavements.*      Lester 

Kirschbraun,    Philip   P.   Sharpies  and   Charles   Carroll   Brown.      (60)      Mar. 
Old  Macadam  of  Little  Value  as  Base  for  Concrete  Pavement.*      D.  A.  Thomas.      (13) 

Mar.  1. 
Constructing    Wide     Concrete     Pavements     with     Top     Reinforcement.*      Charles     A. 

Alderman.      (13)      Mar.   1. 
Michigan  Proposes  to  Regulate  Trucks.      D.  A.  Thomas.      (14)      Mar.  3. 
Recent  Practice  in  the  Construction  of  Granite  Block  Pavement.      William  H.  Connell. 

(Abstract   of   paper    read   before    Am.    Road    Builders'    Assoc.)       (86)      Mar.    7  ; 

(14)   Mar.  17. 
The  Earlier  Brick  Pavements  of  Cleveland,   Ohio.      Fred  R.  Williams.      (Abstract  of 

paper  read  before  Am.  Road  Builders'  Assoc.)       (86)      Mar.   7. 
Cost  of  Operation  of  Municipal  Asphalt  Plant  of  Los  Angeles.      (86)      Mar.   7. 
Maintenance  of  Parking  Strips.      H.  R.  Ferriss.      (86)      Mar.  7. 
A  Logarithmic  Aggregate  Card   and   Its   Application   to  Asphaltic   Paving  Mixtures.* 

C.  C.  Kennedy.      (86)      Mar.  7. 
Traffic  Analysis   and   Census   Procedures.      William   H.    Connell.      (Abstract   of   paper 

read  before  Am.  Assoc,  for  Advancement  of  Science.)       (86)      Mar.  7. 
Method    of    Maintaining    State    Aid    Roads    in    Illinois.*      B.    H.     Piepmeier.      (86) 

Mar.  7. 

*  Illustrated. 
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Roads  and  Pavements— (Continued). 

An    Improved    Abrasion    Test    of    Stone    for    Road    and    Concrete    Purposes.*      H.    H. 

Scofleld.      (Abstract  of  paper  read  before  Indiana  Eng.  Soc.)      (86)      Mar.   7. 
Maintenance  of  Earth  and  Gravel  Roads.      R.  L.   Morrison.      (Abstract  of  paper  read 

before  Am.  Road  Builders'  Assoc.)       (86)      Mar.  7. 
Cleaning     Paving     Brick     by     Compressed    Air     Power.*      C.     G.     Cummings.      (86) 

Mar.    7. 
Resurfacing  Old  Concrete  Road  with  3  In.  of  Concrete.*      (86)      Mar.  7. 
Recent  Developments   in  Details  of  Construction  of  Brick   Pavements  on  Green   Con- 
crete  Foundation    and   on    Sand-Cement    Superfoundation.      William    C.    Perkins. 

(E.xtracts    from    paper    read    before    Am.    Assoc,    for   Advancement    of    Science.) 

(86)      Mar.  7. 
New    Methods    and    Devices    for    Concrete    Pavement    Construction.     W.    M.    Kinney. 

(Abstract  of   paper   read   before   Am.    Concrete   Institute.)       (86)      Mar.    7. 
Widths    of    Wagon    Tires    Suitable    for    Use    on    Country    Earth    and    Gravel    Roads. 

E.   B.  McCormick.      (From  Circular  of  Office  of  Public  Roads  and  Rural   Eng.) 

(86)      Mar.    7. 
Concrete  Road  Construction  in  New  York.     W.  M.  Acheson.      (Abstract  of  paper  read 

before  Am.  Concrete   Institute.)       (86)      Mar.   7. 
Best    Practice    in    Concrete    Road    Construction.      H.    E.    Breed.      (Abstract    of    paper 

read  before  Am.  Road  Builders'  Assoc.)       (96)      Mar.  8. 
The  Necessity  for  Adequate  Methods  of  Waterproofing  in  Road  Construction.*      C.  J. 

Morrison.      (Abstract    of    paper    read    before    Am.    Assoc,    for    Advancement    of 

Science.)       (96)      Mar.  8. 
Building    360    Miles   of   Roads    with   County   Day    Labor.*      J.    S.    Bright,    Jr.      (13) 

Mar.  8. 
Tar   Macadam   on   Concrete   Base   Serves   Both  Motor  and  Horse  Traffic  :    New   York 

State  Highway.*      P.  H.   Brigham.      (14)      Mar.   10. 
How  Davenport  Proportions  Paving-Assessment  Benefits.*      Roscoe  E.   Samistowsky. 

(14)      Mar.   10. 
New  Jersey  Introduces  Small  Granite  Cubes  for  State  Road  Paving.*      (13)      Mar.  15. 
Another  Street  Tunnel  to  be  Built  in  Los  Angeles.*      R.  W.  Stewart.      (13)      Mar.  15. 
Earth  and  Gravel  Road  Maintenance.      A.  McGillivray.      (Paper  read  before  Manitoba 

Good   Roads  Assoc.)       (96)      Mar.   15. 
Stone    and    Concrete    Road    Foundations.*      George    C.    Warren.      (From    paper    read 

before  Am.   Assoc,   for  Advancement  of   Science.)       (19)      Mar.    17. 
Standard    Sizes    of    Stone    and    Gravel    for    Use    of   Wisconsin    Highway    Commission. 

(86)      Mar.  21. 
Reducing  Trench  Digging  Hazards.      (From   Travellers   Standard.)       (86)      Mar.   21. 

Sanitation. 

Nitrogen    from     Sewage.      S.     Rideal.      (Abstract    of    paper    read    before    Assoc,    of 

Managers  of  Sewage  Disposal  Works.)       (96)      Feb.  15. 
Diffusion  of  Sewage  in  Water.*      Kenneth  Allen.      (Extracts  from  paper  read  before 

Connecticut  Soc.  of  Civil  Engrs.  and  from  Municipal  Journal.)       (104)      Feb.  16. 
A  New  Type  of  Trickling  Filter.*      G.  G.  Nasmith.     (From  Journal  of  Royal  Sanitary 

Institute.)       (96)   Feb.  22;    (14)  Mar.  10. 
Heating  Chicago's   Tuberculosis    Sanitarium.*      Thomas   Wilson.      (64)      Feb.    27. 
The  Best   Reputation    in   Chicago.      (Brick   Sewers.)*      (76)      Feb.   27. 
Swimming  Pool  Operation.      Jack  J.  Hinman,  Jr.      (59)      Mar. 
The  Sanitary   Drinking  Fountain.      J.   H.   Dunlap.      (59)      Mar. 
Concrete    Sewer    Failure    Due    to    Poor    Aggregate    and    Defective    Methods.*      M.    T. 

Cantell.      (Abstract  of  report  to  the   Rural   Municipality  of  St.   Vital,   Canada.) 

(60)      Mar. 
Extension    of    the    North    Metropolitan    Sewerage    System    Outfall    at    Deer    Island, 

Boston  Harbor.*      Clarence  A.  Moore.      (109)      Mar. 
Manchester,   Mass.,   Outfall   Sewer.*      Raymond   C.    Allen.      (109)      Mar. 
Concrete    Septic    Tanks    for   Country    Houses.*      (67)      Mar. 

Big  Drainage  Project  in  North  Carolina  with   Rural-District  Plan.*      (13)      Mar.   1. 
Definition    of    Terms    Used    in     Sewerage    and     Sewage    Disposal    Practice.      (From 

report  of  Committee  to  Am.   Public   Health   Assoc.)      (96)      Mar.    8. 
Worcester's  35-Year  Grapple  with  the  Sewerage  Disposal  Problem.     W.   L.   Butcher. 

(13)      Mar.  8. 
A    New    Type    of    Steam    Heating    System :    Description    of    New     Development    of 

Vacuum   Heating,  Which  Operates  Either  as  a  Vapor  System  or  as  a  Pressure 

System.*      (101)      Mar.    9. 
Analysis   of   Water   in    a   Swimming   Pool.      John   F.    Norton.      (Extracts   from   paper 

read   before  Am.   Public  Health  Assoc.)       (101)      Mar.   9. 
Flushing — Its    Place    in    the    Street    Cleaning    Field.*      Raymond    W^    Parlin.      (96) 

Mar.  15. 
Don    Ineinerator — Toronto :     Details    of    Construction    and    Methods    of    Operation    of 

Plant.*      (96)      Mar.  15. 

*  Illustrated. 
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Sanitation  — (Continued). 

Building  a  Sewer  in  Creels  Channel   at  Austin,  Texas.*      Julian   Montgomery.      (13) 

Mar.  15. 
Laying  Tile  and   Cast-Iron   Drain    Pipe.*      William   Hutton.      (101)      Mar.   16. 
The     Sewage     Disposal     Works     of     Mason     City,     la.*      Robert     F.     Gayton.      (86) 

Mar.   14. 
Operation  of  some  of  the  More  Complete  Sewage  Disposal   Plants  in   Illinois.      M.   C. 

Sjoblom.      (Paper    read    before    Illinois    Soc.    of    Engr.'^.)       (86)      Mar.    14. 
Cont^tructiou   Features   and   Methods   in   the   Little   River   Drainage   District.*      B.   F. 

Burns.      (86)      Mar.  21. 
Financing   Water    Supply    and    Sewerage   Connections    and    Plumbing.      R.    A.    Butler 

and    F.    C.    Jordan.      (From    paper    read    before    Indiana    Sanitary    and    Water- 

Supply  Assoc.)       (13)      Mar.  22. 
Run-Off   Computations   for  70  OOO-Acre   Storm   Water   Drainage,   St.   Louis.*      W.   W. 

Horner.      (Abstract  of   report  to  Board  of  Public   Service.)       (13)      Mar.   22. 
Heating    and    Ventilating    a    Portable    School.*      J.    R.    McColl.      (Paper    read    before 

Am.    Soc.    of   Heating   and   Ventilating   Engrs.)       (101)      Mar.    23. 
A    Consistent    Method   for   Sizing   Supply    Pipers.      Harold   L.    Alt.      (101)      Mar.    23. 
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AN  AEKIAL  TRAMWAY  FOR  THE  SALINE  VALLEY 
SALT  COMPANY,  INYO  COUNTY,  CALIFORNIA 


By  F.  C.  Carstarphen,  Assoc.  M.  Am.  Soc.  C.  E. 
To  BE  Presented  May  2d,  1917. 


Synopsis. 


This  paper  gives  a  brief  statement  of  the  prominent  features  of 
the  location,  construction,  and  operation  of  an  aerial  tramway  built  to 
carry  salt,  at  the  rate  of  20  tons  per  hour,  a  distance  of  13^  miles, 
from  Saline  Valley,  over  the  Inyo  Mountains,  to  a  point  in  Owens 
Valley,  California. 

It  is  assumed  that  the  reader  is  familiar  with  the  terminology 
of  aerial  tramway  design;  also,  that  the  ability  of  an  aerial  tramway 
system  to  transport  materials  economically  and  efficiently  at  the 
rate  of  250  tons  per  hour  or  less  is  so  well  known  as  to  make  extensive 
discussion  of  these  points  unnecessary. 


California  now  possesses  one  of  the  most  novel  aerial  tramways 
ever  constructed.  This  was  built  over  the  Inyo  Mountains  for  the 
Saline  Valley  Salt  Company,  of  Los  Angeles,  Cal. 

In  1904  Adolf  Bleichert  and  Company  completed  for  the  Argentine 
Eepublic,  a  tramway,  22  miles  in  length,  with  a  difference  in  terminal 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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elevations  of  11  500  ft.,  thereby  establishing  a  record  for  length  of 
lines  operated  continuously  and  successfully.  In  1915  the  American 
Steel  and  Wire  Company  completed  an  aerial  tramway  for  the  Spring 
Canyon  Coal  Company,  of  Storrs,  Utah,  which  carries  285  tons  of  coal 
per  hour. 

Although  these  two  structures  exceed  the  Saline  Valley  tramway 
in  length  and  capacity,  respectively,  neither  of  them  crosses  a  moun- 
tain range,  nor  does  either  show  such  boldness  of  engineering  design. 
The  engineers  who  undertook  the  construction  of  this  tramway  were 
fitted  by  experience  to  solve  the  many  problems  which  confronted  them. 
As  early  as  1895  the  Trenton  Iron  Company  designed  a  tramway,  12 
miles  long,-  for  the  Compagnie  Haitienne,  of  Port  de  Paix,  Haiti,  and 
it  has  been  maintained  in  successful  operation  ever  since. 

The  purpose  of  the  Saline  Valley  Salt  Company,  in  building  this 
aerial  tramway,  was  to  transport  salt  from  Saline  Valley,  over  the 
Inyo  Mountains,  to  the  railroad  in  Owens  Valley.  The  tramway  is 
in  Inyo  County  which  is  remarkable  as  possessing  the  highest  and 
lowest  spots  in  the  United  States.  Mt.  Whitney,  elevation  14  501  ft., 
is  the  crowning  height  of  the  Sierra  Nev'ada  Mountains,  forming  the 
west  wall  of  Owens  Valley;  Death  Valley,  to  the  east,  has  an  elevation 
of  minus  280  ft.,  and  is  the  lowest  spot  in  the  desert.  An  observer 
standing  on  the  summit  of  Telescope  Peak  of  the  Panamint  Range 
can  view  the  extremes  in  elevation  of  the  Republic. 

It  may  be  remarked  in  passing  that  Owens  Valley,  elevation  approxi- 
mately 3  600  ft.,  possesses  a  river  of  such  magnitude  that  the  City  of 
Los  Angeles  has  built  an  aqueduct,  274  miles  long,  for  the  purpose 
of  making  this  moimtain  stream  available  for  the  domestic  water 
supply  of  the  city.  The  Owens  Hiver  flows  into  Owens  Lake,  which 
is  a  dead  sea,  without  outlet.  The  waters  of  this  lake  are  sufficiently 
rich  in  sodium  carbonate  to  make  its  extraction  profitable.  At  present, 
plants  on  the  east  side  of  the  lake  are  producing  soda  ash  and  sodium 
bicarbonate  in  large  quantities. 

To  the  east,  beyond  the  Inyo  Mountains,  is  Saline  Valley,  with  an 
elevation  of  1 100  ft.  This  valley  has  no  water  system,  but  is  remarkable 
for  several  large  springs,  and  there  is  flowing  water  in  Hunter  Canyon. 
To  the  east  of  Saline  Valley  lies  the  romantic  Death  Valley,  its 
depressed  floor  dotted  with  borax  deposits.  Thus,  it  may  be  noted,  the 
commercial  worth  of  these  valleys  depends  on  altitude.     The  tempera- 
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ture  of  the  summer  air  of  Owens  Valley  is  not  excessive,  but  Saline 
and  Death  Valleys  are  no  doubt  quite  the  hottest  places  that  can  be 
found  in  the  world.  Temperatures  of  120°  Fahr.  in  the  shade  prevail 
for  considerable  periods,  and  only  because  of  the  absence  of  humidity 
can  the  summer  heat  be  endured. 

The  topography  of  Inyo  County  owes  its  extreme  boldness  to  the 
simple  nature  of  the  faulting,  which  is  responsible  for  the  Sierra 
Nevada  and  Inyo  Mountains.  When  the  great  blocks  of  the  earth's 
crust  were  thrust  upward  they  assumed  a  tilt  toward  the  west,  so  that 
the  slopes  on  that  side  are  gradual ;  the  east  fault  plane  has  been  carved 
into  bold  escarpments  of  exceeding  grandeur.  The  elevations  of  the 
floors  of  the  valleys  between  the  successive  mountain  ranges  indicate 
the  relative  power  of  the  faulting  forces.  At  the  time  of  this  great 
displacement  of  the  earth's  crust,  titanic  agencies  were  at  work,  and 
in  regions  of  ancient  volcanic  activity  deposits  of  precious  ores  are 
often  found.  This  district  is  not  an  exception.  In  the  early  Eighties 
a  gold  stampede  took  place  into  the  Saline  Valley  and  the  Ubehebe 
Mountains  forming  its  eastern  boundary.  It  is  said  that  more  than 
2  000  people  were  camped  in  this  valley  during  the  height  of  the  excite- 
ment. At  that  time  it  became  generally  known  that  there  was  a  great 
salt  deposit  of  remarkable  purity  in  Saline  Valley.  A  view  of  this 
deposit  from  the  flanking  mountain^  on  the  west  is  most  impressive. 
The  most  important  portion  of  the  salt  flat  covers  an  area  of  approxi- 
mately 1  500  acres,  and  the  purity  of  the  salt  is  enhanced  by  a  natural 
refining  process  which  is  in  constant  operation,  due  to  the  remarkable 
fact  that  there  is  a  series  of  large  springs  on  the  western  rim  of  the 
salt  flat,  the  water  of  which  inimdates  the  salt  beds  during  the  winter, 
and  yields  to  the  excessive  evaporation  superinduced  by  the  summer 
heat.  This  retreat  of  the  water  deposits  the  pure  salt  crystals,  which 
form  when  the  brine  reaches  the  point  of  saturation. 

The  salt  claims  located  at  that  time  have  always  been  assumed  to 
possess  great  value,  provided  transportation  facilities  could  be  obtained 
to  ship  the  salt  to  the  various  markets. 

Surveys  had  demonstrated  the  impracticability  of  building  a  rail- 
road into  the  valley;  the  mountain  barrier  was  so  great  that  the  cost 
of  constructing  such  a  line  was  excessive.  Two  methods  of  transpor- 
tation were  then  considered.  The  first  was  by  a  pipe  line  over  the 
Inyo  Range,  through  which  the  brine  formed  on  the  salt  flat  could  be 
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pumped  to  evaporating  vats  adjoining  the  railroad  at  Owens  Valley. 
This  project  was  examined  very  carefully,  and  estimates  of  cost  were 
prepared,  but  it  was  found  that  although  it  was  feasible  for  the  trans- 
portation of  brine,  it  did  not  afford  a  means  of  bringing  in  the  supplies 
needed  by  the  operations  incidental  to  pumping.  Accordingly,  the 
merits  of  an  aerial  tramway  were  discussed,  and,  in  order  to  ascertain 
the  cost,  and  determine  a  suitable  location  for  such  a  tramway,  a 
survey  was  begun  in  April,  1911,  under  the  direction  of  W.  H.  Leffing- 
well,  M.  Am.  Soc.  C.  E.  Several  trial  lines  were  run,  and  a  location 
was  selected  in  the  latter  part  of  May.  Under  the  direction  of  Mr. 
C.  H.  Wickham,  Field  Engineer  for  the  Trenton  Iron  Company,  a 
final  location  was  completed  in  July.  The  profile,  together  with  the 
topographical  surveys,  were  submitted  to  the  Trenton  Iron  Company 
for  consideration.  An  estimate  was  prepared,  and  the  final  contract 
was  signed  on  August  14th,  1911,  between  The  Trenton  Iron  Company, 
a  subsidiary  of  the  American  Steel  and  Wire  Company,  and  the 
Saline  Valley  Salt  Company,  a  corporation  of  the  State  of  Arizona. 

This  contract  called  for  the  preparation  of  the  designs  and  finished 
drawings,  as  well  as  the  wire  cables,  carriers,  and  machinery,  for  a 
Trenton-Bleichert  tramway  to  carry  salt  w^eighing  60  lb.  per  cu.  ft., 
the  slope  length  of  the  line  being  69  645  ft.,  the  capacity  20  tons  per 
hour,  the  elevation  of  the  discharge  terminal  above  the  loading  ter- 
minal, 2  450  ft.,  the  carriers  to  have  a  volume  of  12  cu.  ft.,  and  the 
speed  of  the  traction  rope  to  be  500  ft.  per  min.  This  resulted  in  a 
spacing  of  525  ft.,  or  63  seconds,  between  contiguous  carriers.  More 
than  112  h.  p.  were  required  for  its  operation.  The  following  items 
occur  as  prominent  parts  of  the  specifications : 

Patent  locked  coil  steel  track  cable,  ll-in 13  850  ft. 

"  "         "       "         "  "        1-Hn 55  450  " 

"  "         "       "         "  "  l-in 69  300  " 

Special  steel  traction  rope,  |-in 141  000  " 

Special  steel  buckets,  capacity  12  cu.  ft.,  with 
protecting  covers ;  and  hangers,  carriages,  and 

patent  compression  grips 286 

Intermediate    supports 120 

Track  cable  saddles 240 

Steel  traction  rope  rollers,  with  shafts,  bearings, 
bolts,  washers,  foot  castings,  etc 240 
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The  specifications  also  included  the  erection  of  the  timber  work 
and  attaching  the  machinery;  the  equipment  for  one  loading  terminal, 
one  discharge  terminal,  five  intermediate  control  stations,  twenty-one 
rail  structures,  twelve  anchorage-tension  structures,  and  one  double- 
tension  structure;  tools  for  coupling  and  splicing  track  cables  and 
traction  rope;  the  necessary  signal  gongs  for  the  control  of  the  line 
when  in  operation ;  track  cable  oiling  cars,  traction  rope  oiling  tanks, 
and  water  carriers. 

The  difficulties  of  construction  on  this  line  may  be  inferred  from 
an  inspection  of  the  profile,  Fig.  1.  Aerial  tramways  have  been  built 
in  the  past  so  that  the  line  traversed  country  possessing  exceedingly 
rough  topography,  but  each  has  been  distinguished  by  the  fact  that  it 
has  been  on  the  flank  of  a  mountain  range,  instead  of  crossing  it.  It 
was  desirable  to  find  the  shortest  route  between  the  salt  fields  and  the 
railroad.  The  west  side  of  the  Inyo  Mountains,  though  broken  into 
a  number  of  precipitous  ridges,  does  not  impose  extreme  difficulties 
to  aerial  tramway  erection.  The  average  elevation  of  the  crest  of 
these  mountains  is  10  000  ft.  above  sea  level,  and  it  runs  in  a  northerly 
and  southerly  direction.  However,  there  is  a  saddle  in  the  crest  line 
with  an  elevation  of  8  500  ft.,  so  that  it  was  desirable  to  have  the  tram- 
way pass  through  this  gap.  By  utilizing  the  difference  in  elevation 
'between  the  terminal  stations,  it  was  found  that  the  7  500  ft.  required 
to  pass  the  summit  could  be  obtained  by  dividing  the  difference  in 
altitude  between  the  floor  of  Saline  Valley  and  the  summit  into  three 
2  500-f t.  sections ;  also,  that  the  descent  from  the  summit  to  Owens 
Lake  could  be  made  in  two  2  500-ft.  sections.  The  selection  of  a  con- 
stant difference  in  the  height  of  the  several  control  stations  was  an 
important  factor  in  deciding  on  a  constant  size  of  traction  rope  for  all 
the  sections.  The  use  of  intermediate  control  and  driving  stations 
added  flexibility  to  the  location  of  the  line,  as  any  reasonable  horizontal 
angle  can  be  made  at  such  points. 

The  final  location  of  the  line  is  shown  on  the  map.  Fig.  2.  It 
starts  from  the  edge  of  the  salt  field,  at  an  elevation  of  1  060  ft.  and 
runs  south  along  the  mesa  for  2|  miles  to  the  foot  of  the  eastern  face 
of  the  mountains,  which  has  an  elevation  of  about  1  800  ft.  The  line 
ascends  abruptly  to  Station  177  -|-  50,  which  has  an  elevation  of  3  720 
ft.,  where  Control  Station  No.  1  is  placed.  The  portion  of  the  line 
from   the  loading   terminal   to    Control    Station   No.    1   is   designated 
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117   15'       R.39  E. 


117    15 '       R.39  E. 


10  Miles 


Coutour  luterval  5U0  feet 

Fig.  2. — Location  of  Aerial  Tramway  of  Saline  Valley  Salt  Company 
(U.  S.  G.  S.  Topography). 
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Section  I.  A  horizontal  angle  of  35°  30'  is  turned  to  the  right,  or  west- 
ward, at  this  control  station.  The  line  crosses  Daisy  Canyon  between 
Stations  223  and  244,  and  attains  an  elevation  of  6  100  ft.  at  Station 
270,  where  Control  Station  'No.  2  is  established.  This  is  known  as 
Section  II.  The  line  continues  without  angle  to  the  summit  of  the 
mountain.  Control  Station  No.  3  is  at  this  point,  8  300  ft.  from  Control 
Station  No.  2.  This  is  Section  III.  There  is  an  angle  of  2°  28'  to 
the  right  at  this  point.  Control  Station  No.  4  is  at  Station  550  +  66, 
elevation  6  330  ft.,  and  is  the  limit  of  Section  IV.  A  horizontal  angle 
of  10°  48'  is  turned  to  the  left  to  Stat'ion  685  +  63,  at  an  elevation 
of  3  625  ft.,  the  site  designated  for  the  discharge  terminal,  which 
adjoins  a  spur  of  the  narrow-gauge  branch  of  the  Southern  Pacific 
Railroad,  terminating  at  Keeler,  Cal. 

The  rugged  nature  of  the  topography  is  shown  by  Figs.  3  to  14, 
as  well  as  by  the  plat  of  the  survey.  At  the  time  the  survey  was  made 
there  was  great  difficulty  in  reaching  the  points  traversed  by  the  line. 
In  numerous  cases,  when  the  survey  parties  were  working  in  deep 
canyons,  days  were  consumed  in  finding  a  feasible  path  of  ascent  to 
the  summits  of  the  cliffs. 

Construction  was  started  on  September  1st,  1911,  when  the  framing 
of  the  timber  for  the  towers  on  Section  TV  was  commenced.  While 
the  framing  was  in  progress,  new  roads  and  trails  were  being  built, 
so  as  to  command  the  location  of  the  line.  At  a  point  on  the  railroad 
about  3^  miles  north  of  Keeler  an  old  charcoal  road  traverses  the  west 
slope  of  Inyo  Mountain  to  within  about  a  mile  of  the  summit  crossing. 
The  summit  was  connected  to  the  old  road  by  a  new  construction,  and 
the  old  road  was  repaired  and  made  serviceable.  However,  at  an  ele- 
vation of  about  5  900  ft.  there  was  a  stretch  of  about  300  ft.  of  road 
having  a  grade  of  25%,  and  the  conditions  were  such  that  this  grade 
could  not  be  eliminated  or  improved  at  a  reasonable  cost.  Thus 
25%  became  the  ruling  grade  for  hauling  the  material  needed  for  the 
construction  between  Control  Stations  4  and  1.  The  maximum  load 
which  eight  horses  can  haul  on  such  a  grade  is  about  5  000  lb.  Heavier 
loads  required  ten  or  twelve  horses.  As  the  distance  from  Owens 
Valley  to  the  summit  was  about  10  miles,  a  camp  was  established  on 
the  road  about  3J  miles  west  of  the  summit.  By  this  arrangement 
teams  could  make  one  trip  per  day  from  the  railroad  to  the  camp, 
leaving  their  loaded  wagons  for  other  teams,  quartered  at  the  camp. 
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Fig.  3. — Saline  Valley  and  Station  15.     Anchorage  and  Tension  Station  11. 


'#. 


J  -* 


Fig.  4. — Tramway  Crossing  Daisy  Canyon,  Control  Stations  15  to  16. 
Line  Rider  on  Carrier. 
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Fig.  5. — Bucket  Leaving  Loading  Terminal. 


Fig.  6. — Loaded  and  Empty  Carriers  Passing  on  80%  Grade,  Showing  Vertical 
Position  Maintained  by  Both. 


Papers.]      AERIAL   TRAMWAY    FOR   SALINE    VALLEY    SALT   CO.  537 

to  liaul  to  the  summit  and  unload.  The  camp  teams  could  make  three 
trips  in  2  days.  The  total  weight  of  material  hauled  from  the 
railroad  to  this  camp  was  found  to  be  1.1  tons  of  grain,  5.4  tons  of 
hay,  and  23.2  tons  of  water,  for  each  70.3  tons  of  material  required  for 
the  tramway  construction.  The  maintenance  cost  of  a  team,  consisting 
of  eight  horses  and  driver,  with  headquarters  at  the  railroad,  was  $15 
per  day.  A  team  maintained  at  the  upper  camp  cost  $21  per  day,  the 
increase  being  due  to  the  fact  that  all  feed  and  water  used  at  the  camp 
had  to  be  hauled  from  the  railroad. 

It  was  impossible  to  build  roads  on  the  east  flank  of  the  Inyo 
^lountains.  After  a  great  deal  of  difficulty,  a  trail  was  constructed 
o\er  the  summit  to  Saline  Valley.  As  heavy  machinery  could  not  be 
moved  by  pack  animals,  it  was  necessary  to  construct  temporary,  double- 
cable,  reversible  tramways  for  this  purpose.     The  diameter  of  the  track 

cables  used  was  —  in.  and  that  of  the  traction  rope,  —  in.     Suitable  car- 
4  8 

riers  were  improvised  by  using  two  or  more  standard  tramway  timber 
carriers.  The  weight  of  the  material  transported  by  these  jigbacks  was 
approximately  as  follows :  From  Control  Station  No.  3  at  the  summit, 
for  Structures  Nos.  19,  18,  17,  16,  and  the  towers  in  Section  III,  about 
60  tons,  at  a  cost  of  from  $2  to  $4  per  ton,  the  difference  being  accounted 
for  by  the  fact  that  the  material  was  unloaded  from  the  line  as  required : 
From  Structures  Nos.  20  to  15,  a  distance  of  8  300  ft.,  600  tons  were 
moved,  at  a  cost  of  $4.20  per  ton ;  from  Structures  15  to  11,  2  600  ft. 
distance,  375  tons  at  $2  per  ton;  Structures  11  to  9,  4  000  ft.,  260  tons 
at  $3.50  per  ton;  Structures  9  to  7,  2  700  ft.,  210  tons  at  $2.90  per  ton. 

The  cost  per  day  for  the  crew  required  to  operate,  load,  and  unload 
these  temporary  cableways  was  from  $35  to  $42.  The  capacity  of  these 
lines,  in  tons  per  day,  when  operating,  may  be  summarized  as  follows: 
From  Structures  20  to  15,  13.3  tons;  15  to  11,  33.3  tons;  11  to  9,  23.8 
tons;  9  to  7,  29.7  tons.  If  the  capacity  is  stated  in  tons  per  day,  includ- 
ing the  time  of  putting  up,  taking  down,  and  moving  the  jigbacks,  the 
figures  are  as  follows:  Structures  20  to  15,  6.3  tons;  15  to  11,  19.3 
tons;  11  to  9,  11.3  tons;  9  to  7,  14  tons. 

From  Chuckwalla  Hollow,  between  Structures  4  and  5,  a  line  was 
built  to  Control  Station  No.  1.  It  cost  $35  a  day  for  the  crew,  and 
took  6  days  to  build.    One  trip  per  day  could  be  handled  with  this  line, 
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at  an  average  cost  of  $50.  If  the  material  was  light,  such  as  wood, 
water,  etc.,  two  trips  could  be  made.  This  meant  a  labor  cost  of  more 
than  $25  per  ton  for  handling  motors  and  other  heavy  pieces  of 
machinery  from  Structures  4  to  7.  This  expense  is  accounted  for  when 
it  is  recalled  that  the  vertical  lift  is  1  900  ft.  in  a  horizontal  distance 
of  3  500  ft. 

Saline  Valley  can  be  reached  by  a  wagon  road,  approximately  55 
miles  long,  which  leaves  the  railroad  at  Big  Pine.  About  375  tons 
were  hauled  over  this  road  at  a  cost  of  $35  per  ton.  All  the  cables 
required  between  Stations  1  and  2,  together  with  the  75-h.p.  motor, 
transformers,  and  heavy  station  material,  were  moved  from  the  summit 
to  a  point  in  Daisy  Canyon  about  1  500  ft.  west  of  Control  Station 
No.  2.  This  material  was  transported  on  what  is  called  a  "go  devil." 
This  device  consisted  of  a  timber  frame  supported  on  an  axle  8  ft. 
long  which  passed  through  two  heavy  wheels.  The  rear  end  of  the 
frame  rested  on  the  ground,  and  was  shod  with  iron  in  order  to  pre- 
vent excessive  wear.  On  each  side  of  the  frame,  near  the  rear  end, 
steel  hooks  were  arranged,  so  that  two  men,  one  on  each  side  of  the 
frame,  could  lift  it  free  from  the  road  when  the  gradient  was  light. 
On  the  other  hand,  these  hooks  were  used  to  check  the  velocity  of  the 
device  when  traveling  over  ground  that  was  soft  enough  for  them  to 
penetrate.  The  operators  used  both  hooks  in  coming  down  steep 
places,  and  also  assisted  the  team  in  steering  the  device.  Fortunately, 
no  road  was  required  for  the  operation  of  this  machine,  as  the  canyon 
was  fairly  straight  and  the  bottom  free  from  ledge  rock. 

The  material  was  moved  to  Control  Station  'No.  2  on  a  tramway 
constructed  with  two  carrying  cables  mounting  four  carriers.  A  dif- 
ferent system  was  adopted  far  stringing  the  cables  from  the  summit  to 
Control  Station  No.  2,  and  also  from  No.  2  to  No.  1.  This  consisted 
of  coupling  cables  together  and  letting  them  down  the  mountain  side 
by  gravity.  It  was  necessary  to  keep  from  three  to  five  men  at  the 
leading  end  so  as  to  put  the  cables  on  the  traction  rope  guide  sheaves 
of  the  towers  and  stations.  The  velocity  of  the  cable  was  controlled 
with  4  by  8-in.  blocks  bolted  together,  so  that  the  cable  could  be  squeezed 
as  it  passed  along.  Each  one  of  these  extemporaneous  brakes  would 
resist  a  pull  of  about  1  000  lb.  until  a  groove  equal  to  the  depth  of  the 
cable  was  worn  in  it.     When  this  occurred  the  clamp  was  changed  so 
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Fig.   7. — The  2  400-Ft.  Span.     Station  7  is  at  the  Tui-,  Undkr  tiik  Cross. 


Fig.   8. — Tramway  Crossing  Daisy  Canyon,  Stations  10  to  11 ;  2  260-Ft.  Span  ; 
600  Feet  Above  Bottom  ;  85%  Grade  Into  Station  11. 
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that  the  cable  would  bear  on  a  new  spot.  From  Structure  4  to  Control 
Station  Xo.  1  the  cables  were  pulled  up  with  a  winch  driven  by  a  gaso- 
line engine.  On  Sections  IV  and  Y  the  cables  were  strung  and  placed 
under  tension  in  the  usual  manner,  except  that  on  Section  Y  the  grade 
was  sufficient  to  make  it  desirable  to  use  the  gravity  method.  In  plac- 
ing the  traction  rope  for  Sections  III  and  II,  it  was  threaded  around 
the  grip  sheave  at  the  summit  station.  The  grip  sheave  acted  as  a 
driving  sheave,  due  to  the  use  of  a  brake  on  the  reel,  which  imposed 
tension  in  the  traction  rope  before  it  passed  around  the  grip  sheave. 
The  traction  rope  was  also  passed  through  hauling  clamps  before 
reaching  the  grip  sheave  so  as  to  hold  it  when  splices  were  being  made, 
or  in  cases  of  emergency.  After  getting  the  traction  rope  for  one  side 
to  Control  Station  No.  1,  the  upper  end  at  Station  20  was  snubbed,  and 
the  rope  for  the  opposite  side  was  let  down  in  the  same  manner.  After 
the  upper  ends  had  been  spliced,  the  ropes  were  cut  at  Control  Station 
No.  2  and  passed  around  the  tension  and  grip  sheaves  of  this  station. 

The  towers  and  structures  are  carried  on  concrete  foundations,  and 
the  water  required  for  making  the  concrete  was  hauled  in  tanks  or 
packed  by  mules  for  distances  ranging  from  1  to  7  miles.  This  was 
also  true  for  the  water  required  for  the  camps,  except  those  at  the  rail- 
road, in  Daisy  Canyon,  and  Saline  Yalley.  All  permanent  camps  on 
the  east  slope  were  at  elevations  lower  than  6  000  ft.,  and  those  on  the 
west  slope  lower  than  7  500  ft.,  so  as  to  be  below  the  usual  snow 
line.  As  the  mountains  are  extremely  barren,  firewood  had  to  be 
hauled  or  packed  to  the  camps  from  the  most  convenient  points,  and 
these  were  often  at  considerable  distances. 

From  October  1st  to  April  snow  storms  are  of  frequent  occurrence, 
and,  owing  to  the  steepness  of  the  hillsides,  constitute  a  menace  to 
construction  at  all  altitudes  above  6  500  ft.  In  the  spring  occasional 
slides  have  occurred  on  the  eastern  slope,  and  have  proved  disastrous 
to  the  construction  crews.  The  drifting  snow  was  very  objectionable, 
owing  to  the  difficulty  of  keeping  the  trails  open.  Due  to  these  several 
causes,  the  work  was  arranged  so  that  it  could  be  performed  at  eleva- 
tions below  the  snow  line  during  the  winter. 

The  erection  of  the  line  was  pushed  energetically,  and  the  tramway 
was  ready  for  the  preliminary  test  on  June  10th,  but  the  electrical  con- 
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nections  from  the  power-house  of  the  Los  Angeles  Aqueduct,  which  is 
in  Cottonwood  Canyon  on  the  opposite  side  of  Owens  Lake,  were  not 
completed  until  later.  The  first  bucket  of  salt  arrived  at  the  discharge 
terminal  on  July  2d,  1913,  and  was  the  occasion  for  a  great 
demonstration. 

The  placing  of  salt  at  the  railroad  was  a  great  achievement,  and 
taxed  to  the  utmost  the  financial  capacity  of  the  Saline  Valley  Salt 
Company.  The  reasons  for  this  stringency  may  be  indicated  as  follows : 
After  the  contract  was  signed,  the  question  of  the  location  of  the  dis- 
charge terminal  was  an  open  one  for  the  next  7  months.  This  inde- 
cision as  to  the  terminus  of  the  tramway  affected  the  schedule  which 
was  prepared  to  guide  the  manufacturer  in  fabricating  and  shipping 
essential  parts.  It  also  deranged  the  plans  of  the  construction  crew. 
Nothing  could  be  done  in  the  making  of  surveys  and  the  preparation 
of  profiles,  designs,  or  drawings  until  the  site  of  the  discharge  terminal 
was  known.  Because  of  this  confusion  the  completion  of  the  contract 
was  delayed  beyond  the  intended  date,  so  that  the  Salt  Company  was 
required  to  meet  the  expenses  of  a  construction  organization  for  a 
longer  period  than  was  contemplated  in  the  original  estimates. 

The  contract  specified  that  the  capabilities  of  the  tramway  should 
be  demonstrated  by  an  operating  test  of  not  more  than  60  days,  under 
the  supervision  of  the  engineers  of  the  buyer  and  seller.  To  carry  out 
this  iDrovision,  active  steps  were  taken  by  the  field  engineers  to  place 
the  specified  number  of  carriers  on  the  line  and  to  co-ordinate  the 
various  functions  of  the  machinery,  carriers,  and  signal  systems  so 
that  the  operating  test  could  be  undertaken  as  speedily  as  possible. 

The  line  worked  with  great  satisfaction  when  the  buckets  were 
loaded  about  two-thirds  full.  When  efforts  were  made  to  carry  full 
buckets,  it  was  noted  that  the  number  of  accidents  due  to  runaway 
carriers  and  others  slipping  on  the  traction  rope  was  excessive.  An 
examination  of  the  equipment  was  immediately  started  to  ascertain 
the  cause.  After  carefully  canvassing  all  the  agencies  which  might 
have  influenced  this  unusual  behavior  of  the  carriers,  the  question  of 
the  weight  of  the  salt  as  furnished  to  the  tramway  was  raised,  and  an 
investigation  was  undertaken  to  determine  the  facts.  The  contract 
called  for  the  transportation  of  salt  weighing  60  lb.  per  cu.  ft.     The 
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Fig.  13. — Bucket  of  Salt  at  Loading  Terminal. 


Fig.  14. — Flexible  Hoods  Connei-ti.vg  Track  Cable  a.vh  Double-headed 
Teamway  Rail. 
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actual  weights  of  the  salt,  as  determined  by  careful  tests  at  the  salt 
field,  were  as  follows : 

Air-dried  salt CO     lb.  per  cu.  ft. 

Damp  salt 65-     "  "  " 

Salt    sufficiently    moist    to     agglomerate    when 

squeezed  in  the  hand 68.5"  "  " 

Salt  when  brine  is  dripping  slowly 83.3  "  "  " 

Salt  when  brine  is  dripping  freely 90.2  "  "  " 

When  brine  is  running  from  salt 94.2  "  "  " 

It  was  also  noted  that  the  average  run  of  salt  from  the  field  was  of 
the  wet  variety,  so  that  its  weight  was  in  excess  of  80  lb.  per  cu.  ft. 
As  the  weight  of  saturated  salt  exceeds  by  more  than  50%  the  figure 
stated  in  the  contract,  it  is  evident  that  the  stresses  imposed  on  the 
tramway  had  a  similar  range  in  value.  Unfortunately,  they  were  incre- 
ments to  the  stresses  contemplated  in  the  original  plan.  The  use  of 
liberal  factors  of  safety  in  design  is  again  justified,  for  otherwise  this 
line  would  have  failed  under  the  increased  burden  imposed.  When 
these  conditions  were  discovered  careful  observation  of  the  behavior 
of  the  carriers  showed  that,  when  carrying  dry  salt  they  traversed  the 
line  from  the  loading  to  the  discharge  terminals  without  noticeable 
difficulty,  but  when  loaded  with  wet  salt,  a  few  of  the  buckets  would 
slip  on  the  traction  rope.  The  points  where  this  difficulty  was  par- 
ticularly pronounced  were  between  Structures  5  and  6  of  Section  I; 
and  between  Structures  10  and  11  of  Section  II.  There  the  track 
cables  are  as  steep  as,  or  steeper  than,  can  be  found  on  any  operating 
aerial  tramway  using  friction  grips.  In  order  to  indicate  the  excessive 
gradients  which  confronted  the  designers  of  this  tramway.  Table  1  is 
presented.  All  gradients  of  less  than  30%  have  been  omitted.  This 
table  shows  the  station  numbers  of  the  approved  survey,  the  numbers 
of  the  structures,  the  slope  and  length  of  the  chord  of  the  span,  the 
number  of  loaded  carriers  supported  on  the  span,  and  the  slope,  in 
angular  measure  and  in  percentage.  These  data  will  be  found  of 
great  interest,  especially  to  engineers  concerned  in  aerial  tramway 
design.  Those  who  study  Table  1  will  realize  the  difficult  problems 
these  grades  imposed  on  the  designers  of  the  tramway. 

To  know  that  this  aerial  structure  is  in  successful  operation  is  a 
source  of  deep  gratification  to  its  sponsors.     The  first  great  departure 
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TABLE  1. — Elements  of  the  Aerl\l  Tramway  of  the 
Saline  Valley  Salt  Company. 


Span. 


From 


To 


Slope  of 
chord. 


Leng:th  of  chord, 
in  feet. 


No 
buckets 


span. 


Slope  of 
cable. 


Per- 
centage 
of  slope. 


Saline  to  Summit. 


135  +  50  (4) 

158  -1-  50   (5) 

20006' 

2  450 

5 

3902O' 

81.95 

158 --90  (4) 

162  4-  48 

30''53' 

1 

36017' 

73.41 

162 --48 

161  +  38 

31°40' 

1 

3fi°28' 

73.9 

164 --38 

166  -f  68   (6) 

32016' 

Entering  No.  6 

1 

39°45' 

83.17 

168  —  89   (6) 

173. 

30=27' 

709 

2 

37°49' 

77.61 

173. 

176 --03   (7) 

31051' 

Entering  No.  7 

1 

39036' 

82.73 

178 --57.3  (7) 

191 --07.7(8) 

20° 18' 

1  335 

3 

34^30' 

68.73 

191 --34   (8) 

203-1-48   (9) 

18019' 

1  280 

3 

330] 5' 

65.5 

2191'. 

223  -1-  08  (10) 

15042' 

500 

1 

20=37' 

37.62 

223  4-28  (10) 

244  4-10  (11) 

22°32' 

2  260 

0 

40°27' 

85.25 

244-1-63  (11) 

247  4-;22  (12) 

11032' 

1 

19O08' 

34.69 

251 --31  (13) 

265  4-91  (14) 

6°18' 

i  459 

2 

21024' 

39.19 

271 --10  (15) 

2K4  4-  50  T. 

15044' 

1  392 

2 

28°11' 

53.58 

284  -  50  T. 

2«9-(-  11  (16) 

23007' 

500 

1 

31O00' 

60.0 

289  4-  41  (16) 

295  4-31  (17j 

17°26' 

513.5 

1 

25023' 

47.45 

301  +  30  T, 

310  -t-  35  T. 

1303O' 

931 

2 

22°36' 

41.62 

310--35T. 
318--50T. 

318  4- SOT. 

20°58' 

873 

2 

29036' 

56.8 

320  -1-  70  T. 

24°25' 

1 

2902O' 

56.19 

320--rOT. 

322  4-94  (18) 

24032' 

1 

31°35' 

61.5 

.323 --33  (18) 

325  4-  30  T 

20°06' 

1 

24057' 

46.52 

325--30T. 

330  4-  00  T. 

21°18' 

503 

1 

270O6' 

51.17 

330  —  00  T. 

336  -1-OOT 

23054' 

656 

2 

30o.i8' 

60.0 

8.36  -  00  T. 

338  4-29  (19) 

26O06' 

1 

8303O' 

66.19 

339  +  02 

351  4-  95 

16°42' 

1  352 

310.13' 

60.6 

Summit  to 

Discharge  Terminal. 

374  4-46  (21) 

377  4-  20  T. 

18031' 

26=10' 

.49.1 

377  4-  20  T. 

379  4-  00  T. 

I8033' 

•  23=20' 

43.1 

379  T. 

390  4-  00  T. 

12031 ' 

1  127 

23001 ' 

42.5 

396  4-15  (22) 

399  4-  90  T 

19°11' 

26044' 

50.3 

399  — 90  T. 

400  4-  90  T. 

17°14' 

21=45' 

39.9 

400  —  90  T. 

413  +  SOT. 

10046' 

1  285 

22^37' 

41.6 

421 --51  (23) 

423  4  70  T. 

20049' 

25=44' 

48.2 

423--70T. 

426  4-91  (24) 

19048' 

25005' 

46.8 

427--  13  (241 
497 --40  (28) 

448+20  (25) 

80IO' 

3  128 

26=41' 

50.3 

503  T. 

I903O' 

594 

28=23' 

54.0 

503  T. 

504  +  Sn  T. 

17°45' 

22=26' 

41.3 

504  4-  50  T. 

506  +  80  T. 

17054' 

22=41' 

41.8 

506  4-  30  T. 

517  +  40  T. 

12O06' 

i  135 

22=45' 

41.9 

551  4-75  (29) 

553  +  10  ( 30) 

16029' 

23=14' 

42.9 

558  4-26  (30) 

556  +  50  T. 

19=27' 

27=51' 

52.8 

556  4-  50  T. 

557  +  50  T. 

190O8' 

23=39' 

43.8 

557  4-  50  T. 

5.58  +  50  T. 

19057' 

24=28' 

45.5 

558  4-  50  T. 

561  -1-34  (31) 

20=12' 

25=21' 

47.4 

5614-57  (31) 

580  +  68  (32) 

10=38' 

1  945 

29=26' 

.56.4 

581 -f  46  (32) 

584  T. 

15=35' 

22=45' 

41.9 

584  T. 

.588  +  lOT. 

14=18' 

19=53' 

36.2 

588  4-  10  T. 

590  T. 

13=19' 

18=08' 

32.75 

590  T. 

591  -f  28  T. 

13=21 ■ 

17=58' 

33.4 

591  +  28  T. 

592  +  50  T. 

13=35' 

18=10' 

32.8 

592  4-  50  T. 

593  4-  77  T. 

14=02' 

18=38' 

33.7 

593  4-  "("T  T. 

595  T. 

14=37' 

19=12' 

34.8 

595  T. 

597  +  50  T. 

14=50' 

19=42' 

35.8 

597  4-  50  T. 

600  T. 

14'' 37' 

18=39' 

33.8 

600  T. 

605  4-  80 

11=44' 

18=19' 

33.1 

6314-38  (34) 

633  +  20  T. 

22=32' 

28=17' 

53.8 

633  -1-  20  T. 

637  +  30  T. 

21=34' 

27=09' 

51.3 

637  4-  30  T. 

688  +  95  (35) 

20=53' 

25=37' 

47.95 

639  4-30  (35) 

659  -i-  26  (86) 

9=27' 

28=23' 

54.0 

663  4-97  (37) 

667  +  21  (38) 

13=11' 

20035' 

37.55 

667  4-76  '38) 

675  +  40  T. 

19=05' 

2 

27=58' 

53.1 

675  4-  40  T. 

680  +  90  T. 

18=08' 

2 

19=30' 

35.4 

Papers.]      AERIAL  TRAMWAY   FOR  SALINE    VALLEY   SALT  CO. 


551 


from  standard  tramway  practice  was  made  when  the  extreme  difference 
in  elevation  between  the  loading  terminal  station  and  the  summit  was 
divided  into  three  sections,  and  when  two  sections  were  used  for  the 
descent  from  the  summit  to  the  discharge  station.  Experience  has 
shown  that  it  is  not  economical  to  attempt  to  utilize  traction  ropes  of 
large  diameter.  The  total  stress  developed  in  such  ropes  when  lifting 
20  tons  of  material  1*  miles  vertically  at  the  rate  of  500  ft.  per  min. 
is  so  great  as  to  prohibit  the  use  of  a  single  rope  for  this  duty.  Mul- 
tiple traction  ropes,  arranged  in  parallel,  are  not  to  be  considered  when 
a  more  satisfactory  solution  of  the  problem  can  be  developed.  Accord- 
ingly, it  was  decided  that  the  tramway  should  be  arranged  in  sections 
so  as  to  maintain  a  traction  rope  of  moderate  diameter,  and  to  arrange 


CURVED  RAIL  STRUCTURE.  STATION  23 

AERIAL  TRAMWAY 

SALINE  VALLEY  SALT  COMPANY 

Fig.    15. 

the  stations  so  that  there  would  be  a  constant  difference  in  their  suc- 
cessive elevations.  It  is  readily  seen  that  this  constant  difference  in 
elevation  imposes  practically  the  same  stresses  on  the  traction  ropes  of 
each  section.  The  only  feature  that  is  not  constant  is  the  friction 
developed  by  the  moving  carriages  on  those  sections  which  are  not  of 
equal  length  and  consequently  do  not  support  the  same  number  of 
carriers. 

Unfortunately,  experience  has  shown  that,  irrespective  of  the  con- 
stancy of  tension  in  two  traction  ropes  in  service,  they  do  not  maintain 
precisely  the  same  diameter.  Accordingly,  friction  grips  which  have 
been  designed  so  as  to  maintain  a  uniform  closure  when  adjusted  to 
hold  satisfactorily  on  the  larger  of  the  traction  ropes  will  slip,  all  other 
conditions  being  constant,  when  attached  to  the  second  traction  rope. 
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By  this  criterion  it  was  necessary  to  abandon  consideration  of  the  well- 
known  Webber  grip  for  this  service.  The  use  of  either  the  Bleichert 
overhead  or  underhung-  automatic  grips  was  taken  under  advisement. 
The  screw  grip,  such  as  Pohlig  uses,  was  unsatisfactory  because  of  the 
acceleration  required  to  close  the  gripping  lever,  which  moves  in  a 
plane  parallel  with  the  direction  of  motion ;  also  because  of  the  great 
difficulty  in  maintaining  a  proper  limit  for  the  throw  of  the  closing 
lever  when  operating  on  ropes  of  different  diameters  so  as  to  engage 
the  detacher  properly  instead  of  under-running  it,  an  accident  which 
happens  frequently  on  multiple-section  lines  where  this  grip  is  used. 
The  overhead  grip  was  eliminated  from  further  consideration  because 
the  extreme  tension  of  the  traction  rope  in  passing  through  structures 
on  the  crests  promoted  the  overturning  tendency  of  the  carriers, 
especially  those  on  the  empty  side.  The  underhung  Bleichert  grip  was 
not  used  on  account  of  the  serious  doubts  entertained  concerning  its 
holding  powers  on  grades  as  steep  as  86  per  cent.  This  grip  is  operated 
by  the  weight  of  the  load  acting  on  the  movable  jaw.  On  steep  gradi- 
ents the  gripping  power  is  materially  reduced.  The  high  price  of  the 
grip  and  carriage  of  this  type,  as  compared .  with  others,  was  also  a 
considerable  factor  when  it  is  recalled  that  286  carriers  were  needed 
for  the  equipment  of  the  line.  As  all  the  accredited  grips  then  known 
were  found  to  be  unfit  for  this  service,  it  was  decided  that  a  new  grip 
should  be  designed  so  as  to  hold  carriers  supporting  12-cu.  ft.  buckets 
loaded  with  salt  weighing  60  lb.  per  cu.  ft.  It  was  also  decided  that 
these  grips  should  be  of  the  trunnion  type,  so  that  the  loads  would  hang 
vertically  on  all  slopes;  that  the  grips  would  compensate  successfully 
without  material  loss  of  tractive  effort  for  the  different  diameters  of 
traction  ropes  found  on  the  line ;  that  the  grips  should  be  of  the  under- 
hung, top-opening  type;  and  that  they  should  be  of  moderate  cost. 

When  these  grips  were  furnished  and  the  line  was  operated,  it  was 
found  that  they  fulfilled  most  of  the  aims  of  the  design,  but.  owing  to 
the  great  variation  in  the  weight  of  the  salt  and  the  consequent  increase 
in  drag  on  the  grip,  some  of  them  failed  by  slipping  on  the  extreme 
slopes.  In  other  words,  the  requirement  for  the  constant  adjustment 
of  grips  was  too  great  a  hazard  to  success  to  comply  with  the  severe 
specifications  imposed  by  the  engineers  of  the  American  Steel  and 
Wire  Company,  who  ruled  that,  because  of  their  uncertain  performance 
when  handling  the  heaviest  loads  possible,  they  must  be  replaced.     This 
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cuuclusioii  was  reached  only  after  a  considerable  lapse  of  time  from 
the  date  of  arrival  of  the  first  bucket  of  salt  at  the  discharge  terminal, 
the  reason  being  that  the  Salt  Company  experienced  grave  financial 
difficulties  which,  for  about  2  years,  prevented  running  the  tramway 
in  accordance  with  the  contract. 

Finally,  the  American  Steel  and  Wire  Company  voluntarily  took 
over  the  operation  of  the  line  at  its  own  expense,  so  as  to  determine 
what  defects,  if  any,  existed,  and  what  replacements  should  be  made. 
As  a  result  of  this  investigation,  a  new  grip,  called  the  Universal  Wico, 
was  perfected,  which  has  demonstrated  its  fitness  for  the  duty  required. 
It  is  designed  in  strict  accordance  with  the  specifications  previously 
outlined,  and  has  sufficient  gripping  power  on  the  traction  rope  to 
handle  safely  on  the  steepest  grades  a  carrier  loaded  to  its  utmost 
capacity  with  the  heaviest  salt  plus  the  weight  of  a  line  rider.  It  has 
the  additional  property  of  requiring  a  very  light  force  on  the  closing 
lever,  and  is  free  from  all  jars  so  common  to  other  forms  of  grips,  due 
to  the  elasticity  imparted  to  its  action  by  the  floating  pivot  of  the 
closing  lever.  The  grip  requires  about  40  lb.  on  this  lever  to  close  it. 
As  the  carrier  has  to  be  attached  and  detached  five  times  during  the 
passage  from  the  loading  to  the  discharge  station,  the  troubles  inci- 
dent to  these  operations  are  five  times  as  great  as  those  on  single-section 
lines,  the  usual  form  of  the  great  majority  of  aerial  tramways.  In 
making  a  round  trip  on  this  line  the  carriers  travel  more  than  26  miles, 
and  a  special  lubricating  system  was  attached  to  them  so  as  to  pro- 
vide an  adequate  supply  of  oil  for  the  wheels  and  pins. 

Section  I  is  exceptional.  From  the  loading  terminal  to  Structure 
4,  a  distance  of  13  550  ft.,  the  line  crosses  a  gradually  rising  mesa 
which  serves  as  a  fillet  between  the  flat  bottom  of  the  valley  and  the 
abrupt  escarpments  of  the  fault  cliffs  of  the  mountain.  From  Struc- 
ture 4  onward,  the  line  rises  800  ft.  with  great  abruptness.  It  is  evi- 
dent that  in  hauling  carriers  up  a  line  of  this  contour  the  track  cables 
and  traction  rope  must  be  arranged  so  that  the  latter  will  never  carry 
sufficient  tension  to  cause  it  to  rise  above  the  track  cables.  Such  a 
condition  would  be  disastrous,  as  the  carriers  would  be  derailed.  After 
careful  computations,  the  tensions  were  determined  so  that  this  sec- 
tion operates  perfectly. 

Control  Station  No.  7  is  unique  in  that  it  is  equipped  with  driving 
mechanism,   tension   sheaves,  guide  sheaves,   and  a  horizontal   angle; 
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and  the  ends  of  the  building  are  developed  into  a  pronounced  rail 
structure. 

Control  Station  No.  15  is  also  equipped  with  driving  mechanism, 
and  presents  a  reverse  vertical  curve  in  profile. 

The  summit  is  imusual  in  that  Sections  III  and  IV  are  controlled 
from  this  point,  both  driving  sheaves  being  mounted  on  the  same  shaft. 
(Fig.  16.)  Therefore  the  power  developed  by  the  descending  loads  on 
Section  IV  assists  in  raising  those  on  Section  III. 

As  the  carriers  are  being  lifted  on  Sections  I,  II,  and  III,  there  is 
a  possibility  of  the  line  reversing  its  direction  of  motion,  due  to  the 
unbalanced  weight  of  the  carriers  on  the  loaded  and  empty  sides. 
Accordingly,  each  of  these  stations  is  equipped  with  a  reverse  preventer. 
This  device  consists  of  a  large  circular  plate  fitted  with  shoes  contain- 
ing ball  races  under  the  control  of  a  centrifugal  governor.  When  the 
governor  is  up  to  speed,  the  balls  are  restrained  so  that  the  plates  run 
freely.  When  the  line  stops,  the  balls  immediately  nip  the  plate,  and 
a  reversal  of  motion  is  prevented. 

Station  29  is  also  equipped  with  a  reverse  preventer  to  stop  a  retro- 
grade motion  of  the  line  in  case  it  is  loaded  with  ''back"  freight  des- 
tined for  Saline  Valley. 

The  drives  of  these  stations  are  similar,  except  that  at  the  summit 
two  sheaves  are  mounted  on  the  same  shaft,  as  before  mentioned.  They 
consist  of  an  8-ft.  grip  sheave  bolted  to  a  brake  run,  7  ft.  2  in.  in 
diameter,  with  a  12-in.  face,  and  this,  in  turn,  carries  an  8-ft.  spur 
gear.  The  latter  is  driven  by  an  18-in.  pinion  mounted  on  a  shaft 
fitted  with  a  friction  clutch  belted  to  a  75-h.p.,  Allis-Chalmers,  3-phase, 
2  200-volt,  induction,  motor.  On  Section  V  this  motor  acts  as  a  dynamic 
brake,  instead  of  a  driver.  A  grip  sheave  is  one  which  carries  a  special 
rim,  in  which  there  are  about  ninety-six  pairs  of  toggle  jaws. 
These  jaws  are  held  open  by  gravity  or  by  a  special  flat  spring. 
When  the  traction  rope  passes  around  the  sheave,  the  pressure  developed 
on  the  bottom  of  the  groove  of  these  jaws  is  sufficient  to  cause  them  to 
close  and  grip  the  rope  tightly.  This  action  increases  the  friction 
between  the  sheave  and  the  traction  rope,  thereby  greatly  promoting 
its  efficiency. 

The  brakes  are  of  the  compound  differential  type,  and  are  actuated 
by  hand-wheels  and  screws;  this  method  ensures  that  they  will  be 
applied  gradually  during  an  appreciable  interval  of  time,  so  that  the 
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line   will   not  be   wrecked   because   of   sudden   stoppage,   as   would   be 
likely  to  occur  with  solenoid  brakes. 

The  carriers  are  of  special  design,  in  that  the  hangers  are  made 
longer  than  is  standard,  so  as  to  provide  proper  clearance  between  the 
traction  rope  guide  rollers  used  in  the  rail  structures  on  the  ridges 
running  transversely  to  the  location  of  the  tramway. 


72  dia.  I  20  Face 
CreasoD  Friction 
Olulob  Pulley 
ELEVATION 

Fig.  16. — Part  of  Station  20,  Showing  Drives  for  Sections  III  and  IV. 
Owing  to  the  extreme  length  of  the  line,  it  was  necessary  to  cover 
the  salt  in  order  to  protect  it  from  contamination  due  to   dust  and 
grease  which  might  drop  from  the  track  cable.     To  obviate  the  neces- 
sity of  removing  this  cover  whenever  the  bucket  is  dumped,  the  latter 
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is  cylindrical,  and  revolves  about  its  trunnions  independently  of  the 
cover.  Owing  to  the  vibration  of  the  carrier  in  passing  through  such 
a  great  number  of  stations  and  structures,  it  was  necessary  to  provide 
a  very  positive  keeper  to  hold  the  bucket  latch  in  place.  In  the 
locality  contiguous  to  the  tramway  site  there  are  winds  of  great 
violence,  promoted,  no  doubt,  by  the  high  temperature  in  the  valley 
and  the  cooled  air  of  the  summit.  If  the  covers  of  the  buckets  were 
not  properly  restrained,  these  hurricanes  would  blow  them  bodily 
through  the  hangers ;  therefore  it  was  imperative  to  design  a  dependable 
latch  to  hold  the  covers  in  place. 

The  control  stations  are  equipped  with  telephones,  thus  permitting 
ready  communication  from  one  end  of  the  tramway  to  the  other.  The 
line  riders,  who  are  responsible  for  the  oiling  of  the  traction  rope  rollers 
and  the  track  cables  of  the  several  sections,  are  provided  with  line 
'phones  which  can  be  attached  to  the  wires  conveniently,  thus  per- 
mitting conversation  with  any  of  the  stations  from  points  along  the 
line.  There  is  also  a  bell  signal  system  for  use  in  those  operations 
where  conversation  is  not  required. 

The  electrical  transmission  line  is  of  the  usual  pole  construction, 
carrying  copper  wires  for  a  3-phase  circuit.  The  voltage  is  33  000. 
The  transformer  stations  are  of  the  out-door  type,  and  the  voltage  is 
stepped  down  from  33  000  to  2  200  for  use  in  the  motors  of  the  driving 
stations. 

The  crew  consists  of  two  men  each  at  the  loading  and  discharge 
terminals,  as  well  as  at  Stations  7,  15,  20,  and  29.  In  addition  to 
this  crew,  four  line  riders  are  required  to  keep  the  track  cables  and 
the  traction  rope  rollers  and  guide  sheaves  in  the  structures  and  towers 
in  perfect  condition.  There  is  also  a  foreman  who  exercises  a  general 
supervision  of  the  line.  The  cost  of  labor  and  power  for  salt  trans- 
ported is  4.6  cents  per  ton-mile. 

Several  methods  of  gathering  the  salt  have  been  tried  with  indif- 
ferent success.  At  present  the  plan  is  to  flood  the  salt  field  by  manipu- 
lating the  water  which  is  piped  from  the  springs.  This  fresh  water 
dissolves  the  salt  rapidly.  If  the  supply  of  fresh  water  is  then  stopped, 
the  evaporation  caused  by  the  summer  sun  is  excessive,  and  pure  salt 
crystals  gather  in  the  brine.  These  crystals  resemble  flat  plates,  and 
are  easily  shoveled  into  conical  piles  about  2  ft.  high  and  3^  ft.  in 
diameter  at  the  base.     Each  pile  is  assumed  to  contain  from  400  to 
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500  lb.  The  piles  are  arranged  in  rows  approximately  12  ft.  apart, 
the  spacing  between  the  piles  being  G  ft.  Mexican  labor  is  found  to 
be  most  satisfactory  in  gathering  the  salt,  and  each  man  is  supposed 
to  pile  from  8  to  10  tons  per  day.  Theoretically,  the  salt  remains  in 
piles  until  the  brine  has  drained.  As  the  mother  liquor  contains  the 
majority  of  the  impurities  which  might  possibly  contaminate  the 
salt,  this  step  is  additional  insurance  of  its  purity.  However,  the  salt 
does  not  drain  freely,  but  remains  damp  for  a  considerable  time.  When 
the  salt  is  gathered,  a  buggy  of  a  special  type  is  used.  These  vehicles 
are  of  galvanized  iron  and  have  a  channel-like  cross-section  of  body. 
Owing  to  the  field  being  soft,  the  rear  wheels  are  20  in.  in  diameter 
and  have  a  12-in.  face.  The  front  wheels  are  16  in.  in  diameter  and 
have  a  4J-in.  face.  The  bed  is  3  ft.  wide,  8  ft.  long  and  6  in.  deep. 
The  axles  are  attached  rigidly  to  the  body,  so  that  curves  are  turned 
by  slipping  the  front  wheels.  These  buggies  carry  from  500  to  1  000 
lb.  of  salt,  and  are  hauled  across  the  field  by  a  f-in.  cable  operated  by 
a  gasoline  engine.  At  the  dumping  point  the  wagons  are  pulled  up 
an  inclined  plane  until  they  assume  an  angle  of  approximately  44°, 
at  which  slope  the  wet  salt  slides  freely  into  a  hopper  above  a  car 
which  has  a  body  30  in.  wide,  4  ft.  6  in.  long,  and  approximately  30  in. 
high.  The  bottom  of  this  car  is  hoppered  both  ways  at  an  angle  of 
45°,  so  that  the  sides,  instead  of  the  ends,  are  used  for  doors.  These 
cars  are  operated  on  a  double-track  railway,  about  ^  mile  long,  by  an 
endless  rope  haulage  system  operating  at  a  speed  of  200  ft.  per  mm. 
A  10-h.  p.  gasoline  engine  will  move  seven  loads  and  seven  empties 
on  these  tracks.  The  cars  dump  into  a  boot  serving  a  drag  conveyor 
which  elevates  the  salt  to  a  point  sufficiently  high  to  command  the 
50-ton  bins  at  the  loading  terminal.  Here  the  tramway  buckets  are 
filled  by  a  lever  chute  of  the  ordinary  type.  The  buckets  are  dispatched 
from  the  loading  terminal  at  the  tap  of  an  automatic  spacing  gong. 
The  rate  established  is  fifty-six  buckets  per  hour. 

The  tramway  has  carried  material  continuously  at  the  rate  of  23 
or  24  tons  per  hour,  and  is  an  unqualified  success.  The  stations,  with 
the  exception  of  the  summit,  are  not  housed  so  as  to  permit  readily 
of  winter  operation,  but  the  line  is  designed  so  as  to  prevent  snow 
and  other  weather  conditions  from  interfering  with  its  operation. 

The  line  is  not  designed  for  passenger  service,  but  the  line  oper- 
ators  use   it   in   preference   to   going   on   horseback   over   the   rugged 
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mountain  trails.  A  ride  over  this  line  is  a  never-to-be-forgotten  expe- 
rience. Starting  from  either  terminal,  the  passenger  rises  rapidly 
to  the  summit,  with  a  change  from  the  torrid  heat  of  the  valley  to 
the  chill  of  the  mountain  heights.  The  descent  is  a  reversal  of  this 
condition,  so  that  it  is  difficult  to  dress  properly  to  be  comfortable 
throughout  the  trip. 
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Synopsis. 
The  object  of  this  paper  is  to  give  engineers  an  idea  of  the  dif- 
ference between  the  various  grades  of  wood  pipes;  to  set  forth  a  stand- 
ard set  of  specifications  for  the  assistance  of  engineers  who  have  had 
no  opportunity  to  become  versed  in  their  design;  to  safeguard  those 
who  contemplate  building  such  pipe;  and,  further,  to  remove  doubt 
from  the  minds  of  those  who  view  wood  pipe  as  one  of  the  vagaries 
of  engineering  practice  and  a  medium  to  be  resorted  to  only  in  tem- 
porary and  cheap  work.  If  it  can  be  shown  that,  to  secure  good 
results,  the  great  difference  in  the  quality  of  the  materials  used  should 
be  completely  borne  in  mind,  and  if  engineers  can  be  led  along  a 
correct  and  standard  course  in  the  design  and  in  the  selection  of 
these  materials,  this  paper  will  have  accomplished  its  object.  To  this 
end,  specifications  involving  the  latest  and  most  approved  practices  are 
given  in  the  Appendix. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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The  elements  causing  success  or  failure  in  wood  stave  pipe  are 
taken  up  step  by  step,  as  follows: 

1. — Kinds  of  wood  used, 

2. — Grade  of  lumber  used, 

3. — Method  of  curing  lumber, 

4. — Method  of  treating  lumber, 

5. — Location  of  pipe  when  built, 

6. — Size  and  spacing  of  bands, 

7. — Methods  used  in  erection,  and  quality  of  workmanship. 

The  foregoing  headings  are  discussed  as  applied  to  the  two  types 
now  in  use,  namely,  continuous-stave  pipe  and  machine-banded  pipe, 
and  a  plea  is  made  for  the  adoption  of  uniform  specifications,  dividing 
each  type  into  Classes  A,  B,  and  C. 

The  Appendix  contains  the  specifications,  for  the  two  types  and 
three  classes  of  pipes,  which  are  proposed  as  a  basis  for  adoption  by 
engineers. 


In  1898,  the  late  Arthur  L.  Adams,  M.  Am.  Soc.  C.  E.,  presented 
to  this  Society  a  paper*  entitled,  "Stave  Pipe — Its  Economic  Design 
and  the  Economy  of  Its  Use."  This  was  the  first  important  presenta- 
tion of  wood  stave  pipe  design,  and  it  brought  forth  a  great  deal  of 
discussion.  Mr.  Adams  prophesied  the  value  that  wood  pipe  would 
attain  in  hydraulic  engineering,  and  was  the  first  to  give  it  its  proper 
place  with  reference  to  cost,  life,  and  capacity.  He  placed  it  first  in 
economy  of  construction,  first  in  carrying  capacity,  and  second  only 
to  cast  iron  in  length  of  life.  These  statements  were  rather  startling 
to  most  engineers  at  that  time,  as  they  considered  his  deductions  based 
on  insufficient  data.  In  1906  Mr.  Adams  presented  another  paperf 
discussing  the  famous  pipe  of  the  Astoria  City  Water- Works.  The 
discussion  on  that  paper  gave  to  engineers  for  the  first  time  an  idea 
of  what  could  be  expected  of  wood  stave  pipe.  However,  it  was  thought 
that  a  few  more  years  must  elapse  before  the  real  economy  of  such 
pipe  could  be  determined.  This  was  conservatism,  for  which  engi- 
neers are  noted,  and  proved  to  be  a  wise  policy.  Mr.  Adams  foresaw 
the  value  of  wood  pipe,  but  experience  showed  that  all  such  pipe  could 
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not  be  placed  in  one  class.  Development  with  years  made  it  evident 
that  careful  design  and  selection  of  material  were  necessary,  without 
which  complete  pipe  failures  would  result.  The  indiscriminate  use 
of  various  woods,  which  time  showed  to  be  unfit  for  good  pipe  con- 
struction, proved  that  it  was  wise  to  make  haste  slowly. 

Though  Mr.  Adams  foresaw  the  ultimate  success  to  be  reached  by 
wood  pipe,  he  did  not  foresee  the  rapid  strides,  and  consequently  the 
hasty,  unscientific,  and  indiscriminate  use  of  all  kinds  of  materials; 
and  these  proved  totally  unsuited  for  pipe  design,  and  threatened  to 
turn  success  into  failure. 

In  various  engineering  journals,  in  recent  years,  much  space  has 
been  devoted  to  this  subject,  and  the  articles  written  have  thrown  con- 
siderable light  on  what  had  been  but  a  hazy  understanding  in  the 
minds  of  most  engineers.  The  advantages  and  disadvantages  of  wood 
stave  pipe  have  been  discussed,  but  these  discussions  have  only  led  to 
greater  confusion  and  doubt  as  to  the  best  vray  to  use  it.  Conse- 
quently, a  most  valuable  asset  to  hydraulic  work  has  been  shoved  into 
the  background  and  considered  as  a  type  to  be  used  only-  in  special 
cases. 

In  all  the  discussions  it  is  noticeable  that  there  are  no  references 
to  cases  where  wood  stave  pipe  has  been  constructed  or  operated  suc- 
cessfully, or  unsuccessfully,  for  a  number  of  years.  Actual  cases 
where  it  has  been  in  service  long  enough  to  give  an  idea  of  its  dura- 
bility are  wanted  by  engineers.  With  this  information,  they  can  give 
some  assurance  that,  if  such  pipe  is  used,  it  is  the  proper  construction. 

In  most  of  the  articles  referred  to,  statements  like  the  following 
are  the  general  rule:  ''Experience  shows  that  staves  must  be  com- 
pletely and  continuously  saturated,  and  that  intermittent  or  partial 
saturation  leads  to  decay;"  "a  stave  pipe  is  extremely  short-lived,  even 
when  made  of  the  very  best  selected  wood,  under  partial  saturation, 
especially  in  warm,  humid  atmospheres."  Warm,  humid  atmospheres 
are  often  encountered  in  localities  in  which  engineers  may  have  wood 
pipe  under  advisement,  and  conditions  of  partial  saturation  or  drying 
out  of  the  pipe  during  a  portion  of  each  year  are  often  unavoidable. 
Such  statements,  therefore,  are  misleading,  as  the  general  impression 
is  that  favorable  conditions  for  vpood  pipe  are  few,  and,  under  all  other 
than  favorable  conditions,  it  will  probably  be  short-lived.     This  is  not 
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true  of  well-designed  wood  pipe,  and  especially  does  it  give  a  false  idea 
of  its  usefulness  when  made  from  the  proper  materials. 

A  few  cases  that  contradict  the  general  impression  regarding  such 
pipe  under  conditions  of  intermittent  flow  and  partial  saturation  are 
well  illustrated  by  the  following: 

1. — Supply  line  of  the  Utah  Lake,  Land,  Water,  and  Power  Com- 
pany, at  Mt.  Nebo,  Utah.  A  half  pipe  or  flume  and  a  48-in.  pipe  built 
in  May,  1893.  Intermittent  and  partial  flow  during  a  few  months  of 
the  year.  At  maximum  flow  under  70  ft.  head.  Pipe  entirely  above 
ground,  and  for  part  of  the  way  bracketed  against  a  rock  cliff,  with 
exposure  to  the  south  and  the  full  heat  of  the  sun.  Inspection  in 
October,  1914,  showed  pipe  to  be  without  decay.    Clear  redwood  staves. 

2. — Discharge  line  from  sugar  factory  of  Los  Alamitos  Land  Com- 
pany, Los  Alamitos,  Cal.  Mr.  H.  C.  Lawrence,  Chief  Engineer.  Built 
in  1902.  Used  only  for  4  months  of  the  year.  Discharge  for  refuse 
from  factory;  operating  under  no  pressure.  Mr.  Lawrence  states  that 
the  line  is  in  very  good  condition;  a  few  bands  show  corrosion,  and  a 
good  many  have  been  replaced.  He  estimates  that  the  pipe  will  have 
a  life  of  50  years.     Clear  redwood  staves. 

3. — Sewer  for  Palo  Alto,  Cal.  Built  in  1898.  Continuous  flow 
from  one-half  to  three-quarters  full.  Pipe  extends  across  salt  marshes 
bordering  San  Francisco  Bay;  exposed  at  low  and  covered  at  high  tide. 
Portions  of  line  buried  completely,  half  buried  part  of  the  way,  and 
remainder  exposed  on  the  surface.  Edwin  Duryea,  M.  Am.  Soc. 
C.  E.,  in  his  discussion  on  Mr.  Adams'  paper  of  1906,  stated  that  this 
pipe  showed  not  the  slightest  decay,  though  the  bands  had  corroded 
badly.  Air  exjjosure.  contact  with  the  humus  in  the  soil,  saline  soil, 
and  partial  saturation  only,  seem  to  have  had  no  bad  effect  on  the  pipe, 
which  is  to-day  in  perfect  condition  and  operating  continually.  A 
portion  of  the  line  buried  in  sandy  soil  had  to  be  repaired  a  few  years 
ago,  some  of  the  top  staves  requiring  replacing,  due  probably  to  the 
sandy  soil  drawing  out  what  little  saturation  these  staves  received. 
Clear  redwood  staves. 

4. — Water  supply  pipe  line  for  San  Diego  and  Coronado,  Cal. 
Built  in  July,  1900.  13  550  ft.  of  40-in.  and  26  300  ft.  of  36-in.  carry 
water  from  Otay  Dam  to  these  cities.  Maximum  pressure,  295  ft.; 
minimum,  150  ft.     Pipe  buried  for  entire  distance  in  alkali  flats,  but 
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above  ground  where  several  deep  ravines  are  crossed  on  trestles. 
Examination  by  writer  in  1916  showed  staves  to  be  in  perfect  condi- 
tion. Mr.  O.  D.  Fees,  Superintendent  in  charge  of  line  during  con- 
struction, accompanied  the  writer,  and  stated  that  the  wood  was  con- 
siderably harder  than  when  first  put  in.  It  is  quite  possible  that 
solubles  carried  in  the  water  have  entered  and  have  been  deposited  in 
the  pores  of  the  wood.    This  is  redwood  pipe. 

5. — Leaching  tanks  in  the  plant  of  the  Krieg  Tannery,  San  Fran- 
cisco. Built  in  1859.  A  number  of  tanks  above  ground  leaching  into 
those  below  ground.  Removed  in  January,  1914,  found  to  be  in  per- 
fect condition,  replaced,  and  laow  in  service.     Redwood  staves  used. 

6. — A  redwood  flume  built  in  1888  for  the  Cuyamaca  Water  Com- 
pany, San  Diego,  Cal.,  has  much  of  its  original  lumber  in  place  to-day. 

7. — Two  32-in.  inverted  siphons,  one  20  and  one  15  years  old,  in 
the  line  of  the  Yakima  Valley  Canal  Company,  North  Yakima,  Wash., 
which  operates  during  the  summer  only,  showed  tapered  ends  of 
staves  in  upper  part  decayed  when  the  pipes  were  torn  out  to  be 
replaced  by  a  48-in.  line  to  increase  the  capacity.  Redwood  staves 
were  used  in  all  three  pipes. 

The  writer's  criticisms  of  the  articles  relating  to  wood  pipe  will 
have  to  be  modified  because  of  the  recent  publication*  of  a  paper  by 
D.  C.  Henny,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer  for  the  United 
States  Reclamation  Service.  In  this  paper  Mr.  Henny  made  the  first 
attempt  to  segregate  the  various  types  and  grades  of  wood  pipe.  He 
presents  valuable  data  as  to  what  can  be  expected  of  the  average  wood 
pipe,  made  from  various  materials,  and  operating  under  various  con- 
ditions. 

The  discussion,  however,  should  be  carried  still  further,  and  the 
facts  regarding  manufacture  and  design  that  will  give  the  pipe  the 
expected  life  should  be  investigated  and  presented,  so  that  engineers 
can  determine  intelligently  the  type  that  will  best  fulfill  their 
conditions. 

Wood  pipe  is  too  often  classed  as  a  whole,  irrespective  of  the 
material  from  which  it  is  made,  no  attention  being  given  to  the  fact 
that  there  is  as  much  difi^erence  between  the  various  makes  as  between 
cast-iron  and  steel  pipe,  in  fact,  more.     It  is  quite  possible  to  make  a 

*  In  the  Reclamation  Record. 
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run  of  steel  or  iron  with  identical  quantities  of  impurities,  thus  obtain- 
ing practically  uniform  products.  Wood,  on  the  other  hand,  is  the 
most  variable  material  known  to  the  structural  engineer,  and  is 
acknowledged  as  such.  Yet  in  discussing  wood  pipe,  no  distinction 
is  made  as  to  quality,  which  depends  on  the  kind  of  lumber  used  in 
the  staves. 

On  work  of  any  magnitude,  where  prominent  engineers  are  con- 
sulted, conduits  are  generally  chosen  after  deep  study,  and  the  results 
usually  prove  worth  the  expense  of  expert  investigation.  There  are 
countless  conduits,  however,  throughout  the  United  States,  where 
cheapness  has  superseded  economy,  and  the  resulting  failures  have 
shaken  the  faith  in  the  type.  Wood  pipe  has  suffered  the  most.  The 
many  conduits  with  staves  of  inferior  wood  and  poor  manufacture 
have  made  engineers  and  others  skeptical  of  this  type  of  construction. 

Wood  pipe  of  the  stave  variety — and  this  is  the  only  type  con- 
sidered to-day — was  primarily  a  product  of  the  West,  although  first 
invented  and  built  in  the  New  England  States.  The  high  freight 
rates  on  steel  (which  had  to  come  from  the  East)  made  steel  pipes  very 
expensive,  and  the  large  quantities  of  timber  available  in  the  West 
made  the  use  of  wood  an  economical  necessity.  To  build  stave  pipe, 
timber  must  first  be  available,  and  then  the  proper  machinery  to  mill 
the  staves,  otherwise,  it  would  not  pay  to  use  this  type,  except  in  those 
few  cases  where  large  installations  warrant  the  cost  of  erecting  ma- 
chinery to  mill  the  staves.  Companies  with  timber  holdings  and  mills 
of  their  own  were  naturally  in  the  best  position  to  manufacture  such 
pipe.  As  a  consequence,  this  business  drifted  into  their  hands,  and 
they  undertook  it  merely  to  sell  lumber,  only  a  few  companies  being 
formed  to  construct  such  conduits. 

To-day  it  is  possible  for  individuals  to  obtain  materials  and  bid  on 
wood  stave  pipe  contracts,  and  such  work  is  often  undertaken  at 
absurdly  low  figures  in  competition  with  experienced  companies, 
which,  knowing  their  business,  are  unable  to  secure  the  work  except 
at  a  heavy  loss.  The  successful  bidder  does  the  work  to  the  best  of 
his  ability,  but,  as  the  building  of  continuous-stave  pipe  requires  years 
of  experience,  he  loses  money,  the  pipe  manufacturers  are  unable  to 
keep  in  the  business,  and  the  purchaser  secures  a  pipe  that  never  proves 
a   success.     It  is  the   duty   of   the   engineer   to   protect  his   employer 
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against  such  conditions,  and  to  do  so  he  must  be  fortified  with  good 
specifications  and  must  enforce  compliance  with  them. 

The  elements  causing  success  or  failure  in  wood  stave  pipe  include : 

1. — Kinds  of  wood  used, 

2. — Grade  of  lumber  used, 

3. — Method  of  curing  lumber, 

4. — Method  of  treating  lumber, 

5. — Location  of  pipe  when  built, 

6. — Size  and  spacing  of  bands, 

7. — Methods  used  in  erection,  and  quality  of  workmanship. 

Redwood,  fir,  cypress,  and  pine  are  in  general  use,  and  make  pipes 
of  different  characteristics.  The  pipe  is  also  affected  by  the  sap,  pitch, 
or  knots  in  the  staves.  The  method  of  curing — kiln  or  air-drying — 
also  influences  the  quality.  Treating  lumber  with  creosote,  or  surface 
painting,  also  affects  the  final  result.  The  location  determines  to  a  cer- 
tain extent  the  type  of  pipe  to  be  chosen,  and  the  size  and  spacing  of 
the  bands  and  the  methods  used  in  erection  make  a  first-class  or  a  use- 
less pipe  out  of  the  materials  available.  If  an  engineer  knows  only  the 
general  methods  of  construction,  and  not  the  fine  points,  he  cannot 
build  a  wood  stave  pipe  line  as  well  as  a  company  which  has  had  years 
of  experience,  and  is  likely  to  have  trouble. 

A  discussion  of  the  merits  or  demerits  of  such  construction  is 
misleading  unless  based  on  a  clear  specification.  It  is  known,  of  course, 
that  wood  pipe  kept  constantly  saturated  will  last  indefinitely,  but,  as 
such  cases  are  not  always  found,  one  must  consider  what  will  happen 
under  other  conditions.  Fir  and  pine  are  pitchy  woods,  and  it  is  im- 
possible to  obtain  commercial  run  limiber  without  sap,  pitch,  pitch 
seams,  pitch  pockets,  and  knots.  Under  conditions  of  partial  satura- 
tion, this  lumber  will  not  last,  and,  even  with  saturation,  the  pitch 
and  sap  will  be  the  cause  of  deterioration.  Most  failures  are  attribu- 
table to  this  fact.  There  are  conditions  under  which  fir  or  pine  will 
have  a  long  life  and  give  perfect  satisfaction.  For  instance,,  erected 
on  cradles,  allowing  the  air  to  circulate  freely  around  it,  pipe  will  give 
satisfaction  if  the  climate  is  dry,  so  that  mosses,  etc.,  caused  by  damp- 
ness, do  not  accumulate  on  the  exterior.  Pipe  under  heavy  pressure 
in  compact  soil  will  last  indefinitely.  Mr.  Henny  has  given  the  follow- 
ing tabulation : 
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Wood.                                                Condition.  Years. 

Fir Uncoated,  buried  in  tight  soil 20 

"   "  "         "    loose     "   4-7 

"   "  in    air 12-20 

Redwood .  .         "  buried  in  tight  soil,  loam, 

sand,  and  gravel (More  than  25) 

Fir Well-coated,  buried  in  tight  soil.  . .  25 

"   "  "  "         "   loose     "...  15-20 

Cypress  makes  a  most  excellent  and  durable  pipe,  and  is  the  only 
competitor  of  redwood  with  reference  to  length  of  life  and  endurance 
under  alternately  wet  and  dry  conditions.  If  cypress  is  selected  to 
eliminate  sap,  it  probably  is  as  long-lived  as  redwood;  at  least,  it  is 
near  enough  to  avoid  discussion.    The  disadvantages  of  cypress  are : 

First,  the  quantity  of  standing  timber  is  extremely  limited,  and  it 
is  estimated  by  conservative  lumbermen  that  all  the  commercially  avail- 
able cypress  will  be  cut  during  the  next  10  years.  Thus,  those  who  have 
cypress  are  constantly  raising  their  prices  to  correspond  with  the  ad- 
vancing rise  of  stumpage. 

The  second  disadvantage  is  in  the  wood  itself.  It  grows  in  swamp 
land,  and  the  butts  of  the  trees  are  usually  under  water.  A  cypress 
tree  is  the  product  of  four  or  five  small  trees  growing  together.  The 
result  is  that  the  sap  does  not  come  as  it  does  in  redwood,  entirely 
around  the  circumference  of  the  tree,  extending  inward  only  2  or  3 
in.,  but  it  occurs  throughout  the  clear  part  of  the  log,  in  streaks  or 
strips.  It  is  common  to  see  clear  cypress  with  yellow  sap  streaks  run- 
ning through  the  center  at  intervals  of  about  4  in.  This  has  brought 
about  the  peculiar  condition,  that  cypress  has  a  grade  higher  than  clear, 
and  (the  writer  believes)  is  the  only  lumber  which  is  thus  graded. 
"Tank"  grade  is  the  highest  in  cypress,  and  contains  knots  but  elim- 
inates sap.  Cypress  knots  are  smaller  and  harder  than  those  of  red- 
wood, and  are  not  as  detrimental. 

It  is  extremely  difficult  to  get  cypress  for  pipes,  because  of  the  sap, 
and,  where  sap  is  eliminated,  the  price  of  the  wood  is  so  high  that  it 
cannot  compete.     Cypress  pipes  are  rare. 

Redwood  is  the  best  known  material  for  wood  pipe,  and  its  longevity 
is  excelled  only  by  cast  iron.  The  acid  or  other  peculiar  constituent  of 
this  wood  acts  as  a  preservative  or  micro-organism  destroyer,  and  pro- 
tects and  preserves  it. 
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The  cases  of  redwood  pipe  already  cited  illustrate  its  adaptability, 
whether  laid  on  the  surface  of  the  ground,  partly  or  completely  burled, 
or  run  through  salt  marshes  or  tropical  swamps  in  direct  contact  with 
the  soil  humus.  Direct  exposure  to  the  rays  of  the  desert  sun,  and 
alternate  wetting  and  drying,  when  the  pipe  is  used  intermittently  in 
irrigation  systems,  do  not  lessen  its  efficiency. 

A  thorough  study  of  the  conditions  under  which  a  proposed  pipe 
will  operate  and  an  investigation  of  the  materials  best  suited  to  with- 
stand these  conditions,  should  be  made  before  specifications  are  written. 
These  important  points  should  be  kept  in  mind  in  order  to  insure 
specifications  that  will  cover  the  conditions  closely. 

Engineers  should  first  decide  the  nature  of  the  conduit  they  intend 
to  build;  that  is,  whether  it  is  to  be  a  permanent  structure  or  is  to  last 
only  6  or  10  years,  after  which  time  it  is  to  be  abandoned  or  replaced 
by  a  conduit  of  increased  carrying  capacity.  Then  the  nature  of  the 
local  conditions  relative  to  the  pipe  line  should  be  ascertained,  includ- 
ing climate,  humidity,  temperature,  extreme  and  average  pressure,  na- 
ture of  soil,  probability  of  the  pipe  being  buried  or  laid  on  the  surface, 
and  other  details;  and  then  specifications  for  the  materials  can  be 
written. 

There  is  great  necessity  for  uniformity  in  drafting  specifications, 
and  for  an  understanding  of  the  requirements  for  securing  pipe  that 
will  fulfill  the  needs  of  the  proposed  work.  At  present  practically 
every  piece  of  work  is  covered  by  specifications  embodying  different 
fundamentals.  This  is  most  noticeable  in  a  comparison  of  specifica- 
tions for  various  projects  of  the  Reclamation  Service.  On  some  of 
these  a  distinction  is  made  between  redwood  and  fir  pipe,  bids  being 
asked  for  coated  fir  and  uncoated  redwood;  though  in  other  projects 
no  such  distinction  is  made,  these  woods  being  placed  on  an  equal  basis. 
This  question  of  the  coating  offers  the  largest  field  for  disagreement, 
most  engineers  being  of  the  opinion  that  both  redwood  and  fir  pipe 
should  be  painted  in  order  to  obtain  good  results;  on  the  other  hand, 
many  who  have  had  experience  with  uncoated  redwood  claim  that  paint- 
ing it  is  unnecessary. 

The  thickness  of  the  staves  is  another  point  of  difference,  and  has 
been  settled  theoretically  and  practically  wdth  widely  varying  results. 
There  is  some  difference  of  opinion  as  to  the  spacing  of  bands,  depending 
on  the  assumed  factor  of  safety,  which  factor  in  turn  is  determined  by 
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the  greater  or  less  conservatism  of  the  engineer.  In  the  specifications 
for  the  staves  is  found  the  greatest  divergence,  and  without  justifica- 
tion. It  is  not  evident  why  pitch  and  knots  should  be  allowed  in  fir 
and  not  in  redwood  staves.  Another  objectionable  feature  in  some 
specifications  is  the  provision  for  rigid  supervision  of  the  bands,  though 
adequate  stress  is  not  laid  on  the  requirements  for  the  shoes,  which, 
after  all,  must  be  capable  of  developing  the  full  strength  of  the  band. 
The  tongues  are  seemingly  the  smallest  item  of  continuous-stave  pipe 
construction,  but,  nevertheless,  are  by  no  means  the  least  important. 
In  machine-banded  pipe  there  is  absolutely  no  basis  for  the  present-day 
so-called  specifications. 

The  resiJt  is  that  some  pipe  lines  are  well,  and  some  poorly,  de- 
signed, the  latter  very  often  being  the  least  economical.  The  purchaser, 
paying  for  what  he  believes  to  be  the  best  type  obtainable,  secures  a 
piece  of  work  which  proves  a  failure.  These  failures  hurt  the  owner 
and  undermine  the  faith  in  such  construction.  A  great  many  engi- 
neers have  little  or  no  idea  of  how  to  design  a  wood  stave  pipe,  and 
when  it  is  necessary  for  them  to  draw  up  specifications  they  seek 
everywhere  for  information  and  acquire  and  compile  a  heterogeneous 
mass  of  data  which  are  mostly  useless. 

For  the  assistance  of  engineers  who  have  had  no  opportunity  to 
become  versed  in  wood  stave  pipe  design,  and  to  safeguard  those  who 
contemplate  building  such  pipe,  specifications  should  be  standardized. 
The  Appendix  contains  the  specifications  suggested  as  the  foundation 
for  a  standard. 

Sap  and  pitch  in  the  staves  mean  a  short  life  for  the  pipe,  as  de- 
terioration will  start  first  in  sap  wood,  pitch  seams,  or  pitch  pockets, 
and  spread  rapidly  to  the  clear  wood.  Pine  and  fir  cannot  be  secured 
commercially  without  these  defects,  and,  therefore,  are  fundamentally 
inferior  to  redwood,  in  which  absolutely  clear  staves  can  be  easily 
obtained.  At  repeated  intervals,  heavy  applications  of  some  protective 
paint  with  disinfectant  qualities  will  allay  the  danger  of  deterioration 
in  fir  and  pine,  but  proof  that  their  ultimate  life  will  equal  that  of 
redwood  has  not  yet  been  obtained. 

The  thickness  of  staves  should  next  be  considered.  Of  course,  the 
thicker  the  stave  the  better  the  pipe,  but  this  has  economical  limits.  A 
thickness  of  i  or  i  in.,  more  or  less,  should  not  be  the  subject  of  con- 
troversy between  engineers.     The  best  criterion  of  the  required  thick- 
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uess  of  staves  is  actual  experience.  Throughout  one  section  of  pipe 
there  will  be  staves  of  entirely  different  characteristics,  including  grain, 
resistance  to  percolation,  and  ease  of  penetration.  Slash  grain,  vertical 
grain,  quarter-sawed  staves,  heart  wood,  etc.,  all  have  their  influence 
on  the  thickness  required,  and,  with  such  a  great  difference  in  the 
characteristics  of  each  stave,  a  small  difference  in  thickness  does  not 
affect  the  quality  of  the  finished  pipe. 

In  designing  staves  there  is  more  than  the  thickness  to  be  consid- 
ered. Economy  is  the  other  essential  feature.  In  common  practice, 
stock  sizes  of  lumber  are  chosen  which  will  give  the  most  economical 
nimiber  of  staves  to  the  linear  foot  of  pipe.  For  instance,  for  a  36-in. 
pipe,  2  by  6-in.  lumber  is  chosen.  A  maximum  thickness  and  width  of 
stave  is  obtained  from  lumber  of  this  size  and  a  certain  number  of  feet, 
board  measure,  is  obtained  in  the  cross-section  of  the  pipe.  If  2  by 
4-in.  stock  is  chosen,  in  comparison  with  2  by  6-in.,  the  result  may  be  a 
saving  in  the  board  measure,  but  the  cost  of  erection  of  the  pipe  will 
be  increased  considerably  on  account  of  the  greater  number  of  staves 
to  be  handled.  If  2  by  8-in.  is  used,  a  saving  in  erection  is  obtained, 
but  the  greater  waste  in  lumber  offsets  the  saving  in  erection.  The 
result  is  that  2  by  6-in.  is  the  most  economical  size.  The  maximum 
that  can  be  obtained  from  this  stock  piece  is  the  thickness  to  be 
specified.  It  should  be  remembered,  however,  that  this  maximum  will 
be  less  than  that  obtained  by  laying  out  the  stave  on  paper,  showing 
it  cut  from  2  by  6-in.  stock  of  exact  dimensions.  The  stock  as  it  comes 
from  the  mills,  dry  and  ready  for  stave  manufacture,  will  probably 
measure  not  more  than  1|  by  5f-in.  Allowing  enough  for  milling,  the- 
thickness  of  the  stave  will  be  reduced.  Common  practice  and  experience- 
in  stave  milling  should  always  be  considered.  If  greater  thicknesses 
are  wanted,  a  higher  price  may  be  expected,  as  uneconomical  sizes  of 
lumber  must  be  used,  or  a  higher  price  must  be  charged  to  cover  the 
selection  of  wider  and  thicker  stock. 

The  stave  has  to  resist  the  percolation  and  the  penetration  of  the 
water.  It  should  be  sufficiently  thick  to  prevent  excessive  percolation, 
and,  at  the  same  time,  there  should  be  perfect  penetration.  It  is  diffi- 
cult to  determine  this  thickness.  If  the  staves  have  rings  showing  wide, 
alternate  spaces  of  hard  winter  wood  and  soft  summer  wood,  there  will 
be  great  danger  of  excessive  percolation,  the  water  finding  its  way  out 
through  the  soft  wood  between  the  hard  rings.     If  the  wood  is  very 


570  WOOD  STAVE   PIPE   DESIGN  '        [Papers. 

hard,  there  will  be  great  difficulty  in  the  stave  receiving  complete 
saturation,  due  to  the  absence  of  capillary  action.  A  soft  wood  will 
take  up  water  like  a  blotter,  but  a  close-grained  wood  will  effectively 
resist  percolation.  This  is  very  important  in  determining  the  lumber  to 
be  used. 

Fir  and  pine,  being  hard  woods  compared  with  redwood,  and  being 
coarse-grained,  having  wide  rings  of  hard  and  soft  wood,  enter  the 
classification  of  woods  giving  excessive  percolation,  with  slow  and  in- 
complete penetration.  This  is  caused  by  the  water  passing  rapidly 
through  the  soft  summer  wood,  appearing  in  drops  on  the  outer  surface 
of  the  pipe,  and  of  penetrating  but  slowly,  and  often  through  only  a 
fraction  of  a  stave,  along  the  hard  winter  rings.  The  result  is  a  stave 
showing  percolation  and  incomplete  penetration  at  alternate  points 
throughout  its  cross-section. 

Redwood  is  very  soft  and  celltilar,  and  pipe  made  from  clear  stock 
will  be  free  from  percolation  and  will  receive  complete  saturation,  even 
under  very  light  pressure. 

There  is  such  a  great  variation  in  the  quality,  grain,  and  degree  of 
hardness  of  even  the  same  kinds  of  woods,  that  it  is  impossible  to  secure 
a  pipe  in  which  the  penetration  and  percolation  will  be  of  the  same 
degree  in  every  stave.  In  the  same  section  of  pipe,  soft  staves  with 
good  penetration  and  no  percolation  will  be  found  adjacent  to  hard 
staves  with  poor  penetration  and  excessive  percolation.  It  is  obvious, 
therefore,  that  a  refinement  of  stave  specifications  to  the  point  of  4  or  i 
in.  more  than  a  practical  working  thickness  is  entirely  unnecessary. 

In  the  Appendix  practical  working  thicknesses  for  staves  are  given, 
and  it  is  recommended  that  engineers  give  them  their  attention  when 
drawing  up  specifications.  By  a  practical  working  thickness  is  meant 
that  which  can  be  secured  from  the  stock  sizes  of  lumber  making  up 
the  most  economical  pipe. 

The  best  selection  of  a  stave,  therefore,  is  the  result  of  experience 
with  those  thicknesses  which  give  maximum  penetration  and  minimum 
danger  of  percolation. 

It  should  be  remembered  that  fir  or  pine  staves  require  greater 
thickness  than  redwood,  in  order  to  resist  excessive  percolation,  and 
the  result  is  not  altogether  beneficial,  as  the  penetration  is  less  likely 
to  be  complete. 
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The  difference  in  required  thicknesses  of  fir  or  pine  and  of  red- 
wood staves  applies  more  particularly  to  machine-banded  pipe,  because 
the  thicknesses  for  continuous-stave  pipe  are  determined  primarily 
by  construction  conditions,  rather  than  by  reason  of  penetration  and 
percolation. 

One  objection  to  vpood  pipe  is  the  danger  that  it  may  dry  out  if  the 
water  is  drawn  off.  To  avoid  this,  the  staves  should  be  thoroughly 
dry,  so  that,  when  properly  erected  and  cinched  tight,  there  will  be 
no  leakage.  The  pipe  should  be  tight  and  stay  tight.  If  wet  staves 
are  used,  no  swelling  can  be  relied  on  for  making  a  tight  line,  and  the 
requisite  pressure  between  the  staves  to  prevent  the  passage  of  the 
water  must  be  the  result  of  cinching  the  bands.  This  is  practically 
impossible.  The  lumber,  therefore,  should  be  perfectly  dry  before 
being  used.  It  should  be  dried  by  the  natural  or  air-drying  process, 
not  by  the  forced  or  kiln-drying  process.  By  air-drying  only,  is  per- 
fect, sound,  strong  lumber  obtained.  Kiln-drying  makes  brittle  and 
lifeless  lumber.  Air-drying  requires  time,  and  as  lumber  should  be 
seasoned  for  at  least  a  year  for  the  best  construction,  a  large  stock  of 
it  should  be  available  at  all  times. 

The  old  method  of  drying  lumber  (in  Maine  and  Michigan)  was  by 
the  use  of  live-steam  kilns.  These  are  still  used  in  the  Northwest  for 
drying  fir  and  pine,  as  such  treatment  is  necessary  in  curing  pitchy 
and  sappy  woods.  The  kilns  are  large  rooms,  along  the  floors  of  which 
there  are  perforated  steam  pipes  into  which  live  steam  is  turned.  The 
lumber  placed  in  such  a  kiln  is  literally  cooked.  Redwood  when  first 
marketed  had  never  been  kiln-dried,  but  when  the  demand  became  too 
great  for  the  supply  of  air-dried  lumber  that  could  be  kept  on  hand, 
kiln-drying  was  adopted.  Redwood  treated  by  this  process  was  flinty, 
and  could  be  broken  into  splinters  over  the  knee.  Such  methods  of 
drying  are  now  being  used  by  some  of  the  redwood  mills,  but  lumber 
thus  treated  should  never  be  allowed  in  pipe  construction.  The  later 
method  of  kiln-drying  is  by  indirect  heating  with  steam.  Steam  is 
introduced  into  pipes  laid  on  the  floor  of  the  kiln,  and  air  with  a 
certain  humidity  is  admitted  into  the  kiln  at  a  given  temperature,  is 
heated  by  passing  up  around  the  steam  pipes,  and,  rising  through  the 
lumber,  removes  the  moisture.  The  air  then  passes  down  the  com- 
partments at  the  sides  of  the  kiln  where  the  water  it  contains  is 
condensed,  and  the  cooled  air  is  again  brought  down  to  the  heating 
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pipes.  A  circulation  of  air  is  thus  effected  by  which  the  lumber  is 
dried.  This  is  far  superior  to  the  old  method.  The  introduction  of 
green  lumber  into  a  kiln  and  the  forced  removal  of  the  water  causes 
a  forced  and  sudden  hardening  and  closing  of  the  pores,  checking, 
splitting,  and  rendering  the  wood  brittle.  Air-drying  is  a  natural 
seasoning,  the  slower  the  better,  and  is  brought  about  by  the  wind 
blowing  through  properly  stacked  lumber.  When  securing  lumber  for 
pipe  staves,  there  should  be  a  strict  investigation  into  the  methods  of 
drying  used  by  the  mills.  For  correct  pipe  design,  only  air-dried  lum- 
ber should  be  specified. 

In  regard  to  the  protection  of  the  staves  by  applications  of  coatings 
of  paint  or  disinfectant,  little  of  value  can  be  cited.  Many  claims  are 
made  for  the  benefits  derived  from  various  coatings,  but  sufiicient  data 
are  yet  lacking  for  reliable  conclusions.  It  is  certain  that  such  protec- 
tion increases  the  life  of  fir,  pine,  or  other  woods  containing  sap  and 
pitch,  but  its  merits  on  a  redwood  pipe  have  not  yet  been  proved. 
Though  imcoated  fir  and  pine,  except  under  conditions  of  complete  and 
continued  saturation,  have  proved  short-lived,  similar  pipes  coated 
with  a  mixture  of  tar  and  asphaltum  have  given  far  better  service,  and 
in  many  cases  appear  to  be  in  perfect  condition.  More  than  this  is 
not  known.  The  oldest  lines,  on  the  other  hand,  made  of  redwood, 
have  never  been  coated  with  any  protective  coating,  and  are  still  in 
perfect  condition. 

A  coating,  to  be  effective,  should  be  applied  diligently  and  often. 
At  least  two  coats  should  be  applied  primarily,  by  conscientious  work- 
men or  by  some  pneumatic  process.  As  in  all  painting,  the  personal 
equation  of  the  workman  is  75%  of  the  job.  A  coatina^  of  at  least  -^^ 
in.  should  be  the  result  of  the  first  painting,  and  repeated  examination 
should  be  made  of  the  line,  and  the  pipe  painted  every  year  or  so. 

Steel  bands  can  be  obtained  to-day  from  practically  all  the  large 
steel  mills.  These  bands  are  manufactured  according  to  standard 
specifications;  if  other  specifications  are  used  the  cost  is  greatly  in- 
creased, and  very  often  it  is  practically  impossible  to  obtain  them. 
Engineers  should  bear  this  in  mind,  as  they  will  save  the  pipe  con- 
structors much  trouble  and  the  purchaser  much  needless  expense  by 
using  the  standard  specifications.  The  band  commonly  used  is  of  mild, 
open-hearth  steel,  having  a  tensile  strength  of  from  55  000  to  65  000 
lb.  per  sq.  in.,  with  a  button  head  at  one  end  and  at  least  5  in.  of  cold- 
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rolled  thread  on  upset  ends  at  the  other.  The  requirements  for  pipe 
bands  are  included  in  the  standard  specifications  in  the  Appendix. 
Specifications  often  call  for  pure  iron  bands,  but,  as  pure  iron  is  made 
only  in  very  limited  quantities,  mostly  in  Norway  and  Sweden,  it  is 
evident  that  it  would  be  impossible  to  comply  with  such  specifications. 

The  size  of  the  band  steel  and  the  spacing  of  the  bands  on  the 
pipe  are,  after  all,  the  most  important  factors  affecting  the  strength  of 
the  pipe.  Common  practice  requires  the  bands  to  be  spaced  so  that 
they  will  have  a  factor  of  safety  of  four  against  breaking  due  to  ten- 
sion caused  by  the  water  pressure,  though  some  specifications  call  for 
a  factor  of  safety  of  five.  The  latter  requirement  adds  greatly  to  the 
cost  without  benefiting  the  pipe.  The  factor  of  safety  of  four  gives 
ample  protection  against  failure  under  water  pressure  through  rupture 
of  the  bands,  but  the  point  to  be  borne  in  mind  is  that  the  pipe  may 
fail  on  account  of  the  bands  sinking  into  the  wood  and  allowing  the 
longitudinal  joints  between  the  staves  to  open,  thus  causing  leaks.  The 
failure  of  the  pipe  in  bearing,  however,  in  pipe  more  than  10  in.  in 
diameter,  is  prevented  if  the  bands  are  spaced  with  a  factor  of  safety 
of  four  in  the  tension  formula.  The  two  formulas  to  be  used  in  spac- 
ing the  bands  on  the  pipe  relate  to  the  tension  in  the  bands  and  the 
bearing  of  the  bands  and  staves.  In  the  bearing  formula  the  value  to 
be  determined  by  experiment  is  the  strength  of  the  wood  in  bearing. 
This  has  generally  been  taken  to,  be  greater  for  fir  than  for  redwood, 
but  experiment  shows  that  staves  in  a  saturated  condition,  as  would 
occur  in  a  pipe  in  place,  have  practically  the  same  strength  in  bearing. 
This  approximates  a  working  stress  of  800  lb.  per  sq.  in.  If  the  spac- 
ing of  the  bands  is  checked  by  both  formulas  it  will  be  found  that  all 
pipes  more  than  10  in.  in  diameter  will  be  designed  according  to  the 
tension  formula,  and  that  the  bearing  will  be  amply  cared  for  under 
this  condition. 

In  the  design  of  every  pipe  line  there  will  be  two  or  three  sizes  of 
bands  that  may  be  used,  with  their  corresponding  spacing,  and  it  is 
necessary  to  choose  the  most  economical.  The  smaller  the  band  the 
closer  the  spacing,  and  the  closer  the  spacing  the  better  the  pipe. 
Economy  limits  this  to  a  certain  extent,  as  the  smaller  bands  cost  more 
than  the  larger  ones,  and  erection  costs  increase  with  the  number  of 
bands  handled.  A  certain  maximum  spacing  should  not  be  exceeded, 
in  good  pipe  design,  and  the  size  of  the  band  may  be  cut  down  to  hold 
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this  spacing?  to  a  minimum,  maintain  the  factor  of  safety,  and  still 
give  economical  erection.  To  hold  to  the  maximum  spacing  with  a 
large  band  wastes  metal,  but  may  be  found  to  be  most  economical  on 
account  of  the  higher  price  of  small  bands.  Erection  has  an  impor- 
tant influence  on  the  size  of  the  bands  on  light-pressure  pipe  with  the 
maximum  allowable  spacing,  because,  if  small  bands  are  used,  it  may 
be  found  impossible  to  cinch  them  tight  enough  to  prevent  seam  leaks, 
and  the  threads  on  a  great  many  bands  will  be  stripped  before  the 
staves  can  be  drawn  together  tightly  enough  to  prevent  such  leakage. 
Heavy  bands  are  required  to  draw  the  staves  together,  but  after  they 
are  in  place  the  initial  tension  in  the  bands  is  dissipated,  and  the  only 
stress  is  that  due  to  water  pressure. 

By  no  means  the  least  important  feature  is  the  design  of  the  shoes 
for  cinching  the  bands  tightly  in  place.  These  should  be  stronger  in 
body  than  the  bands,  in  order  to  develop  the  full  strength  of  the  latter. 
There  should  be  a  thorough  investigation  of  the  shoes,  and,  unless  a 
special  test  is  made,  those  that  are  standard  and  have  been  tested 
repeatedly  should  be  used.  It  is  folly  to  have  bands  spaced  with  a 
high  factor  of  safety  and  then  use  shoes  which  are  weaker  in  design 
than  the  bands  they  hold  together.  A  case  is  known  where  this  hap- 
pened, and  approximately  390  tons  of  steel  were  absolutely  wasted. 
On  some  recent  municipal  work  for  a  large  western  city  a  similar  case 
of  inferior  shoes  has  lessened  the  efficiency  of  the  conduit. 

The  tongues  prevent  the  staves  from  working  out  at  the  butt  joints, 
and  are  intended  to  form  an  effective  water  seal  where  the  staves  butt 
together.  They  are  generally  made  of  band  iron,  IJ  in.  wide,  No.  12 
or  No.  10  gauge,  or  i  in.  in  thiclmess,  cut  J  in.  longer  than  the  width 
of  the  stave  measured  along  the  slot.  This  allows  ^  in.  to  project 
into  each  adjoining  stave,  effectually  preventing  water  from  working 
around  the  joint.  When  the  pipe  is  first  cinched  up,  prior  to  rounding 
out  the  staves  to  the  true  circle,  these  tongues  are  set  farther  than  this 
■^^  in.  into  the  adjoining  staves.  Then,  when  it  is  attempted  to 
round  out  the  pipe,  that  is,  hammer  the  stave  from  the  inside  into 
proper  position,  the  tongues  will  tear  the  staves  badly,  and  decay  first 
starts  where  lumber  is  bruised  or  torn.  Contact  is  all  that  is  needed 
for  a  perfect  water  seal,  and  if  the  tongues  are  cut  ^^  in.  longer  than 
the  width,  that  is,  cut  to  allow  an  initial  projection  of  ^-^  in.  in  the 
adjoining  staves,  a  water-tight  joint  will  be  secured  with  less  damage 
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to  the  wood  during  the  rounding  out  of  the  pipe.  There  is  little  likeli- 
hood that  the  tongues  will  rust  out,  as  air  does  not  reach  them  readily; 
however,  they  are  generally  coated  with  an  asphaltic  base  paint. 

The  rod  of  the  least  diameter  that  can  be  used  on  light-pressure 
pipe,  with  maximum  spacing,  can  only  be  determined  by  experience, 
and  should  not  exceed  the  sizes  given  in  Table  1. 

TABLE  1. 


Diameter  of  pipe,  in 

Minimum  size  of  rod,  in 

Maximum 

allowable  spacing. 

inches. 

inches. 

n  inches. 

12  to    24 

W» 

10 

24  to    36 

Vie 

10 

36  to    48 

¥2 

10 

48  to    72  • 

% 

10 

72 

% 

8 

72  to    96 

S/4 

10 

96tol32 

% 

8 

132  to  144 

% 

6 

When  the  maximum  spacing  is  used,  extra  bands  should  be  placed 
over  the  butt  joints  to  reinforce  the  pipe  at  these  points.  Many  pipe 
failures  have  resulted  from  allowing  too  wide  a  spacing  as  a  maximum, 
and  such  conduits,  under  a  heavy  back-filling,  failed  by  the  arch  of 
the  pipe  collapsing.  A  maximum  spacing  of  18  in.  has  been  used,  but 
this  does  not  make  a  pipe.  A  spacing  of  12  in.  has  been  used  with 
success,  but  the  best  results  are  obtained  with  a  maximum  of  10  in. 

The  coating  for  the  bands  and  shoes  is  determined  by  the  condi- 
tions and  the  life  to  be  expected  of  the  pipe.  For  the  bands  of  fir  and 
pine  pipe  an  asphaltum  coating  is  sufficient,  as  the  bands  will  outlast 
the  staves.  On  redwood,  contrary  to  the  general  impression,  the  life 
of  the  pipe  will  invariably  be  the  life  of  the  bands.  The  life  of  the 
pipe,  therefore — or  its  economy — depends  on  the  coating  first  applied 
to  the  bands;  in  after  years  the  pipe  should  be  well  inspected  and  the 
bands  repainted  and  replaced  when  necessary.  A  coating  having  an 
asphaltic  base  is  most  commonly  used,  and  gives  perfect  satisfaction. 
Under  normal  conditions  bands  thus  coated  last  from  10  to  15  years, 
after  which  time  it  will  probably  be  necessary  to  replace  them  occa- 
sionally, although,  as  a  whole,  they  will  outlast  steel  pipe,  as  the  metal 
is  concentrated  in  a  round  band  which  presents  a  minimum  surface 
to  corrosion.  Covering  with  red  lead  is  recommended  for  severe  con- 
ditions, bands  having  been  found  as  bright  under  the  red  lead  as  when 
first  erected,  even  after  26  years'  service.     In  Central  America  coating 
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with  red  lead  is  found  to  be  well  suited  for  protection  against  the 
ravages  of  tropical  climatic  and  soil  conditions,  and  exposure  to  the 
salt  air  during  steamer  transit.  Galvanizing  may  be  used,  but,  on 
account  of  its  excessive  cost,  is  not  common.  In  the  Hawaiian  Islands 
galvanizing  is  used  exclusively,  together  with  redwood  lumber,  and 
such  design  has  been  found  to  give  practically  the  only  pipe  that  will 
stand  up  under  the  conditions  there. 

No  attempt  will  be  made  to  outline  the  best  methods  of  construct- 
ing wood  stave  pipe,  because  there  are  so  many  details  that  require 
attention  and  experience  that,  unless  an  engineer  is  familiar  with 
such  work,  he  will  do  better  by  securing  the  services  of  reliable  pipe 
constructors. 

Machine-banded  or  wire-wound  pipe  has  come  into  use  since  Mr. 
Adams  presented  his  last  paper  on  wood  stave  pipe,  and  has  found  a 
ready  market  in  the  West,  on  account  of  its  economy.  It  is  factory 
made,  in  sizes  from  2  to  24  in.  inside  diameter,  and  is  designed  for 
heads  up  to  400  ft.  The  sections  are  from  8  to  24  ft.  long,  and  have 
the  necessary  couplings  or  collars  for  connecting  them. 

Since  this  type  made  its  appearance,  some  time  ago,  there  has  been 
practically  no  improvement,  and  the  old  specifications  and  methods  of 
manufacture  are  still  followed.  In  spite  of  its  many  imperfections  in 
design  and  manufacture,  this  type  has  made  a  wide  field  for  itself, 
and  is  found  in  every  branch  of  hydraulic  work.  Unless  steps  are 
taken  to  correct  its  weaknesses,  however,  it  will  rapidly  lose  favor  on 
account  of  its  numerous  failures.  These  failures  have  not  been  alto- 
gether the  result  of  poor  manufacture,  but  have  been  due  to  an  en- 
deavor to  reduce  the  cost.  This  was  done  to  such  an  extent  that  good 
manufacture  and  design  were  impossible. 

It  is  subject  to  the  same  criticism  as  continuous-stave  pipe.  Con- 
duits of  poor  design  and  poor  material,  or  material  imsuited  for  the 
work,  have  given  the  impression  that  wood  pipe  as  a  whole  is  unsatis- 
factory and  short-lived. 

Modern  machine-banded  pipe  is  made  with  heavy  staves,  generally 
kiln-dried,  banded  with  galvanized  wire,  from  No.  6  to  No.  00  gauge, 
spaced  according  to  the  pressure.  The  wire  is  securely  fastened  to  the 
pipe  with  pressed-steel  clips  or  staples,  or  both.  Each  section  is  dipped 
in  asphalt  and  rolled  in  saw-dust,  the  asphalt  efiectually  covering  the 
wire  and  staves,  and  the  adhering  saw-dust  permitting  it  to  be  handled 
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readily.  The  sections  of  light-pressure  pipes  are  joined  with  inserted 
or  slip-joint  connections,  being  sometimes  reinforced  with  a  steel  band 
equipped  with  a  shoe  for  cinching  tight.  On  high-pressure  pipes  (gen- 
erally for  more  than  100  ft.  static  head)  collars  are  used.  These  col- 
lars are  made  in  a  manner  similar  to  the  pipe,  the  sections  being 
tapered  and  driven  firmly  into  them.  On  pipes  of  large  diameter, 
operating  under  heavy  pressure,  the  collars  have  individual  bands  fitted 
with  shoes  for  cinching.  Riveted  steel  or  cast-iron  collars,  with  or 
without  bells,  are  also  used. 

The  foregoing  describes  the  pipe  generally  made  by  all  manufac- 
turers of  this  type,  and  represents  standard  practice.  Nimierous  fail- 
ures have  rendered  the  recommendation  of  this  type  doubtful.  If 
investigations  were  made  into  the  actual  causes  of  the  failures,  the 
reasons  would  be  plain,  similar  designs  would  be  avoided,  and  there 
would  be  rigid  inspection  of  the  manufacture.  In  outlining  the  results 
of  the  methods  of  manufacture,  it  will  be  well  to  mention  the  reason 
that  fir  pipe  is  the  butt  of  the  criticism.  Fir  is  the  pipe  that  has 
failed,  the  oldest  lines  having  been  built  not  more  than  10  years,  the 
greater  number  being  of  comparatively  recent  date.  When  these  pipes 
were  made,  fir  was  chosen  as  it  was  the  cheaper  wood,  and  there  was  no 
criterion  as  to  longevity.  The  greater  number  of  failures  possibly 
originated  at  the  joints.  The  outer  edges  of  the  staves  in  the  collars, 
wlien  wood  collars  were  used,  decayed  rapidly  owing  to  the  fact  that 
fir  needs  saturation  for  preservation,  and  saturation  was  not  secured 
at  those  places.  Cast-iron  and  steel  collars  were  the  remedy,  but  have 
not  proved  successful,  owing  to  their  high  cost,  the  increased  weight, 
and  the  difficulty  of  making  tight  connections  and  plugging  leaks. 
Eiveted  steel  collars  can  be  used  to  advantage  on  fir  or  pine  pipe,  as  they 
will  last  as  long  as  the  staves,  in  which  the  sap  wood  decays  rapidly. 

Redwood  collars  of  the  individual  banded  type  are  used  for  repair- 
ing  pipes  which  have  failed  at  the  joints.  The  decayed  fir  collar  is 
cut  off,  and  the  redwood  staves  are  put  in  position  and  cinched  tight. 
This  method  requires  no  further  attention,  and  can  be  applied  suc- 
cessfully at  any  joint  where  there  is  decay.  The  wire  is  cut  away  and 
securely  stapled,  and  the  redwood  collar  is  put  in  position. 

The  use  of  the  inserted  or  slip-joint  pipe  is  not  to  be  recommended. 
Such  a  connection  weakens  the  end  of  every  section,  because  nearly 
one-half  of  the  shell  of  the  pipe  is  cut  away  to  make  the  joint.     A 
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reinforcing  rod  is  often  used  to  draw  tlie  joint  tight,  but  if  the 
male  and  female  tenons  are  eccentric,  leakage  cannot  be  avoided. 
There  is  also  great  danger  of  injury  to  the  pipe  by  handling,  before 
and  during  shipment,  as  well  as  in  laying;  the  weakened  ends  are 
not  reinforced,  and  often  split  off  with  rough  handling.  The  collar 
connection  is  to  be  preferred,  as  it  will  insure  a  better  and  stronger 
pipe,  and  the  greater  length  of  life  will  warrant  the  increased  cost. 

Most  of  the  serious  failures  have  occurred  when  the  water  has  been 
drawn  out  of  the  conduit  for  any  length  of  time;  this  has  caused  the 
staves  to  dry  out  and  the  pipe  to  fall  to  pieces.  Failures  by  the  galvan- 
ized wire  breaking,  mainly  at  the  twist  splices,  are  serious,  as  the  entire 
section  of  pipe  on  which  such  a  splice  occurs  must  be  removed. 

As  a  remedy  for  failure  by  decay,  machine-banded  pipes  are  now 
painted  or  dipped  in  a  protective  coating,  but  the  same  conditions  exist 
here  as  with  the  continuous-stave  pipe,  and  pitch  seams  and  sap  wood 
will  cause  failure,  even  in  coated  staves.  Coating  not  only  adds  to  the 
cost  of  manufacture,  but  increases  the  weight  materially.  Machine- 
banded  pipe,  being  essentially  a  factory  product,  its  cost  is  affected 
greatly  by  freight  rates,  as  shipment  from  factory  to  site  of  erection 
determines  the  economy  of  its  use  in  a  great  many  cases.  In  this  type 
redwood  has  a  distinct  advantage  over  fir  or  pine,  as  it  is  unnecessary 
to  apply  an  artificial  coating  to  preserve  the  staves;  therefore,  having 
no  coating  of  tar  or  asphalt,  and  well-seasoned  redwood  being  very  light, 
it  has  a  very  low  shipping  weight.  The  coating  often  serves  to  cover 
defects  in  material  and  manufacture.  Fir  and  pine  pipe  should  be 
inspected  rigidly  before  acceptance;  and  redwood  pipe  should  be  left 
open  to  inspection  and  thus  save  the  difference  in  weight  and  the  cost 
of  dipping.  Painting  the  wire  is  useless.  When  the  pipe  is  built  it  is 
impossible  to  be  so  careful  in  handling  that  none  of  the  paint  will  be 
scraped  off.  The  wire  exposed  in  one  spot  leaves  a  weak  place  at  which 
corrosion  may  start.  As  the  wire  is  wound  under  heavy  tension,  there 
can  be  no  protective  coating  on  it  where  it  touches  and  is  embedded 
in  the  wood;  for  that  reason  only  a  small  part  of  its  surface  is  coated. 

To  prevent  machine-banded  pipe  from  drying  out  and  collapsing, 
thorough  drying  of  the  stave  material  and  proper  winding  are  neces- 
sary. By  the  use  of  thoroughly  dried  wood,  wound  under  heavy  tension 
in  the  wire,  with  close  spacing  to  draw  the  staves  together,  securely  and 
completely,  high-grade  pipe  is  obtained.     Tests  in  winding  redwood 
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pipe  show  that  a  tension  of  25  000  lb.  per  sq.  in.  in  the  wire  embeds  it 
securely  in  the  wood  and  draws  thoroughly  dry  staves  together  properly 
without  crushing  the  fiber  under  the  wire  or  along  the  edges  of  the 
staves,  A  tongue  slightly  longer  than  the  groove  also  assists  in  making 
the  pipe  water-tight  when  exposed  to  the  sun  after  the  water  is  drawn 
off.  Exhaustive  tests  at  the  plant  of  the  Redwood  Manufacturers  Com- 
pany, at  Pittsburg,  Cal.,  showed  that  this  tension  produces  a  pipe  having 
greater  strength,  in  resisting  possible  over-loads,  than  if  wound  under 
lesser  tension,  and  that  higher  tension  crushes  the  wood  fibers.  This 
initial  tension  in  the  wire  entirely  disppears  after  winding,  and  the 
ultimate  tension  is  that  due  solely  to  the  water  pressure. 

The  secret  of  correct  manufacture  is  the  thorough  seasoning  of  the 
wood.  Such  a  pipe  can  be  laid  directly  on  the  surface  of  the  ground 
and  exposed  to  the  heat  of  the  sun  without  injury.  A  slight  tongue 
and  groove  in  the  sides  of  the  staves  prevents  their  displacement  if 
they  shrink.  This  should  occur  only  to  a  slight  extent  under  most 
severe  conditions,  if  the  staves  are  properly  dried  and  a  proper  process 
of  winding  is  used. 

Kiln-dried  wood  should  not  be  used  for  machine-banded  pipe. 
Pitch  and  sap  should  not  be  allowed,  nor  should  untreated  or  uncoated 
fir  or  pine  be  used.  Redwood  does  not  need  treatment  to  insure  a  life 
at  least  as  long  as  treated  fir  or  pine.  Fir  or  pine  pipe  should  be  sup- 
plied with  cast-iron  collars  with  bell  hubs  for  caulking.  On  redwood 
pipe  redwood  collars  may  be  used,  and  as  the  wood  does  not  rely  on 
saturation  for  preservation,  machine-banded  and  continuous-stave  col- 
lars may  be  used  to  advantage.  Inserted  joint  connections  may  be 
used,  but  will  not  give  as  good  service  as  collars. 

In  choosing  a  thickness  of  stave,  it  is  only  necessary  to  use  that 
which  will  resist  percolation  successfully  and  can  be  built  into  a  pipe. 
Staves  must  have  sufficient  thickness  to  resist  the  stress  caused  by  the 
high  tension  in  the  wire  during  the  process  of  winding.  If  they  are 
of  redwood,  there  will  be  no  danger  of  decay  within  15  to  25  years, 
which  is  the  life  of  galvanized  wire. 

For  more  than  18  months  the  writer  has  investigated  tests  of  ma- 
chine-banded pipe  made  at  the  plant  of  the  Redwood  Manufacturers 
Company,  and  the  residts  have  been  most  startling  as  well  as  gratifying. 
Continued  experiments  on  various  sizes  of  pipes  under  various  pressures 
have  shown  that  redwood  pipe  made  according  to  the  specifications  for 
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Class  A,  of  the  given  thickness  of  stave,  and  wound  with  the  stated 
sizes  of  wire,  will  be  absolutely  water-tight,  and,  if  designed  with  a 
factor  of  safety  of  four  against  the  wire  breaking  and  a  value  of  800  lb, 
per  sq.  in.  for  bearing,  it  will  withstand  successfully  a  200%  over-load 
of  the  pressure  for  which  it  was  designed.  An  8-in.  pipe,  with  a  shell 
only  \l  in.  thick,  and  wound  with  No.  8  wire  (0.162  in.  in  diameter), 
with  a  spacing  of  2|  in.  from  center  to  center,  to  withstand  a  75-ft. 
head,  has  operated  successfully  under  a  greater  head  than  200  ft. 
Further,  this  same  pipe,  wound  for  various  pressure  heads,  has  been 
connected  to  the  boiler  feed  pump,  in  the  engine-room  at  the  factory  of 
the  Redwood  Manufacturers  Company,  and  subjected  to  pressures  vary- 
ing constantly  between  15  and  75  lb.,  has  withstood,  successfully  and  is' 
still  operating  with  over-loads  as  high  as  80  lb.,  and  has  shown  no 
leakage. 

Wood  pipe  failures,  when  occurring  in  the  body  of  the  pipe,  gen- 
erally appear  first  along  the  longitudinal  seams,  which  open  up,  allow- 
ing leakage.  This  is  caused  by  the  wire  sinking  into  the  wood ;  in  other 
words,  the  bearing  between  the  wire  and  the  wood  being  destroyed,  the 
staves  move  outward  and  the  seams  open.  When  this  occurs  the  pipe  is 
a  failure.  After  such  failure  the  staves  return  to  their  normal  posi- 
tions on  release  of  the  pressure,  and  the  pipe  will  still  operate  success- 
fully under  the  pressure  for  which  it  was  designed. 

It  makes  no  difference  whether  the  thickness  of  a  stave  is  1  or  2  in.; 
after  the  outer  ^^  or  ^  in.  has  decayed,  the  staves  move  outward  and 
the  pipe  fails.  With  thin  staves,  however,  which  can  receive  more  per- 
fect saturation,  the  maximum  life  is  obtained. 

The  process  of  winding  the  wire  on  the  pipe  and  drawing  the  wood 
together  with  the  proper  tension  in  the  wire,  actually  determines  the 
thickness  of  the  staves.  If  the  latter  are  too  thin,  they  cannot  be 
drawn  into  a  firm  seat  against  each  other,  but  will  buckle;  the  limiting 
thickness  must  be  determined  by  experiment.  During  winding,  a  con- 
stant and  uniform  tension  should  be  kept  on  the  wire,  drawing  in  the 
staves  sufficiently  to  make  all  joints  absolutely  tight  without  crushing 
the  wood.  The  closer  the  wire  is  spaced  in  this  winding  the  better  the 
staves  are  drawn  together,  and  the  tension  required  to  do  so  is  a 
minimum.  A  gauge,  registering  the  actual  tension  in  the  wire,  should 
be  directly   in  front  of  the  operator  of  the  winding  machine.     The 
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tension  varies,  of  course,  with  the  diameter  of  the  pipe  and  the  spacing 
of  the  wire. 

It  is  quite  proper  to  give  some  guaranty  of  wood  pipe  design  to  the 
purchaser.  When  buying  cast-iron  or  steel  pipe,  the  head  the  pipe  will 
withstand  is  known,  but  in  wood  pipe  design  and  manufacture  there 
are  so  many  uncertainties  that,  without  some  guaranty  of  its  strength, 
an  engineer  is  at  a  loss  to  know  its  quality.  He  can  check  up  the  size 
of  the  wire  and  the  spacing,  but  knows  nothing  as  to  the  care  in 
manufacture.  If  a  pipe,  guaranteed,  say,  for  50  or  100%  over-load, 
can  be  obtained,  the  engineer  then  has  a  basis  on  which  to  work,  and 
this  is  the  ultimate  method  of  correct  manufacture  to  be  expected. 
To  secure  a  theoretical  and  practical  basis  for  the  design  of  machine- 
banded  pipe  and  to  determine  an  over-load  for  a  guaranty,  was  the 
object  of  the  tests  just  mentioned. 

A  radical  departiire  from  customary  methods  of  pipe  design  is 
necessary  to  secure  desired  restdts.  It  must  be  remembered  that,  in 
mending  a  hoe  handle,  the  farmer  takes  a  small  fine  wire  and  wraps 
it  as  close  as  possible  around  the  fractured  part.  He  does  not  take  a 
heavy  wire  and  wind  the  handle  with  wide  spacing.  The  correct 
principle  of  pipe  winding  is  similar:  Use  small  wire  closely  spaced, 
giving  sufficient  steel  with  such  spacing  as  to  insure  a  factor  of  safety 
of  at  least  four  against  rupture  imder  tension  in  the  wire.  A  closer 
spacing  is  required  on  small  pipe  to  prevent  the  wire  from  sinking 
into  the  wood  because  of  insufficient  bearing  area.  The  use  of  small 
wire  increases  the  bearing  area  between  wire  and  wood.  The  reason 
for  this  can  be  readily  understood,  but  the  lasting  quality  of  the 
small  wire  has  to  be  considered. 

Repeated  tests  and  consultations  with  high  authority  on  wire 
manufacture,  and  a  study  of  the  reasons,  woiild  show  that  the  smaller 
wires  are  as  well  protected  with  galvanizing  as  the  larger  ones,  and, 
if  anything,  a  little  better.  The  Western  Union  test,  taken  as  a  method 
of  comparing  the  galvanizing  on  various  sizes  of  wire,  gave  results 
which  favored  the  smaller  wires.  The  authorities,  who  are  the  wire 
manufacturers,  state  that  the  smaller  wires  are  better  galvanized 
because  more  care  is  taken  with  them  in  order  to  secure  a  product  of 
the  very  highest  grade.  The  reason  is  that,  on  account  of  the  smaller 
wires  being  in  greater  demand,  more  care  is  taken  to  secure  a  uniform 
and  high-grade  product.     In  any  factory  output,   market   conditions 
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must  be  considered,  and  in  the  wire  market  small  wire  is  of  the  best 
quality.  Another  reason  for  the  use  of  small  wire  is  the  danger  of 
destroying  the  galvanizing  on  large  wire  when  winding  pipe  of  small 
diameter.  It  is  common  to  find  a  path  of  spelter  directly  under  the 
pipe  winding  machine  when  winding  small  pipe  with  heavy  wire,  the 
result  of  the  galvanizing  spalling  off.  It  is  also  found  to  spall  off  in 
splicing  with  the  old  twist,  or  Western  Union  splice.  Splicing  is 
necessary  when  coming  to  the  end  of  the  coil  of  wire  while  winding 
a  section  of  pipe,  and  is  of  frequent  occurrence  when  winding  heavy- 
pressure  pipe  where  close  spacing  is  required.  In  making  this  splice 
the  wire  is  twisted  around  its  own  diameter,  and  this  injures  the 
zinc  coating. 

Maximum  efficiency  is  secured  where  there  are  no  splices.  Electro- 
welding  with  re-galvanizing  has  been  tried,  but  the  re-galvanizing  is 
unsatisfactory,  and,  until  better  methods  are  obtained,  splices  should 
be  eliminated.  All  fastenings  holding  wire  in  place  on  pipe  should  be 
galvanized.     Pressed-steel  clips  will  rust  if  not  protected. 

The  essential  feature  for  success  in  machine-banded  pipe  is  the 
proper  use  of  the  proper  materials.  The  wrong  use  of  a  good  material 
will  be  as  productive  of  failure  as  the  use  of  poor  material. 

With  high-grade  lumber  and  a  high-grade  wire,  with  which  every 
precaution  is  taken  for  protection  against  corrosion,  and  with  scien- 
tific methods  of  pipe  winding,  thinner  staves  and  smaller  wire  may 
be  used.  If  reliance  can  be  placed  on  the  manufacturers,  such  methods 
will  result  in  economy. 

The  foregoing  comments  and  suggestions  are  not  intended  to  serve 
as  a  theoretical  basis  for  pipe  manufacture,  but  to  point  out  the 
methods  in  use  to-day  by  the  various  manufacturers.  The  detri- 
mental features  are  pointed  out,  the  scientifically  based  principles 
are  outlined,  and  the  specifications  in  the  Appendix  are  suggested 
for  securing  uniform  practice,  thus  enabling  engineers  to  know  what 
type  they  will  obtain  when  they  call  for  bids. 

The  specifications  should  be  based  on  the  use  to  which  the  pipe 
will  be  put.  No  engineer  would  think  of  calling  for  1:2:4  concrete 
for  rough  foundation  work,  where  water-tightness  and  strength  are 
only  secondary  considerations.  Neither  would  he  specify  a  1:3:6 
mix  for  concrete  conduits,  where  both  density  and  maximum  strength 
are  required.    It  is  the  same  with  wood  pipe.    For  cheap  lines  of  short 
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duration,  such  as  construction  work,  when  the  pipe  will  be  abandoned 
after  a  few  months  or  a  year,  a  low-grade  uncoated  fir  or  pine  pipe 
may  be  chosen.  On  temporary  work  requiring  a  life  of  5  or  6  years, 
a  good  grade  of  uncoated  fir  and  pine  pipe  may  well  serve.  For  8, 
12,  or  15  years'  service,  a  good,  properly  painted  fir  pipe  may  be  used 
to  advantage.  For  permanent  work,  redwood  should  be  selected,  or 
fir  or  pine  of  high-grade  staves  kept  saturated  and  well  painted. 

Owing  to  the  various  grades  of  work  in  which  fir  or  pine  pipes 
are  used,  alternate  specifications  are  given,  but,  as  redwood  would 
only  be  selected  for  permanent  work,  and  for  some  conditions  in 
which  fir  or  pine  would  fail,  such  as  in  low-pressure  work,  only  one 
specification  is  given  for  this  wood,  and  this  covers  the  highest  grade. 

It  is  sincerely  hoped  that  this  paper  may  lead  to  a  definite  idea 
of  the  merits  of  wood  pipe  and  the  adoption  of  uniform  specifications. 

In  writing  specifications  for  wood  pipe,  various  pipes  will  be  desig- 
nated by  classes,  based  on  the  nature  of  the  work  they  are  to  do. 

Continuous-Stave  Pipe. 

Class  A. — A  pipe  having  a  maximum  life,  under  all  conditions, 
and  this  will  be  25  years  when  receiving  no  care  whatsoever;  a  life 
greater  than  25  years,  if  under  continuous  operation;  and  a. probable 
life  of  50  years,  or  more,  if  in  continuous  operation  under  at  least  a 
moderate  head,  if  the  bands  are  given  attention  and  corroded  ones 
are  renewed.    This  includes  pipe  made  from  clear,  air-dried  redwood. 

Class  B. — This  class  includes  coated  pine  or  fir,  in  such  a  situ- 
ation as  to  be  open  to  continuous  inspection,  so  that  it  may  be  given 
constant  attention,  comprising  re-painting  staves  and  renewing  bands. 

This  pipe  will  be  placed  under  Class  A,  on  theory  only,  as  ex- 
perience has  not  yet  confirmed  such  an  assumption. 

Class  C. — This  class  will  have  a  maximum  life  of  10  years  and  an 
average  life  of  7  years.  It  will  include  uncoated  fir,  pine,  or  other 
suitable  wood. 

Machine-Banded  Pipe. 

Class  A. — This  class  will  have  a  life  of  from  15  to  25  years  when 
receiving  no  attention;  a  longer  life  under  ideal  conditions,  as  when 
laid  in  soils  having  the  least  possible  corrosive  effect  on  the  galvanized 
wire,  and  when  operating  under  pressure,  so  as  to  insure  complete 
saturation   of   the   wood.     Pipes   of  this   class   will   be  guaranteed  to 
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withstand  severe  conditions  of  over-load,  such  as  in  hydro-electric  work, 
general  water-works  for  city  supply,  and  high-pressure  pumping  lines; 
and  will  be  guaranteed  to  withstand  an  over-load  of  100%  under  test. 

It  will  include  pipes  of  clear,  air-dried,  redwood,  manufactured 
according  to  the  specifications  in  the  Appendix. 

Class  jB.-^This  class  will  have  a  life  of  at  least  10  years,  and  a 
probable  life  not  exceeding  15  years.  It  will  include  pipe  made  of 
redwood,  or  of  coated  fir  or  pine,  etc.,  manufactured  according  to 
present-day  standards,  as  indicated  by  the  specifications  covering  this 
class. 

Class  G. — Pipes  of  this  class  will  be  used  for  temporary  work  only, 
and  may  be  manufactured  from  redwood,  fir,  pine,  or  any  other  wood, 
with  or  without  coating,  as  desired. 


Papers.]  WOOD   STAVE   PIPE  DESIGN  585 

APPENDIX. 

Specifications  for  Continuous-Stave  Pipe,  Class*  A. 

The  staves  shall  be  of  clear,  air-dried,  California  redwood,  seasoned 
at  least  one  year  in  the  open  air,  and  shall  be  free  from  knots  (except 
small  knots  appearing  on  one  face  only),  sap,  dry  rot,  wind-shakes, 
pitch,  pitch  seams,  pitch  pockets,  or  other  defects  which  would  mate- 
rially impair  their  strength  or  durability.  The  sides  of  the  staves 
shall  be  milled  to  conform  to  the  inside  and  outside  radii  of  the  pipe, 
and  the  edges  shall  be  beveled  to  true  radial  planes.  The  staves  shall 
be  milled  from  stock  sizes  of  lumber,  the  net  finished  thickness  of  the 
stave,  for  the  various  diameters  of  pipe,  shall  be  as  given  in  Table  2. 
The  ends  shall  be  cut  square  and  slotted  to  receive  the  metallic  tongues 
which  form  the  butt  joints.  The  slots  shall  appear  in  the  same  position 
on  each  stave,  and  shall  be  cut  to  make  a  tight  fit  with  the  tongues 
in  all  directions.  The  staves  shall  have  an  average  length  of  at  least 
15  ft.  6  in.,  and  not  more  than  1%  shall  have  a  length  of  less  than 
9  ft.  6  in.     Staves  shorter  than  8  ft.  will  not  be  accepted. 

The  metallic  tongues  to  insert  in  the  slots  in  the  ends  of  the  staves 
shall  be  made  from  1|  by  |^-in.  band  iron,  and  shall  be  cut  ^^  in. 
longer  than  the  slot  in  the  stave,  so  that,  after  the  pipe  is  cinched, 
they  will  penetrate  the  adjoining  staves,  thereby  making  a  water- 
tight joint. 

The  bands  for  pipes  of  large  diameter  shall  be  in  two  sections; 
those  for  the  smaller  sizes  shall  be  in  one  section.  The  bands  shall 
be  spaced  on  the  pipe  with  a  factor  of  safety  of  at  least  four,  and 
shall  consist  of  romid,  mild-steel  rods,  connected  with  malleable-iron 
shoes.  Either  open-hearth  or  Bessemer  steel  may  be  used.  The  phos- 
phorous content  in  open-hearth  steel  shall  not  exceed  0.06;  in  Bessemer 
steel  it  shall  not  exceed  0.10.  The  ultimate  strength  shall  be  from 
55  000  to  65  000  lb.  per  sq.  in.  Steel  having  an  ultimate  strength 
of  more  than  65  000  lb.  per  sq.  in.  will  not  be  rejected  provided  it 
shows  an  elongation  of  not  less  than  26%  in  8  in.  The  yield  points 
shall  be  not  less  than  one-half  the  ultimate  strength,  and  shall  be 
determined  by  the  drop  of  the  beam  of  the  testing  machine.  A 
minimum  percentage  in  8  in.  of  1 400  000  divided  by  the  ultimate 
tensile  strength  shall  be  taken  as  the  elongation;  but,  the  following 
modifications  shall  be  made  for  bands  less  than  ^^  in.  and  more  than 
I  in.  in  diameter. 

(a).  Eor  each  increase  of  I  in.  in  diameter  greater  than  |  in. 
a  deduction  of  1  shall  be  made  from  the  specified  percentage  of 
elongation. 

(b).  For  each  decrease  of  -^^  in.  in  diameter  less  than  -^  in.  a 
deduction  of  1  shall  be  made  from  the  specified  percentage  of  elon- 
gation. 
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The  rods  or  bands  shall  be  capable  of  bending  180°  around  a 
diameter  equal  to  that  of  the  specimen  tested,  without  fracture  on 
either  side.  The  threads  shall  be  cold-rolled,  United  States  Standard; 
the  threaded  portion  of  the  band  shall  have  an  ultimate  strength 
equal  to  that  required  for  the  rods.  The  nut  shall  conform  to  the 
Colorado  Fuel  and  Iron  Company's  standard*  for  the  respective 
diameters,  and  shall  be  tapped  so  as  to  make  a  snug  but  easy  running 
fit.  The  bands  shall  be  provided  with  button  heads,  according  to 
the  Colorado  Fuel  and  Iron  Company's  standard,*  and  the  heads  and 
the  sections  under  the  heads  shall  not  fail  at  less  than  is  required 
for  the  body  of  the  rod  when  tested  through  a  U-slot.  One  bending 
and  two  tension  tests  shall  be  made  on  the  rods  for  each  melt  of  open- 
hearth  steel,  and  one  bending  and  one  tension  test  for  each  blow  of 
Bessemer  steel  rolled.  Two  bands  for  each  blow  or  melt  shall  be 
tested  against  the  head  and  thread.  The  bands  shall  be  subject  to 
rejection  if  the  actual  weight  of  any  lot  varies  more  than  5%  above 
or  below  the  theoretical  weight  of  that  lot.  The  bands  shall  be  free 
from  any  injurious  seams,  flaws,  or  cracks,  and  shall  have  a  workman- 
like finish. 

The  shoes  shall  be  of  the  Allen  type,  fitting  closely  to  the  outside 
curvature  of  the  pipe,  and  designed  so  that,  after  the  bands  are  cinched 
tight,  they  will  lie  in  a  plane  at  right  angles  to  the  horizontal  axis 
of  the  pipe.  The  shoes  shall  be  clean  castings,  made  from  the  best 
grade  of  malleable  iron,  free  from  flaws,  tags,  or  blow-holes;  and  shall 
have  a  tensile  strength  of  about  40  000  lb.  per  sq.  in.  The  shoes  shall 
be  guaranteed  to  be  stronger  under  test  than  the  bands  with  which 
they  are  to  be  used. 

The  coating  for  all  metal  work — shoes,  bands,  or  tongues — shall 
be  a  high-grade  preservative  paint,  of  such  consistency  that  it  will 
not  run  in  hot  weather  or  peel  off  in  cold  weather. 

The  coating  for  the  bands  shall  be  hot,  and  the  bands  shall  remain 
in  the  liquid  for  sufficient  time  to  insure  that  they  will  attain  the 
same  temperature  as  the  liquid. 

When  a  conduit  is  to  be  erected  in  a  tropical  climate,  similar  to 
that  of  the  Hawaiian  Islands,  the  Philippines,  Central  America,  etc., 
all  metal  work  shall  be  protected  with  red  lead  or  galvanizing.  The 
red  lead  shall  be  of  the  best  quality,  containing  approximately  10% 
of  litharge  to  insure  drying  without  scaling.  The  bands,  on  coming 
from  the  rolls,  shall  be  dipped  in  linseed  oil  to  prevent  the  formation 
of  mill  scale  prior  to  the  application  of  the  red  lead.  The  galvanizing 
shall  be  of  a  standard  quality,  giving  a  full  and  complete  coating 
to  the  metal  over  its  entire  surface. 

The  diameters  of  the  rods  and  the  maximum  allowable  spacing  shall 
be  as  given  in  Table  2. 

*  Or  other  specified  standard- — the  C.  P.  &  I.  being  that  generally  accepted. 
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TABLE  2. 


-Details  of  Design  fok  Continuous-Stave  Pipe. 
Classes  A,  B,  and  C. 
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Specifications    for    Continuous-Stave    Pipe,    Class    B. 

The  staves  for  uncoated  redwood  pipe  shall  be  the  same  as  those 
specified  for  Class  A,  continuous-stave  pipe. 

The  staves  for  coated  pipe  shall  be  of  yellow  fir  (Douglas  fir), 
redwood,  or  such  other  wood,  acceptable  to  the  engineer,  as  may  be 
specified  by  the  bidder  at  the  time  of  submitting  his  proposal.  The 
wood  shall  be  sound,  straight-grained,  and  free  from  dry  rot,  pitch 
seams,  pitch  pockets,  checks,  wind-shakes,  bruised  ends,  sap  wood, 
and  other  imperfections  which  would  impair  its  strength  or  dur- 
ability. Through  knots  or  knots  at  the  ends  or  edges  of  staves  will 
not  be  allowed.  Sound  knots  and  knots  not  exceeding  J  in.  in 
diameter,  not  falling  within  the  foregoing  limitations,  nor  exceeding 
three  within  a  10-ft.  length,  will  be  accepted.  Before  milling,  all  lum- 
ber shall  be  seasoned,  for  not  less  than  60  days,  by  air-drying  in  open 
piles,  or  by  thorough  kiln-drying.  The  sides  of  the  staves  shall  be 
milled  to  conform  to  the  inside  and  outside  radii  of  the  pipe;  and 
the  edges  shall  be  beveled  to  true  radial  planes.  The  ends  shall  be 
cut  square  and  slotted  to  receive  the  metallic  tongues  which  form  the 
butt  joints.  The  slots  shall  appear  in  the  same  position  on  each  stave, 
and  shall  be  cut  to  make  a  tight  fit  with  the  tongues  in  all  directions. 
The  staves  shall  have  an  average  length  of  at  least  16  ft.,  and  not 
more  than  1%  shall  have  a  length  of  less  than  9  ft.  6  in.  Staves 
shorter  than  8  ft.  will  not  be  accepted.  The  specifications  for  the 
tongues,  rods,  and  shoes,  and  for  the  coating  of  the  metal  work  shall 
be  the  same  as  for  Class  A  pipe. 

Redwood  pipe  need  not  be  protected  with  any  artificial  coating. 
Pipe  made  of  fir  or  other  wood  shall  be  coated.  This  coating  shall 
be  continuous  and  heavy  ;  it  shall  be  not  less  than  ^L  in.  thick, 
and  shall  consist  of  more  than  one  individual  coat  of  a  mixture 
of  asphaltum  and  tar.  The  first  coating  shall  be  allowed  to  dry  thor- 
oughly before  the  application  of  the  second.  The  coating  shall  be 
hard,  tough,  durable,  perfectly  water-proof,  and  strongly  adhesive 
to  the  metal  and  the  staves.  It  shall  show  no  tendency  to  flow  under 
a  summer  temperature,  and  shall  not  become  brittle,  so  as  to  crack 
or  scale,  under  a  freezing  temperature.  The  coating  shall  be  well 
spread  and  rubbed  in  with  brushes,  or  shall  be  applied  as  a  spray 
under  pressure;  but,  in  either  case,  all  cracks,  checks,  or  other  surface 
irregularities   shall  be  thoroughly   covered   and  filled. 

Specifications  for'  Continuous-Stave  Pipe,  Class  C. 

The  staves  shall  be  of  Douglas  fir,  redwood,  or  other  wood  accept- 
able to  the  engineer.  It  shall  be  sound,  straight -grained,  free  from 
dry  rot,  checks,  wind-shakes,  and  other  imperfections  which  would 
impair  its  strength  or  adaptability  for  pipe  construction.     Sap   will 
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not  be  allowed  on  more  than  10%  of  the  inside  face  of  any  stave,  and 
in  not  more  than  10%  of  the  total  number  of  pieces.  The  sap  shall 
be  bright,  and  shall  not  occur  within  4  in,  of  the  end  of  any  piece. 
Pitch  seams  will  be  permitted  in  not  more  than  10%  of  the  total 
number  of  pieces,  if  showing  on  the  edge  only  and  if  not  longer  than 
4  in.  or  wider  than  ^g  in.  Through  knot  or  knots  at  the  edge  or 
within  6  in.  of  the  ends  of  the  staves  will  not  be  allowed.  Sound 
knots  not  exceeding  ^  in.  in  diameter,  not  falling  within  the  foregoing 
limitations,  nor  exceeding  three  within  a  10-ft.  length,  will  be  accepted. 
Before  milling,  all  lumber  shall  be  seasoned  by  air-drying  for  not 
less  than  60  days,  in  open  piles,  or  by  thorough  kiln-drying.  The 
sides  of  the  staves  shall  be  milled  to  conform  to  the  inside  and  out- 
side radii  of  the  pipe,  and  the  edges  shall  be  beveled  to  true  radial 
planes. 

The  remainder  of  the  si^ecifications  are  as  outlined  for  Class  B 
pipe,  except  that  the  coating  of  the  pipe  may  be  omitted. 

Specifications  for  Machine-Banded  Pipe,  Class  A. 

The  staves  shall  be  of  clear,  air-dried,  California  redwood,  sea- 
soned at  least  one  year  in  the  open  air,  and  shall  be  free  from  knots 
(except  small  knots  appearing  on  one  face  only),  sap,  dry  rot,  wind- 
shakes,  pitch,  pitch  seams,  pitch  pockets,  or  other  defects  which 
would  materially  impair  their  strength  or  durability.  The  sides  of 
the  staves  shall  be  milled  to  conform  to  the  inside  and  outside  radii 
of  the  pipe,  the  edges  shall  be  beveled  to  true  radial  planes,  and  shall 
also  have  a  small  tongue  and  groove.  After  the  staves  are  built  up 
in  sections,  the  ends  shall  be  cut  square,  and  a  smooth  tenon  shall 
be  turned  on  the  end  of  each  section,  to  make  a  tight  fit  with  the 
collars  or  couplings.  The  sections  shall  be  in  random  lengths  of  from 
8  to  20  ft.  The  staves  shall  be  milled  from  stock  sizes  of  lumber.  The 
net  finished  thickness  of  the  stave,  for  the  various  diameters  of  pipe, 
shall  be  as  given  in  Table  3. 

Both  pipe  and  wire-wound  collars,  when  such  are  used,  shall  be 
wound  spirally  with  a  heavily  galvanized  steel  pipe-winding  wire. 
This  wire  shall  be  of  such  a  size,  and  spaced  at  such  a  distance  (accord- 
ing to  the  head  under  which  the  pipe  will  operate),  as  to  give  a  factor 
of  safety  of  at  least  four  against  breaking.  This  wire  shall  also  be  of 
such  a  size,  and  spaced  at  such  a  distance  as  to  give  a  bearing  surface 
which  will  make  the  pipe  safe  against  failure  by  the  wire  sinking  into 
the  wood  under  pressure,  which  might  cause  the  pipe  to  leak  along  the 
longitudinal  joints.  The  sizes  and  spacing  of  the  wire  for  the  various 
sizes  of  pipe  operating  under  different  pressure  heads  shall  be  as 
given  in  Table  3. 

The  ends  of  the  wire  shall  be  fastened  securely  to  the  pipe  with 
pressed-steel  or  malleable-iron  clips,  which  shall  be  protected  against 
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TABLE  3. — Machine-Banded  Pipe. 
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corrosion  by  galvanizing  or  Sherardizing,  and  there  shall  be  no  splices 
in  the  wire  on  any  section  of  pipe  or  collar.  The  wire  shall  have  a 
tensile  strength  of  from  60  000  to  65  000  lb.  per  sq.  in.,  and  an  elastic 
limit  of  not  less  than  50%  of  the  ultimate  strength,  and  shall  be  wound 
under  sufficient  tension  to  be  firmly  seated  in  the  wood  without 
crushing  the  fibers.  The  tension  under  which  the  wire  is  wound  on 
the  pipe  shall  be  between  25  000  and  30  000  lb.  per  sq.  in.  All  wire 
used  in  the  manufacture  of  machine-banded  pipe  shall  withstand  a 
test  for  condition  of  galvanizing ;  this  test  shall  consist  of  three  of 
the  four  immersions  in  the  testing  solution,  specified  as  the  Western 
Union  test,  which  reads  as  follows : 

"Method   of   Testing. — Samples   of   wire,   previously    cleaned    with 
gasoline  or  benzine,  shall  be  immersed  to  a  distance  of  at  least  4  in. 
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in  a  glass  vessel  containing  not  less  than  one  pint  of  the  standard 
solution,  and  allowed  to  remain  for  one  minute.  They  shall  then 
be  removed,  washed  in  clear  water,  and  wiped  dry  with  soft  cotton 
cloth  or  waste.  This  process  shall  be  repeated  three  times,  making 
four  immersions  in  all." 

A  saturated  solution  of  sulphate  of  copper,  having  a  specific  gravity 
of  1.186  and  a  temperature  of  65°  Fahr.,  shall  be  taken  as  the  standard 
solution.  The  temperature  of  the  solution  during  the  test  shall  not 
be  above  68°  nor  below  62°  Fahr.  If  a  bright  copper  deposit  appears 
on  the  steel  after  the  fourth  immersion,  thus  indicating  that  the 
wire  is  exposed,  the  galvanizing  represented  by  the  samples  shall  be 
considered  faulty.  Three  of  these  immersions  without  showing  signs 
of  copper,  shall  be  considered  as  the  test  for  the  pipe  winding  wire. 

Wooden  collars  or  other  couplings  shall  be  furnished  under  the 
following  specifications : 

Continuous-stave  and  machine-banded  collars  shall  be  made  in  the 
same  manner  as  the  pipe,  the  staves  being  6  or  8  in.  long,  depending  on 
the  diameter  of  the  pipe.  Pipe  from  2  to  6  in.  in  diameter,  inclusive, 
shall  have  collars  6  in.  long;  pipes  of  larger  diameters  shall  have 
collars  8  in.  long.  The  continuous-stave  collar  shall  be  banded  with 
|-in.  round,  mild-steel  rods,  held  together  by  straight-pull,  malleable 
pipe  shoes,  and  a  nut.  The  machine-banded  collar  shall  be  wound  with 
the  same  wire  as  the  pipe,  and  in  the  same  manner,  but  the  wire 
shall  be  spaced  closer  in  order  to  make  it  stronger  than  the  pipe. 

For  the  inserted  joint  connection,  each  section  of  pipe  shall  be 
mortised  and  tenoned  with  a  male  and  female  joint. 

Inserted  joint  connections  shall  be  used  on  pipe  operating  under 
pressures  not  exceeding  a  static  head  of  25  ft.  and  in  sizes  up  to  and' 
including  pipe  of  12  in.  inside  diameter.  All  other  sizes,  and  the  afore- 
mentioned sizes  under  higher  heads,  shall  have  machine-banded  collars, 
when  operating  under  static  water  pressure,  or  under  a  pumping: 
pressure  in  which  there  will  be  no  excessive  pulsations.  In  all  cases, 
machine-banded  collars  shall  be  preferred  to  the  inserted  or  slip  joint. 
On  pipes  having  an  inside  diameter  of  12  in.  or  greater,  in  pumping 
lines  for  hydro-electric  work,  where  over-load,  pulsation,  or  hammer 
are  very  likely  to  occur,  continuous-stave  collars  shall  be  used. 

All  pipe  shall  be  guaranteed  to  withstand  an  over-load  of  at  least 
50%  when  operating  in  flow  lines  not  subject  to  over-load  strains  of 
any  kind,  and  shall  be  guaranteed  to  withstand  a  100%  over-load  when 
operating  under  all  other  conditions. 

Specifications  for  Machine-Banded  Pipe,  Class  B. 
The   staves   shall  be  of  clear,   air-dried   redwood,   uncoated,   or   of 
fir   protected   by   a   coating   having   an   asphaltic   base,   and   rolled   in 
saw-dust. 
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The  staves  for  uncoated  redwood  pipe  shall  be  the  same  as  specified 
for  Class  A  machine-banded  pipe. 

The  staves  for  coated  pipe  shall  be  of  yellow  fir  (Douglas  fir), 
redwood,  or  such  other  wood,  acceptable  to  the  engineer,  as  may  be 
specified  by  the  bidder  at  the  time  of  submitting  his  proposal.  The 
wood  shall  be  sovmd,  straight-grained,  and  free  from  dry  rot,  pitch 
seams,  pitch  pockets,  checks,  wind-shakes,  bruised  ends,  sap  wood, 
and  other  imperfections  which  would  impair  its  strength  or  durability. 
Through  knots  or  knots  at  ends  or  edges  of  staves  will  not  be  allowed. 
Sound  knots  and  knots  not  exceeding  i  in.  in  diameter,  not  falling 
within  the  foregoing  limitations,  nor  exceeding  three  within  a  10-ft. 
length,  will  be  accepted.  Before  milling,  all  lumber  shall  be  seasoned 
by  air-drying  for  not  less  than  60  days,  in  open  piles,  or  by  thorough 
kiln-drying.  The  sides  of  the  staves  shall  be  milled  to  conform  to 
the  inside  and  outside  radii  of  the  pipe;  the  edges  shall  be  beveled 
to  true  radial  planes,  and  shall  be  provided  with  a  small  tongue  and 
groove.  After  the  staves  are  built  up  in  sections,  the  ends  shall  be 
cut  square,  and  a  smooth  tenon  shall  be  turned  on  the  end  of  each 
section,  to  make  a  tight  fit  with  the  collars  or  couplings.  The  sections 
shall  be  in  random  lengths  of  from  8  to  24  ft.,  the  limits  for  redwood 
pipe  being  from  8  to  20  ft.  and  for  fir  pipe  from  8  to  24  ft. 

The  thickness  of  the  staves  of  redwood  pipe  shall  be  the  same  as 
specified  for  Class  A  pipe. 

For  pipe  of  fir  and  other  woods  the  thickness  of  the  staves  shall 
be  as  given  in  Table  3. 

The  pipe  shall  be  wound  spirally  with  a  special  heavily  galvanized, 
steel  pipe-winding  wire,  and  spaced  with  a  factor  of  safety  of  four. 
The  size  of  the  wire  shall  depend  on  the  diameter  of  the  pipe  and  the 
pressure.  Further,  the  wire  shall  be  of  such  a  size,  and  spaced  at 
such  a  distance  as  to  insure  the  pipe  against  failure  by  the  wire 
sinking  into  the  wood  and  allowing  the  longitudinal  seams  to  open. 

The  ends  of  the  wire  shall  be  fastened  securely  with  pressed-steel 
or  malleable-iron  clips,  which  shall  be  protected  against  corrosion  by 
galvanizing  or  Sherardizing.  The  wire  shall  have  a  tensile  strength 
of  from  50  000  to  65  000  lb.  per  sq.  in.,  and  an  elastic  limit  of  not  less 
than  50%  of  the  ultimate  strength,  and  shall  be  wound  under  suffi- 
cient tension  to  be  firmly  seated  in  the  wood  without  crushing  the 
fibers. 

Redwood  pipe  may  be  furnished  with  corrections  of  the  same  type 
as  specified  for  Class  A  pipe.  If  fir  or  other  woods  are  used,  cast-iron 
collars  shall  be  provided  for  connecting  sections  of  pipe.  These  cast- 
iron  collars  shall  be  of  pure,  gray  iron,  of  the  highest  grade,  free 
from  tags,  blow-holes,  or  other  imperfections  which  would  impair  their 
strength.  The  inserted  joint  connections  may  be  used  under  the 
same  conditions   as  si)ecified  for   Class   A   pipe,  but  shall  be  heavily 
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coated  with  protective  compound  after  erection.  If  wire-wound  collars 
or  continuous-stave  collars  are  used,  they  shall  be  made  of  redwood 
staves. 

Redwood  pipe  need  not  be  protected  with  any  artificial  coating. 
Pipe  made  of  fir  or  other  wood  shall  be  coated.  This  coating  shall 
be  continuous  and  heavy  ;  it  shall  be  not  less  than  ^^5^  in.  thick,  and 
shall  consist  of  more  than  one  individual  coat  of  a  mixture  of 
asphaltum  and  tar.  The  coating  shall  be  hard,  tough,  durable,  per- 
fectly water-proof,  and  strongly  adhesive  to  the  metal  and  the  staves. 
It  shall  show  no  tendency  to  flow  under  a  summer  temperature,  and 
shall  not  become  brittle,  so  as  to  crack  or  scale,  under  a  freezing  tem- 
perature. The  pipe  shall  be  hot-dipped,  and  its  tenoned  ends  shall  be 
protected  during  the  dipping  so  as  to  prevent  the  mixture  from  getting 
on  the  inside  of  the  pipe.  After  the  pipe  has  been  dipped  it  shall  be 
rolled  down  an  incline  covered  with  fine  sawdust  in  order  to  cover 
it  and  enable  it  to  be  handled  without  the  coating  sticking  to  surfaces 
with  which  it  comes  in  contact.  The  guaranties  shall  be  the  same 
as  those  applying  to  Class  A  pipe. 

Specifications  for  Machine-Banded  Pipe^  Class  C. 

The  staves  shall  be  of  Douglas  fir,  redwood,  or  other  wood  acceptable 
to  the  engineer.  The  wood  shall  be  sound,  straight-grained,  and  free 
from  dry  rot,  checks,  wind-shakes,  wane,  and  other  imperfections' 
which  would  impair  its  strength  or  adaptability  for  pipe  construction. 
Sap  will  not  be  allowed  on  more  than  10%  of  the  inside  face  of  any 
stave,  and  in  not  more  than  10%  of  the  total  number  of  pieces.  The 
sap  shall  be  bright,  and  shall  not  occur  within  4  in.  of  the  end  of 
any  piece.  Pitch  seams  will  be  permitted  in  not  more  than  10%  of 
the  total  number  of  pieces,  if  showing  on  the  edge  only  and  if  not 
longer  than  4  in.  or  wider  than  ^^  in.  Through  knots  or  knots 
at  the  edge  or  within  6  in.  of  the  ends  of  the  staves  will  not  be  allowed. 
Sound  knots  not  exceeding  ^  in.  in  diameter,  not  falling  within  the 
foregoing  limitations,  nor  exceeding  three  within  a  10-ft.  length,  will 
be  accepted.  Before  milling,  all  lumber  shall  be  seasoned  by  air-drying 
for  not  less  than  60  days,  in  open  piles,  or  by  thorough  kiln-drying. 
The  sides  of  staves  shall  be  milled  to  conform  to  the  inside  and  outside 
radii  of  the  pipe;  the  edges  shall  be  beveled  to  true  radial  planes, 
and  shall  be  provided  with  a  small  tongue  and  groove.  After  the 
staves  are  built  up  in  sections,  the  ends  shall  be  cut  square,  and  a 
smooth  tenon  shall  be  turned  on  the  end  of  each  section,  to  make  a 
tight  fit  with  the  collars  or  couplings.  The  sections  shall  be  in  random 
lengths  of  from  8  to  24  ft. 

Both  pipe  and  wire-wound  collars,  when  such  are  used,  shall  be 
wound  spirally  with  a  heavily  galvanized  steel  pipe-winding  wire,  and 
spaced  vsdth  a  factor  of  safety  of  not  less  than  four.     The  wire  shall 
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also  be  spaced  for  each  diameter  so  as  to  insure  the  pipe  against 
failure  by  the  wire  sinking  into  the  wood  and  allowing  the  longitudinal 
seams  to  open. 

The  ends  of  the  wire  shall  be  fastened  securely  with  pressed-steel 
clips.  The  wire  shall  have  a  tensile  strength  of  from  60  000  to  65  000  lb. 
per  sq.  in.,  and  an  elastic  limit  of  not  less  than  50%  of  the  ultimate 
strength,  and  shall  be  wound  under  sufficient  tension  to  be  firmly 
seated  in  the  wood  without  crushing  the  fibers. 

Inserted  joint  connections  may  be  used  for  a  pressure  of  100  ft. 
or  less;  on  higher  pressures  wire-bound  collars  shall  be  used.  All 
pipe  shall  be  guaranteed  to  withstand  a  50%  over-load  of  the  pressure 
for  which  it  is  designed. 
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J.  C.  Allison,:}:  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). § — A  state-     Mr. 
ment  of  developments,  in  the  control  work  of  the  Colorado  River  pro-      '^°°" 
tecting  the  Imperial  Valley,  since  the  paper  was  written  in  October, 

1915,  and  since  the  discussion  was  published  in  September,   1916,  is 
of  value. 

During  January,  1916,  there  occurred  the  greatest  flood  ever 
recorded  on  the  Lower  Colorado.  At  Yuma  the  discharge  was  210  000 
sec-ft.,  or  60  000  sec-ft.  in  excess  of  any  previous  measurement.  The 
restricted  channel  opposite  the  Imperial  Valley  intake  carried  ,  the 
flood,  without  side-scouring  and  with  no  meandering  of  the  stream. 
The  channel  in  the  vicinity  of  "Houses  5  and  6"  continued  to  widen 
and  meander  to  the  extent  of  undermining  the  primary  line  of  defense. 
Bank  erosion  through  the  restricted  area  was  not  increased  in  propor- 
tion to  the  stream-bed  erosion  by  the  increase  in  velocity.  The  writer's 
statement  that  "the  less  room  the  river  is  allowed  for  meandering,  the 
greater  its  velocity  and  scouring  action,  and  the  easier  it  is  to  keep 
it  under  control",  to  which  Mr.  OckersonH  has  taken  exception,  is  not 
only  qualified  here,  but  was  again  proved  during  the  summer  flood  of 

1916.  The  theory  that  the  greater  energy  due  to  increasing  velocity 
is  expended  on  the  bed  of  a  stream,  and  not  on  the  bank,  is  correct, 

•  Discussion  of  the  paper  by  J.  C.  Allison,  Assoc.  M.  Am.   Soc.  C.  E.,  continued 
from  September,  1916,  Proceedings. 
t  Author's    closure. 
t  Calexico,  Cal. 

§  Received  by  the   Secretary,   March    27th,    1917. 
II  Proceedings,  Am.   Soc.  C.  B.,  September,   1916. 
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Mr.     applied,  of  course,  to  locations  where  the  stream  alignment  is  good 


Allison 


and  where  local  deflections  do  not  occur.  Local  deflections  will  not 
occur  where  the  stream  bed  is  narrow  and  deep,  but  they  do  occur 
where  it  is  wide  and  shallow  and  the  formation  of  shifting  sand-bars 
is  made  easily  possible. 

At  the  breach  in  the  levees  between  "Houses  5  and  6",  which  took 
place  in  January,  1916,  the  Inter-California  Railroad,  the  second  line 
of  defense,  held  the  flood-waters,  and  kept  them  from  entering  the 
Alamo  Channel  near  the  site  of  the  original  1906  break.  The  breach 
occurred  again  from  lack  of  maintenance,  and  the  incident  does  not 
alter  the  advisability  of  retaining  this  line  of  defense  and  the  present 
method  of  revetment.  Where  the  breach  occurred,  the  levees  were 
designed  with  land-side  borrow-pits,  and  though  the  flood-water 
through  the  breach  entered  these  land-side  borrow-pits,  it  was  easily 
controlled. 

On  the  Lower  Colorado  River  protective  work,  past  experience 
demonstrates  beyond  a  doubt  that  the  land-side  borrow-pits  are  more 
advisable.  The  writer  has  even  gone  so  far  as  to  propose  in  one  in- 
stance the  construction  of  a  drain  canal  in  the  borrow-pit  parallel 
with  the  protective  levee,  for  the  purpose  of  preventing  the  saturation 
of  the  lands  adjacent  to  the  levees.  In  no  instance  has  a  levee  failure 
been  traced  to  the  presence  of  a  continuous  pit  on  the  land  side,  so 
long  as  the  width  of  the  levee  and  the  width  of  the  berm  are  sufficient. 

The  irrigation  system  and  the  system  of  protective  work  are  now 
in  the  hands  of  the  Imperial  Irrigation  District.  Improvements  to 
the  flood-protection  system  of  the  Valley  have  been  begun,  the  greater 
part  of  which  are  in  accordance  with  the  recommendations  set  forth 
in  the  paper.  An  additional  control-gate  is  now  being  constructed 
above  the  present  Hanlon  gate,  as  suggested  by  Mr.  Sonderegger.* 
The  abandonment  of  the  southerly  end  of  the  Hanlon  Head-gate  and 
the  construction  of  additional  openings  in  the  rock  to  the  north,  are 
being  planned  to  remedy  the  defects  in  that  structure,  as  mentioned 
in  the  discussion. 

The  second  line  of  levee-protection  defense  has  been  improved  by 
placing  a  railroad  track  thereon  throughout  the  whole  extent  of  the 
Volcano  Lake  Levee,  in  accordance  with  early  suggestions,  and  it  is 
planned  to  open  a  quarry,  in  addition  to  the  Hanlon  Heading  quarry, 
at  the  Volcano  Lake  end  of  the  system.  It  is  likewise  planned  to 
supply  the  district  with  sufficient  equipment  to  facilitate  present 
methods  in  maintaining  the  levee,  namely,  with  rock  revetment.  In 
this  regard,  the  suggestion  made  by  Mr.  Ockerson,  which  was  carried 
out  most  efficiently  and  economically  in  his  reconstruction  of  the 
Volcano  Lake  Levee,  namely,  that  the  rock  facing  should  be  laid  by 
hand  with  some  care,  instead  of  being  dumped  at  random  from  cars, 
•  Proceedings,  Am.  Soc.  C.  E.,  September,  1916. 
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is  well  founded  in  localities  where  the  levee  is  not  subjected  to  under-     Mr. 
mining  from  the  river.     This  method  of  revetment  is  satisfactory  for 
the  entire  second  line  of  defense  for  Imperial  Valley,  but  it  is  not 
practical  on  the  primary  line  of  defense  and  its  extension,  as  proposed  ' 
in  the  paper,  on  account  of  the  difficulty  of  placing  such  rock  to  scour- 
line  elevation. 

The  following  is  a  resume  of  the  arguments  and  discussions  con- 
cerning the  theory  and  practices  incident  to  the  construction  of  a 
hydraulic-fill  dam,  as  a  means  of  diverting  a  stream  flowing  in  an 
alluvial  plain,  which  forms  the  principal  subject  of  the  paper. 

The  writer  has  made  the  statements  that:  "a  direct  relation  exists 
between  the  character  of  the  materials  forming  the  bed  and  the 
velocities  of  the  water",  that  "in  refilling  the  bed,  the  materials 
are  graded  as  to  weight  and  deposited  in  direct  relation  to  the  veloci- 
ties", and  that  in  refilling  the  bed,  the  materials  decrease  "in  weight 
as  they  approach  the  elevation  corresponding  with  the  lesser  velocities." 
Mr.  Ockerson  cannot  agree  with  this  theory,  and  cites,  as  an  example, 
the  Mississippi  River,  in  which  bars  composed  of  gravel  larger  than 
shingle  exist  well  above  the  lower  water  and  deep  concave  bends  op- 
posite the  bars  contain  no  gravel  whatever.  Mr.  Ockerson's  citation 
is  of  a  stream  in  which  the  channel  is  permitted  to  deflect  from  one 
side  to  the  other,  and  in  which  increased  areas  are  developed  by  side 
scour  rather  than  by  bed  scour. 

Such  a  stream  as  that  cited  by  Mr.  Ockerson  is  that  section  of  the 
Colorado  River  at  the  site  of  the  proposed  dam  to  deflect  the  Colorado 
River  water  from  its  present  course  into  the  Bee  River,  back  into  the 
old  channel  of  the  Colorado.  It  is  on  account  of  such  a  condition 
that  the  writer  has  proposed  the  construction  of  a  hydraulic-fill  dam 
up  stream  some  12  miles,  where  the  channel  has  been  virtually  con- 
fined to  one  bed  for  a  great  number  of  years,  rather  than  where  it  has 
been  shifting  in  different  locations  each  year.  The  Mississippi  River 
condition  and  that  which  makes  possible  the  construction  of  the 
hydraulic-fill  dam  in  the  Colorado  River  at  Hanlon  Heading  and 
Yuma,  are  in  no  wise  similar.  At  Yuma,  scour  is  not  influenced  by 
bed-rock,  as  stated  by  Mr.  Ockerson,  because  bed-rock  at  this  point  is 
at  a  considerably  lower  elevation  than  the  bed-scour  line,  and  a  sample 
of  the  materials  deposited  in  the  bed  will  reveal  that  they  are  graded 
as  to  weight,  increasing  as  the  scour  line  is  approached. 

The  construction  of  a  temporary  dam  in  the  Colorado  River  at 
Hanlon  Heading  became  necessary  once  more  in  the  summer  of  1916. 
The  Irrigation  District  constructed  a  rock-fill  dam  rather  than  a 
hydraulic-fill  dam,  similar  to  that  built  the  year  before,  on  account  of 
the  lack  of  adequate  equipment  to  permit  of  the  latter  type,  and 
because  of  the  greater  river  discharge  at  the  time  the  dam  became 
necessary. 
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Mr.  The   river   discharges   throughout   the   period   when   the   dam   was 

■  required  exceeded  30  000  sec-ft.  The  writer  is  of  the  opinion  that  with 
the  proper  equipment,  as  outlined  in  the  discussion  of  the  paper,  the 
'  hydraulic-fill  dam  might  have  been  placed  successfully,  at  least  with 
sufficient  success  to  have  restricted  the  channel  area  and  to  have  de- 
veloped the  necessary  head  for  diversion  of  sufficient  water  into  the 
Imperial  Valley  Canal,  As  it  was,  a  rock-fill  dam  was  again  placed 
across  the  Colorado  River  and  later  removed,  at  a  total  cost  of  more 
than  $100  000. 
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By  Israel  V.  Werbin,  Assoc.  M.  Am.  Soc.  C.  E.f 


Israel  V.  "Werbin4  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). § — Mr.  Mr. 
Moulton's  discussion  has  perhaps  set  many  to  thinking  of  the  possi- 
bility of  adapting  mining  methods  to  excavating  timnels  for  en- 
gineering construction.  The  suggestions  made  by  him  are  undoubtedly 
interesting,  but,  as  one  who  has  been  intimately  connected  with  the 
work  described,  the  writer  must  take  exception  to  his  conclusion  that 
mining  methods  could  have  been  used  advantageously  on  certain  parts 
of  the  work. 

Referring  to  the  large  double-deck  tunnels,  with  a  cross-section 
approximately  40  ft.  square,  Mr.  Motilton  states: 

"The  work  on  these  sections  presents  problems  more  nearly  com- 
parable to  metal  mining  than  those  encountered  anywhere  else  on 
subway  construction  in  New  York  City." 

The  mistake  is  made  right  at  the  start  in  assuming  that  there  is 
any  similarity  between  metal  mining  and  the  work  described  in  the 
paper.  There  were  several  important  factors  connected  with  the 
work  in  question  which  eliminated  any  possibility  of  using  any  of 
the  methods  suggested  by  Mr.  Moulton,  and  these  were: 

(1)  That  the   work  was   done  under  narrow  streets,   in  built-up 
sections  of  the  largest  city  in  the  world; 

(2)  That  the  tunnels  were  driven  dangerously  near  the  rock  line; 

*  Discussion  of  the  paper  by  Israel  V.  Werbin,  Assoc.  M.  Am.   Soc.   C.  E.,   con- 
tinued from  December,  1916,  Proceedings. 
t  Author's  closure. 
t  New  York  City. 
§  Received    by    the    Secretary,    March    19th,    1917. 
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Mr.  (3)   That  the  rock  was  known  to  be  of  a  dangerous  character;  and 

Werbin.  ^^^   That  the  problem  was  not  merely  one  of  making  an  excava- 

tion, but  of  doing  this  so  that  there  would  be  absolutely  no 
settlement  of  the  street  surface,  and,  most  important  of  all, 
of  building  a  structure  inside  of  the  finished  excavation. 

Surely  none  of  these  problems  is  to  be  met  in  mining  work,  par- 
ticularly if  credence  is  to  be  given  to  the  occasional  newspaper  reports 
of  large  areas  adjacent  to  mining  operations  settling,  on  account  of 
the  work  done  beneath  them. 

Mr.  Moulton  criticizes  the  use  of  the  top  heading  as  being  anti- 
quated and  expensive.  This  manner  of  attack  is  followed  almost 
everywhere  in  tunnel  operations  in  America.  This  fact  may  not 
perhaps  make  it  the  better  method,  but  there  were  other  important 
considerations  which  made  it  the  only  practical  method  to  use  on 
work  of  this  kind. 

The  tunnels  in  question  were  driven  in  connection  with  subway 
work,  and,  from  the  point  of  view  of  economy  of  construction,  it  was 
desirable  to  keep  the  structure  as  near  to  the  street  surface  as  possible. 
The  importance  of  this  feature  will  be  realized  when  it  is  noted  that 
the  cost  of  the  excavation  in  such  work  is  approximately  50%  of  the 
cost  of  the  entire  construction.  It  is  also  important,  from  the  stand- 
point of  operation,  for  the  railroad  at  the  stations  to  be  as  near  to 
the  street  surface  as  practicable,  so  as  to  reduce  to  a  miniriium  the 
height  of  the  stairs,  and  to  dispense  with  the  use  of  elevators. 

When  the  first  subway  in  New  York  was  built,  a  portion  on 
upper  Broadway  was  built  in  a  deep  tunnel,  and  access  to  the  stations 
at  168th,  181st,  and  191st  Streets  is  obtained  by  using  elevators. 
Experience  shows  that  with  the  large  amount  of  traffic  handled  by  the 
city  railroads,  the  use  of  elevators  is  not  only  an  expensive  feature 
of  operation,  but  is  highly  undesirable.  For  this  reason,  on  the 
new  work  in  the  double-deck  tunnels  on  Lexington  Avenue,  the  express 
stations  were  placed  immediately  beneath  the  local  tracks,  so  that 
communication  with  the  local  stations  could  be  had  by  short  stairways 
instead  of  elevators.  In  order  to  maintain  reasonable  grades,  it  was 
necessary  to  keep  the  express  tunnels  a  short  distance  below  the  local 
tracks.  If  a  bottom  heading  had  been  used,  good  rock  (not  requiring 
any  timbering)  would  have  been  encountered  all  along  the  line,  except 
for  a  stretch  of  about  200  ft.  at  74th  Street.  There  were,  however, 
several  places  along  Lexington  Avenue  where  old  watercourses  ran 
across  the  line  of  the  subway  structure,  and  at  these  places  the  surface 
of  the  rock  was  considerably  below  the  roof  line.  The  material 
directly  above  the  rock  at  these  points  was  a  fine  quicksand  or  alluvial 
earth,  which,  when  encountered,  was  very  difficult  to  hold  and  keep 
from  being  washed  into  the  excavation. 
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Under  such  conditions,  the  use  of  a  bottom  heading  would  have  Mr. 
been  dangerous.  The  top  heading  had  the  advantage  of  acting  in  ^'''■^'"• 
the  nature  of  an  exploration  tunnel,  so  that  the  contractor  vpas  prepared 
in  advance  for  the  conditions  with  which  he  had  to  deal.  When  bad 
ground  was  encountered,  it  was  taken  care  of  by  timbering,  with  or 
without  lagging  boards,  as  might  be  necessary;  and,  when  the  over- 
lying material  was  once  properly  caught  up  and  held,  the  element  of 
danger  was  practically  removed.  Assuming  that  under  such  conditions 
the  work  was  conducted  with  a  bottom  heading,  it  would  mean  that 
a  very  expensive  system  of  timbering  would  have  been  necessary  every 
time  another  lift  was  taken  out,  with  the  continuing  possibility  of  the 
danger  and  damage  that  such  an  operation  would  have  involved. 

It  must  be  borne  in  mind  that  the  structure  for  the  local  tracks 
had  been  completed  in  advance  of  the  express  tunnel  excavation,  this 
being  necessary  in  order  to  maintain  necessary  progress  in  the  work. 
The  loss  of  any  material  between  the  local  structure  and  the  express 
tunnels,  therefore,  would  involve  damage  to  the  completed  local  track 
structure,  in  addition  to  settlement  in  the  buildings  at  the  street 
surface.  It  might  also  be  mentioned  that  the  contractor  was  held 
absolutely  liable  for  all  damage  to  buildings  that  resulted  from  his 
operations,  irrespective  of  the  matter  of  negligence,  so  that  a  pro- 
cedure which  would  reduce  to  a  minimum  the  possibility  of  damage 
might  ultimately  prove  the  most  economical,  even  though  some  other 
method  might  permit  the  removal  of  the  excavation  more  economically. 
When  these  matters  are  considered,  the  writer  is  sure  that  no  mistake 
was  made  in  using  a  top  heading. 

Mr.  Moulton  claims  that  with  the  methods  of  timbering  ordinarily 
used  in  metal  mining,  it  would  be  possible  to  work  more  nearly  to 
the  ijay  line  of  the  excavation.  The  writer  fails  to  see  how  the  method 
of  timbering  can  in  any  way  afiect  the  lines  of  excavation.  This 
matter  is  determined  more  or  less  by  the  character  of  the  rock  and 
the  way  in  which  the  strata  lie.  The  writer  believes  that  the  men 
engaged  on  such  works  as  that  described  in  the  paper  are  fully  as  com- 
petent as  mining  men  to  carry  the  excavation  to  approximate  neat  lines. 
The  method  of  cribbing  up  the  entire  excavation  might  serve  to  hold 
some  of  the  rock  in  the  roof  from  falling  down,  but,  as  the  writer 
has  tried  to  bring  out  in  the  paper,  no  attempt  was  made  to  hold  up 
such  rock  by  timbering,  the  consensus  of  opinion  being  that  the  better 
practice  would  be  to  remove  all  loose  rock.  This  conclusion  was 
reached  after  careful  study,  there  being  little  doubt  that  any  timbering 
that  would  have  to  be  put  in  to  hold  such  rock  in  place,  would  be 
far  more  expensive  than  the  additional  cost  of  removing  such  excess 
excavation.  The  rock  along  the  work  in  question  had  two  seams 
running  almost  at  right  angles  to  each  other,  with  the  apex  pointing 
upward,  so  that  the  rock  in  the  roof  was  more  or  less  wedge-shaped. 
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Mr.  with  the  bottom  of  the  wedge  downward.  The  very  dangerous  condition 
'is  evident,  and,  when  this  rock  persisted  in  working  loose,  even  where 
timbering  was  placed,  there  was  no  doubt  that  it  was  good  practice 
to  remove  these  large  masses  of  loose  rock  rather  than  attempt  to  hold 
them  in  place,  where  they  would  have  been  an  ever-continuing  menace 
to  the  lives  of  the  men  working  in  the  tunnel. 

Mr.  Moulton  has  criticized  the  segmental  type  of  timbering  as 
being  expensive.  The  answer  to  this  is  that  the  problem  was  not  only 
one  of  making  an  excavation,  but  also  of  building  a  structure  inside 
the  completed  excavation.  The  square-set  system  of  timbering  used 
in  mining,  described  by  him,  may  be  all  right  in  a  mine,  but  would 
make  the  cost  of  the  construction  that  had  to  follow  the  excavation 
almost  prohibitive.  The  subway  structure  could  not  have  been  erected 
without  shifting  considerable  timber,  and  no  engineer  engaged  on 
such  work  will  deny  that,  once  bad  rock  is  caught  up,  it  is  very  poor 
and  dangerous  practice  to  disturb  the  timbering. 

The  almost  universal  use  of  the  segmental  set  in  bad  ground 
was  prompted  by  the  fact  that,  after  it  had  been  placed,  the  structure 
could  be  built  beneath  it  with  very  little  moving  of  the  timbering. 
Another  great  advantage  in  the  use  of  segmental  timber  in  this  work 
was  the  fact  that,  almost  throughout  the  work,  water  was  encountered 
in  great  quantities,  and,  by  concreting  between  the  timbers  and  grout- 
ing, a  temporary  roof  was  made.  The  water  was  then  concentrated 
and  led  off  through  the  grout  pipes,  and  in  this  way  was  prevented 
from  washing  away  the  fresh  concrete  in  the  finished  structure  until 
it  had  had  a  chance  to  set. 

The  use  of  the  longitudinal  beams  mentioned  in  the  paper  was 
not  advocated  so  much  on  account  of  permitting  any  economy  in 
removing  the  excavation,  but  solely  because,  with  such  a  system, 
the  posts  directly  under  the  sets  did  not  have  to  be  moved  every 
time  an  additional  lift  was  taken  out;  and  it  afforded  a  good  founda- 
tion for  the  posts  irrespective  of  soil  conditions.  The  beams  and 
posting,  therefore,  could  be  placed  where  they  would  offer  the  minimum 
interference  with  the  construction  work  that  was  to  follow.  The 
Lexington  Avenue  work  was  the  first  in  which  the  large  longitudinal 
beams  were  used  to  any  extent,  and  the  advantage  of  their  use  has 
been  so  marked  that  this  system  is  being  adopted  on  much  of  the 
more  recent  work. 

Mr.  Moulton  has  presented  some  data  as  to  the  estimated  cost  of 
making  the  excavation  if  mining  methods  had  been  adopted.  He 
does  not  seem  to  have  taken  local  conditions  into  consideration,  and 
if,  to  the  prices  he  gives,  he  adds  the  cost  incurred  by  the  contractor 
practically  having  no  choice  in  the  location  and  the  number  of  shafts, 
the  high  cost  that  must  be  paid  in  the  city  for  labor,  plant  sites, 
dumping    privileges,    superintendence    and    insurance    costs,    and    the 
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increased  cost  due  to  the  drilling  and  blasting  methods  required  in  a      Mr. 
job  of  this  kind,  the  total  sum  for  doing  the  work  would  be  found  to     ^^  '°' 
be  higher  than  he  apparently  thinks  it  would  be. 

The  writer  is  sure  that,  if  Mr.  Moulton  had  been  familiar  with 
the  conditions  peculiar  to  this  work,  he  would  not  have  advocated 
the  use  of  square-set  timbering,  or  conducting  the  excavation  with 
a  bottom  heading.  It  would  seem  to  the  writer  that  the  only  place 
where  such  a  method  could  have  been  considered  would  have  been 
in  connection  with  the  tunnels  of  100th  and  102d  Streets,  where  the 
spans  were  greater  than  60  ft.,  provided  very  bad  ground  had  been 
encountered.  The  large  I-beams  to  hold  up  the  roof  in  this  part  of 
the  work  were  used  by  the  contractor  mainly  so  that  he  could  continue 
to  utilize  his  air  shovel,  but,  as  stated  in  the  paper,  this  method 
of  procedure  was  found  to  be  very  expensive,  and  of  little  advantage, 
so  that  the  use  of  the  air  shovel  was  abandoned  and  the  mucking  was 
done  by  hand. 

It  was  found  possible  to  excavate  the  section  for  sufficient  width 
to  permit  the  construction  of  one  track  of  the  structure  at  a  time 
without  using  any  timbering  whatever,  except  for  occasional  posting, 
and,  after  the  structure  for  this  one  track  was  completed  and  the 
roof  had  been  caught  up,  the  excavation  for  the  adjacent  track  was 
made. 

It  would  seem  to  the  writer  that  the  method  followed  was  better 
than  to  attempt  to  make  the  excavation  wider  and  use  timbering. 
The  only  objection  to  the  piecemeal  method  of  construction  was  the 
damage  to  the  finished  structure  that  resulted  from  carrying  on  the 
blasting  adjacent  to  it,  but  this  could  have  been  avoided  had  the 
contractor  taken  proper  precautions. 

It  might  have  been  advantageous  to  use  the  methods  suggested 
by  Mr.  Moulton  provided  the  rock  encountered  would  not  have  per- 
mitted the  excavation  for  one  track  with  practically  no  timbering. 
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Alexander  S.  Lynch,^  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter) .§ — ^Mr.    Mr. 
Ferry  states  that  Sherardized  bolts  were  first  used  to  fasten  the  seats    ^°^ 
to  the  concrete  and  then  abandoned  for  the  bronze  bolts,  as  originally 
planned.     He  does  not  state  why  this  change  was  made,  other  than 
that  the  Sherardized  bolts  were  unsatisfactory.     The  writer  would  like 
to  know  why  they  were  unsatisfactory. 

Mr.  Atwood  states  that  the  greatest  movement  in  the  high  walls 
was  i  in.  A  recent  examination  of  the  walls  shows  that  the  movement 
in  one  was  less  than  i  in.,  and  in  the  other  it  was  |  in.,  making  a 
noticeable  and  very  unsightly  crack.  The  writer  would  like  to  ask  if 
the  soil  under  both  walls  was  the  same,  or  if  there  was  a  difFerence  in 
the  design  of  the  walls. 

The  final  cost  of  the  bowl  as  given  by  Mr.  Atwood  is  $750  000. 
Does  this  include  the  cost  of  the  23  000  seats  erected  for  the  Harvard 
games  of  1914  and  1916,  and  subsequently  removed? 

There  seems  to  have  been  no  apparent  reason  for  applying  Truscon 
iloor  hardener  to  the  aisles.  Mr.  Atwood  states  that  no  wear  is  per- 
ceptible. Neither  is  any  wear  perceptible  in  the  floors  of  the  tunnels, 
although  the  traffic  there  is  much  greater.  There  was  no  more  reason 
for  applying  Truscon  hardener  to  the  aisles  of  the  Bowl  than  for  apply- 
ing it  to  the  concrete  sidewalk.  The  only  effect  now  noticeable  is  that 
the  hardener  was  improperly  applied,  leaving  many  of  the  blocks  a 
dirty,  rusty  brovsm,  unpleasant  to  look  at,  and  spoiling  the  general  soft 
gray  tone  produced  by  the  use  of  lampblack. 

*  Discussion   of  the  paper  by   Charles   A.    Ferry,    M.    Am.    Soc.    C.    E.,   continued 
from   February,    1917,   Proceedings. 
t  Author's   closure. 
t  West   Haven,    Conn. 
§  Received  by  the   Secretary,    March   24th,    1917. 
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Mr.  After  reading  Mr.  Atwood's  discussion,  one  is  led  to  wonder  why 

^°^  ■  Mr.  Ferry  should  have  submitted  a  paper  on  the  Bowl.  Mr.  Atwood 
gives  "much  credit"  to  the  Committee  of  Consulting  Engineers,  which 
assisted  in  getting  the  work  "properly  started",  and  to  others,  but 
nowhere  does  he  mention  Mr.  Ferry,  except  to  refer  to  a  paper  read  by 
him  before  the  Connecticut  Society  of  Civil  Engineers.  The  writer, 
like  hundreds  of  other  engineers  throughout  the  country,  was  under 
the  impression  that  Mr.  Ferry  had  not  only  designed  the  Bowl,  but  thaf 
he  had  in  truth  created  "something  new  under  the  sun."  The  writer 
still  holds  that  belief. 

Mr.  Charles  A.  Ferry,*  M.  Am.  Soc.  C.  E.  (by  letter). f — In  reference 

^®"^'  to  the  cost  of  the  Bowl,  Mr.  Atwood  states :  "when  finally  completed 
the  cost  will  be  about  $750  000,  or  approximately  $12.30  per  seat."  He 
does  not  give  the  details  of  this  estimate,  further  than  to  state  the  dif- 
ferent pieces  of  work  required  to  complete  the  structure.  Of  these,  the 
plans  for  the  "permanent  toilets"  and  the  "permanent  fence"  have  not 
been  finally  settled,  so  far  as  the  writer  knows;  consequently,  the  cost 
might  be  any  sum  that  Mr.  Atwood  chose  to  assume.  It  is  question- 
able whether  the  cost  of  a  fence  enclosing  the  Bowl  should  be  charged 
to  that  structure  any  more  than  that  of  the  land  on  which  it  is  built. 

The  sum  paid  to  the  contractor  was  a  little  less  than  $448  000.  The 
plans  for  the  Bowl  were  radically  changed  after  the  work  was  well 
advanced,  as  mentioned  by  Mr.  French,  thereby  necessitating  much 
extra  work,  as  well  as  extra  prices  for  considerable  work  already  under 
contract.  This  also  included  a  large  sum  for  grading,  which,  although 
desirable  in  the  development  of  the  plans  for  the  athletic  field,  was  not 
necessary  in  the  construction  of  the  Bowl  itself.  It  also  included  the 
cost  of  the  temporary  dressing  rooms  and  the  erection  and  removal  of 
the  temporary  toilets  and  extra  temporary  seats  for  the  Yale-Harvard 
game  of  1914.  If  the  extra  temporary  seats  built  for  the  Yale-Harvard 
games  are  to  be  included  in  the  cost  of  the  Bowl,  as  apparently  they 
have  been  in  Mr.  Atwood's  estimate,  then,  in  all  fairness,  their  num- 
ber should  be  included  in  computing  the  cost  per  seat.  On  this  basis, 
that  cost  would  be  only  about  $9.70  per  seat,  even  at  the  extravagant 
estimate  of  $750  000. 

The  writer  is  confident  that  if  the  Bowl  had  been  built  as  origi- 
nally planned  by  him,  the  cost  of  the  completed  structure,  including 
that  of  permanent  toilets,  which  was  not  included  in  the  original  esti- 
mate, would  not  have  exceeded  $450  000,  or  about  $7.40  per  seat,  as 
the  contractor's  bid,  based  on  the  engineer's  list  of  quantities,  was 
lower  than  the  writer's  estimate  made  on  the  same  basis. 

*  New  Haven,  Conn. 

t  Received  by  the  Secretary,  March  23d,  1917. 
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This  price  compares  favorably  with  that  quoted  by  Mr.  Hitt  for    Mr. 
the  Tacoma   Stadium,  namely,  $6.20,  when  the   relative   sizes  of  the      ^^^' 
two    structures    are    taken    into    account,    as    the    price   per    seat    in- 
creases with  the  increase  in  size  of  the  structure,  regardless  of  the 
materials  used. 

Judging  from  Fig.  1  illustrating  Mr.  Hitt's  admirable  discussion, 
benches  are  not  provided  in  the  Tacoma  Stadium,  the  spectators  sit- 
ting directly  on  the  concrete,  as  in  the  Harvard  and  Princeton  Stadia. 
The  permanent  benches  for  the  Bowl  cost  about  $0.93  per  seat,  includ- 
ing painting. 

The  cost  of  the  Tacoma  Stadium  would  seem  to  confirm  the  writer's 
opinion  that  large. stands  constructed  in  the  manner  used  by  him  in 
building  the  Bowl  are  more  economical  than  those  built  by  any  other 
method  hitherto  used. 

The  history  of  this  structure  well  illustrates  the  truth  of  the  old 
adage  that  "too  many  cooks  spoil  the  broth."  Only,  in  this  case,  the 
"broth"  (Bowl)  was  not  spoiled,  but  the  "high  cost  of  living"  (build- 
ing) was  very  largely  increased. 

The  writer  is  exceedingly  skeptical  regarding  the  utility  of  Mr. 
Atwood's  method  of  consolidating  the  embankment,  as  described  by 
him.  No  levels  were  taken  on  the  embankment  at  the  time,  and,  as 
there  were  no  near-by  permanent  objects  with  which  to  compare  the 
height  of  the  embankment,  the  measurement  of  the  settlement  was 
dependent  on  the  imagination  of  the  observer.  To  believe  that  a  given 
quantity  of  water,  discharged  at  the  bottom  of  small  holes,  2  or  3  ft. 
deep  and  about  8  ft.  apart  (assuming  that  such  holes  existed  in  the 
saturated  sand  after  the  pipes  or  bars  were  withdrawn),  would  have 
any  more  eifect  in  consolidating  material  several  feet  below  the  bottom 
of  the  holes,  than  an  equal  quantity  percolating  uniformly  through 
the  full  depth  of  the  sand,  requires  more  credulity  than  is  possessed 
by  the  writer. 

As  for  the  effect  on  the  upper  portion  of  the  embankment  by  jet- 
ting water  down  into  it,  the  writer  is  positive  that  the  result  was  just 
the  opposite  of  that  desired.  The  water  injected  into  the  embankment 
washed  out  the  finer  particles  of  sand  and  deposited  them  in  flat, 
volcano-like  cones  around  the  pipe,  and  the  coarser  particles  were  left 
in  as  loose  a  condition  as  it  was  possible  to  make  them  by  the  boiling 
action  of  the  water  escaping  upward  around  the  pipe.  Only  about 
one-half  the  circumference  of  the  Bowl  was  treated  by  this  novel 
method  of  "consolidating"  material;  and  the  opinion  that  this  work 
was  not  only  useless,  but  worse,  would  appear  to  be  substantiated  by 
the  fact  that  the  benches  which  showed  the  greatest  subsequent  settle- 
ment were  in  the  sections  thus  treated,  and  the  points  of  least  settle- 
ment were  in  those  portions  which  did  not  receive  the  "water  cure". 
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Mr.     although  the  latter  were  on  the  west  side  of  the  Bowl  where  the  depth 
^"^'  of  fill,  between   tunnels,   was  greatest,   the   tunnels   on   the   east   side 
being  largely  in  cut. 

Mr.  Atwood  states  that: 

"In  the   concrete  facing  inside  the  Bowl,   the  horizontal  arching 

action  was  not  made  use  of,  dependence  being  placed  on  the  interior 

retaining  wall  to  care  for  any  possible  tendency  of  the  blocks  to  slide 
down  hill." 

The  writer  has  never  had  any  fears  that  the  concrete  blocks  would 
slide  down  hill,  particularly  those  near  the  foot  of  the  incline,  where 
the  slope  is  only  about  1  on  4,  unless  pushed  down  by  those  near  the 
top,  where  it  is  about  1  on  2J.  K,  however,  there  ever  should  be  any 
such  tendency  to  slide,  he  has  much  more  faith  in  the  resistance  due 
to  the  arch  action  than  in  that  of  the  inner  retaining  wall,  for  the  con- 
crete steps  abut  against  the  thin  lip  of  the  gutter  formed  in  the  top  of 
this  wall,  and,  although  the  lip  is  reinforced,  the  pressure  required  to 
shear  it  off  is,  probably,  only  a  small  fraction  of  that  which  would  be 
required  to  crush  or  buckle  the  concrete  facing  under  arch  action.  At 
the  present  time,  24  years  after  the  laying  of  the  concrete  on  the  lower 
part  of  the  slope,  there  are  no  indications  that  there  has  been  any  slid- 
ing of  the  blocks  down  hill. 

The  experience  of  the  past  2  years  indicates  the  wisdom  of  the 
Committee  in  abandoning  the  plan  for  an  open  concrete  facing  raised 
above  the  embankment,  as  described  by  Mr.  French,  and  in  re-adopting 
the  plan  for  a  tight  facing  laid  directly  on  the  earth,  as  recommended 
by  the  Advisory  Engineer,  Mr.  Williams. 

Although  the  material  of  which  the  embankment  is  composed  is 
very  porous  and  readily  absorbs  the  water  from  an  ordinary  rainstorm, 
it  does  not  take  care  of  that  from  heavy  downpours,  such  as  are  likely 
to  occur  several  times  a  year.  Thus  far,  there  has  not  been  much 
trouble  from  the  gullying  of  the  inner  face  of  the  embankment,  as 
the  runs  between  the  seats  are  in  contact  with  the  ground,  thus  forming 
water-breaks  every  30  in.  Nevertheless,  after  a  very  heavy  rainstorm, 
the  care-takers  are  obliged  to  shovel  sand  from  the  runs  and  fill 
up  the  gullies  which  have  formed  between  them.  If  gullies,  3  or  4 
in.  in  depth,  will  form  in  one  storm  when  there  are  water-breaks 
every  30  in.,  it  is  reasonable  to  suppose  that  serious  ones,  such  as 
might  undermine  the  concrete  footings,  would  form  in  a  period  of 
a  few  years  when  the  water  had  an  unobstructed  run  of  150  ft.,  even 
though  the  slope  was  covered  with  a  layer  of  cinders. 

The  principal  point  in  controversy  between  the  writer  and  the 
engineers  consulted  by  the  Committee  previous  to  the  adoption  of 
the  plans,  was  whether  the  material  in  the  embankment  could  be 
consolidated   so   that  there  would  be   no   settlement  which   would   be 
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likely  to  cause  injurious  cracking  of  the  concrete  facing.  The  writer's  Mr. 
20  years'  experience  in  back-filling  sewer  trenches  and,  particularly, 
in  the  construction  of  an  embankment  on  which  to  build  a  slow 
sand  filter,  led  him  to  believe  that  it  was  possible,  by  the  use  of  water, 
supplemented  by  thorough  rolling,  to  construct  a  stable  one  for  the 
Bowl.  For  the  filter  foundation,  the  maximum  depth  of  the  fill  was 
about  16  ft.  The  material  composing  the  fill  was  a  mixture  of  clayey 
hardpan  and  a  very  fine  sand  saturated  with  water — practically  quick- 
sand. These  materials  were  mixed  roughly  by  working  both  borrow- 
pits  at  the  same  time,  but  there  was  no  special  effort  to  secure  a 
thorough  mix  by  harrowing.  No  water  was  used,  except  such  as 
was  contained  in  the  quicksand  and  from  occasional  rains.  The 
material  was  leveled  off  in  layers  about  8  in.  in  thickness,  and  was 
thoroughly  rolled  with  a  grooved  roller;  a  smooth  roller  was  not 
used.  The  fill  was  completed  late  in  the  fall.  Benches  were  estab- 
lished at  various  points,  after  which  an  embankment,  about  18  in. 
high,  was  built  around  the  edges  of  the  fill,  and  the  area  was  flooded 
with  water,  the  pond  being  maintained  throughout  the  winter.  In 
the  spring,  the  water  was  drawn  off,  the  benches  were  tested,  and  it 
was  found  that  the  maximum  settlement  was  about  J  in.,  a  little 
better  result  than  was  obtained  at  the  Bowl,  although,  at  the  latter, 
the  depth  of  fill  was  nearly  twice  as  great  as  at  the  filter  foundation. 

The  argument  advanced  by  Mr.  French,  that  because  "the  bulk 
of  the  fill  had  been  exposed  to  a  winter  of  snow  and  rain,  the  actual 
advantage  of  the  rolling  does  not  seem  to  have  been  conclusively 
demonstrated,"  does  not  apply  to  the  section  of  the  embankment, 
about  300  ft.  in  length,  in  the  vicinity  of  the  proposed  large  gate-house. 

A  portion  of  this  fill,  that  immediately  back  of  the  retaining  wall, 
is  more  than  40  ft.  in  depth  (the  deepest  fill  on  the  work)  and  all  of  it, 
from  foundation  to  promenade,  was  deposited  in  the  9  weeks  between 
April  4th  and  June  6th.  The  material  was  consolidated  only  by  the  use 
of  water  and  rolling,  as  specified  for  the  remainder  of  the  work,  the 
assistance  rendered  by  Nature,  in  the  form  of  snow  and  rain,  being 
negligible,  as  the  water  secured  in  this  way  was  insignificant  in  quan- 
tity in  comparison  with  that  applied  artificially.  The  average  settle- 
ment of  this  portion  of  the  embankment,  in  the  2  years  following  its 
completion,  was  less  than  f  in. 

The  writer  believes  that  any  one  who  observed  the  action  of  the 
moistened  sand  under  the  rollers  would  readily  admit  that  they  per- 
formed a  very  important  part  in  the  consolidation  of  the  material. 
The  height  of  the  ridges  formed  by  the  grooved  roller  was  noticeably 
less  with  each  successive  passage  of  that  machine;  and  the  use  of 
the  two  kinds  of  roller,  passing  alternately,  was  much  more  effective 
than  that  of  either  a  smooth  or  grooved  one  alone  would  have  been. 
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Mr.  The  Sherardized  bolts,  referred  to  by  Mr.  Lynch,  were  lag-screws 

'  between  the  threads  of  which  was  spun  a  flat  wire  spiral  to  serve  as 

reinforcement  in  transmitting  the  thrust  from  the  screw  to  the  concrete. 

These  bolts  were  mechanically  defective  in  two  respects.  The  wire 
spiral  was  likely  to  become  slightly  bent  or  sprung,  in  which  case, 
only  one  thread  of  the  screw  would  have  a  bearing,  thus  reducing 
the  effective  strength  of  the  fastening.  The  defect  which  gave  the 
most  trouble,  however,  was  caused  by  the  machine  which  fashioned 
the  bolt.  This  machine,  in  gripping  the  rod,  changed  the  shape  of 
the  shank  of  the  bolt,  making  the  cross-section  slightly  oval  instead 
of  round,  and,  in  addition,  it  formed  a  slight  ridge  along  the  sides 
of  the  shank  along  the  major  axis.  The  result  was  that,  when  the  bolt 
was  being  unscrewed,  it  acted  as  a  wedge  which  split  a  spall,  several 
inches  long,  from  the  face  of  the  step,  thereby  releasing  the  bolt.  The 
only  way  in  which  this  could  be  avoided  was  to  give  the  bolt  one  or 
two  turns  just  after  the  concrete  had  taken  its  initial  set,  thus  forming 
a  hole  large  enough  to  permit  the  bolt  to  be  turned.  If  it  was  not 
turned  tmtil  after  the  concrete  had  become  hard,  the  head  twisted  off. 

To  repair  the  damage,  dove-tailed  recesses  were  chiseled  into  the 
steps,  and  the  bolts  were  re-set  in  mortar.  Several  hundred  bolts  had 
to  be  re-set  in  this  way  before  the  writer  succeeded  in  getting  an 
order  to  discontinue  their  use. 

In  order  to  insure  the  head  of  the  bolt  having  a  firm  bearing  on 
the  standards,  the  bolts  were  set  about  i  in.  lower  than  the  position 
they  were  expected  to  occupy  finally.  In  spite  of  this  precaution, 
however,  the  concrete  broken  off  in  unscrewing  the  bolts  filled  up 
the  holes  to  such  an  extent  that  it  was  impossible,  in  many  cases,  to 
screw  the  bolts  dovra  again  to  a  bearing,  and  it  was  necessary  to  drill 
out  the  holes  and  blow  out  the  dust  with  a  blast  from  an  air  pump, 
the  threads  of  the  screw  interfering  with  the  use  of  a  spoon. 

In  the  writer's  opinion,  whenever  it  is  necessary  to  use  screws  for 
attaching  fixtures  to  concrete  it  should  be  done  by  building  the  bolt 
into  the  concrete,  rather  than  the  reverse.  If,  however,  it  is  desirable 
that  the  bolt  shall  be  the  movable  piece,  then  the  nut  should  be  in 
an  enclosing  shell,  thereby  preventing  the  thread  of  the  screw  from 
coming  into  contact  with  the  concrete.  Several  hundred  bolts  of  this 
type  were  used,  with  entire  satisfaction,  for  fastening  the  Holophane 
globes  to  the  ceiling  of  the  tunnels. 

The  difference  in  the  movement  of  the  two  walls,  to  which  Mr. 
Lynch  calls  attention,  was  undoubtedly  due  to  a  change  in  the  design 
of  the  structure,  rather  than  to  any  difference  in  the  foundation,  as 
that  is  of  the  same  general  character  throughout  the  field. 

The  material  at  the  field  consisted  of  strata,  of  sand  and  gravel, 
of  varying  thicknesses.    Among  these  were  three  or  four  layers  of  a  very 
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fine,  compact  sand — material  which  would  be  quicksand  if  in  contact  Mr. 
with  water.  One  of  these  strata,  about  6  in.  thick,  occurred  about  ^^'"'"^" 
3J  ft.  below  the  base  of  the  high  retaining  walls,  and  was  uncovered 
in  excavating  for  the  foundation  of  the  adjacent  tunnels.  The  con- 
struction manager  expressed  grave  fears  that,  unless  the  foundation 
of  the  wall  was  carried  down  through  this  stratum  and  built  on  the 
coarse  sand  beneath  it,  the  wall  would  slip.  As  this  stratum  was  about 
20  ft.  above  the  level  of  ground-water,  and  as  no  water  could  reach 
it  from  above  after  the  embankment  was  concreted,  there  was  no 
danger  of  the  sand  becoming  "quick";  therefore  the  writer  believed 
that,  to  support  the  wall,  this  material  was  equal  to,  if  not  better  than, 
the  coarse  but  less  compact  sand  beneath  it,  and  he  strongly  objected 
to  the  expenditure  of  the  several  hixndred  dollars  necessary  to  extend 
the  footing  as  proposed.  In  spite  of  his  protest,  however,  the  extra 
footing  was  built  under  one  wall,  the  forms  for  the  other  wall  having 
been  erected  and  the  steel  placed  in  position  before  Mr.  Atwood  became 
connected  with  the  work.  This  extra  footing,  under  the  outer  edge 
of  the  base  of  the  T-shaped  wall,  was  built  in  the  form  of  the  frustxma 
of  a  wedge,  with  the  narrow  edge  down,  thus  reducing  the  effective 
bearing  area  of  the  sand  about  one-half,  the  sides  of  the  wedge  having 
comparatively  little  supporting  value.  This  is  the  wall  which  Mr. 
Lynch  refers  to  as  having  moved  |  in.  The  companion  wall,  at  the 
other  end  of  the  gate-house,  which  he  says  has  moved  less  than  i  in. 
is  the  same  in  all  respects,  except  that  it  is  1  ft.  higher,  thereby  sus- 
taining that  much  additional  pressure,  but  is  built  with  a  flat  base, 
as  planned  originally. 
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By  Marshall  W.  Brown,  Assoc.  M.  Am,  Soc.  C.  E. 


Marshall  W.  Brown,!  Assoc.  M.  Am.  Soc.  C.  E. — The  discussion    Mr. 
of  this  paper  has  drifted  toward  the  failure  of  concrete  structures, 
due  to  the  action  of  sea  water.     The  speaker  believes  that  great  atten- 
tion should  be  given  to  the  nature  of  the  stone  used  in  the  concrete. 

If  it  is  assumed  that  a  structure  has  been  adequately  designed  and 
properly  built  to  withstand  the  forces  acting  on  it  as  a  structure,  then 
its  life  depends  mainly  on  its  ability  to  resist  the  constant  and  all- 
powerful  force  of  sea  water  acting  on  it  as  a  destructive  agent. 

This  force  is  both  chemical  and  mechanical.  The  chemical  reac- 
tion, being  promoted  by  the  presence  of  moisture,  is  facilitated  by 
the  mechanical  action  of  the  water,  which,  carrying  away  particles 
that  have  been  disintegrated,  presents  new  surfaces  to  be  acted  on. 

The  chemical  destruction  of  any  particular  mass  of  concrete  is 
slow.  The  rate  of  the  mechanical  destruction  varies  greatly,  depend- 
ing on  the  intensity  of  the  wave  action  and  the  nature  of  the  surface 
on  which  that  action  takes  place. 

The  rate  at  which  concrete  disintegrates  increases  with  the  intensity 
of  the  wave  action,  and  with  the  increasing  roughness  of  the  surfaces 
exposed. 

In  any  volume  of  concrete  there  are  three  materials  which  are 
acted  on,  namely,  the  cement,  the  sand,  and  the  stone.  As  the  cement 
which  binds  the  whole  mass   together   is  the  one  material  which   is 

*  Discussion   of  the  paper  by   R.    E.    Bakenhus,    M.    Am.    Soc.    C.    E.,    continued 
from  March,   1917,   Proceedings. 
t  New  York  City. 
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Mr.     most    readily    acted   on   chemically,    its   rate   of   destruction   must   be 
rown.  j.g(]^Qg(j  ^Q  a  minimum.    This  is  done  in  a  number  of  ways: 

First. — By  reducing  the  quantity  of  cement  needed  in  a  mass, 
that  is,  by  proportioning  the  sizes  of  the  sand  and  stone  in 
such  a  way  that  the  volume  of  the  voids  filled  by  the  cement 
.    in  the  mass  is  as  small  as  possible. 

Second. — By  using  sand  and  stone  which  are  in  themselves  chem- 
ically inert  and  impervious  to  moisture,  and  by  placing  the 
mixture  of  these  materials  in  such  a  manner  that  the  mass, 
as  a  whole,  when  set,  is  impervious  to  moisture. 

This  eleminates  all  chance  of  disintegration  of  the  interior  of  the 
mass,  and  confines  it  to  the  surface  exposed  directly  to  the  action  of 
the  water.     Without  moisture,  chemical  action  cannot  take  place. 

The  first  disintegration  of  the  surface  of  concrete  takes  place  very 
slowly,  and  is  mainly  chemical.  The  surface  is  hard  and  smooth,  and 
the  water  has  slight  effect  on  it  mechanically.  Gradually,  the  cement 
is  eaten  away,  and  a  close  examination  shows  that  the  area  of  chemical 
action  has  been  greatly  increased  around  the  particles  of  sand.  These 
are  washed  away,  and,  as  the  action  continues,  the  stone  is  exposed. 
After  a  time,  the  whole  surface,  exposed  to  the  action  of  the  water, 
appears  to  be  one  mass  of  stone  surrounded  by  small  seams  of  mortar 
composed  of  sand  and  cement. 

Thus  far,  only  the  outer  surface  of  the  structure  has  been  dis- 
placed, and  the  integrity  of  the  whole  structure  thereafter  depends 
mainly  on  the  character  of  the  stone  used.  On  it  comes  the  chemical 
action  of  the  sea  water,  the  intensive  mechanical  action  of  the  waves 
dashing  against  it,  as  well  as  the  effect  of  frost,  all  tending  to  loosen 
and  tear  each  individual  particle  of  stone  from  the  cement  which 
binds  it  to  the  structure. 

For  this  reason  the  speaker  believes  that  the  character  of  the  stone 
has  much  to  do  with  the  life  of  a  concrete  structure  exposed  to  the 
action  of  sea  water.  The  stone  in  the  concrete  should  be  chemically 
inert,  insoluble,  non-absorbent,  and  should  present  a  surface  to  which 
the  cement  will  adhere  with  the  greatest  possible  strength. 

As  far  as  local  structures  are  concerned,  this  would  practically 
limit  such  stone  to  crushed  trap  rock,  granite,  or  washed  quartz  gravel. 

The  speaker  has  seen  many  failures  of  concrete  structures  in  sea 
water,  and  in  each  instance  he  believes  it  has  been  due  to  the  use  of 
shale  rock,  sandstone,  limestone,  and  other  rocks  of  a  sedimentary 
nature. 
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By  S.  a.  Knowles,  Esq. 


S.  A.  Knowles,!  Esq. — In  reference  to  the  speed  at  the  Rogers  Mr. 
Pass  Tunnel,  Mr.  Mcllwee,  the  original  contractor,  who  was  responsible  Snowies, 
for  the  methods  and  organization,  had  had  similar  contracts  at  the 
Roosevelt  Drainage  Tunnel,  in  Cripple  Creek,  the  Laramie-Poudre 
Tunnel,  and  several  others,  in  which  he  had  been  successful  in  main- 
taining a  high  average  footage.  The  organization  which  was  assigned 
at  the  Rogers  Pass  Tunnel  had  been  with  him  on  his  previous  under- 
takings, and  thus  their  combined  experience  enabled  him  to  obtain 
such  desirable  results. 

An  essential  factor  in  obtaining  a  high  and  uniform  footage  was 
the  ventilation.  The  speaker  had  an  opportunity  at  one  time  to  test 
the  ventilating  system,  which  comprised  12  000  ft.  of  practically  straight 
18-in.  steel  pipe  of  No.  16  gauge.  A  No.  7  Root  blower,  running  at 
100  rev.  per  min.,  gave  a  displacement  of  6  500  cu.  ft.,  and  the  indi- 
cated horse-power  required  for  either  blowing  in  or  exhausting  this 
quantity  of  air  per  minute  was  about  20. 

*  Discussion  of  the  paper  by  A.  C.  Dennis,  M.  Am.  Soc.  C.  E.,  continued  from 
March,  1917,  Proceedings. 

t  Sault  Ste.   Marie,  Mich. 
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THE   WATER  SUPPLY  OF  PARKERS  BURG,  W.   VA. 

Discussion.* 


By  Messrs.  Alexander  Potter,  Philip  Burgess,  James  H.  Fuertes, 
AND  Morris  Knowles  and  J,  D.  Stevenson. 


Alexander  PoTTER,t  Assoc.  M.  Am.  Soc.  C.  E.:j: — The  speaker  is  in     Mr. 


hearty  accord  with  Messrs.  Fuller  and  Fuertes  as  to  the  wisdom 
of  changing  the  present  method  of  determining  and  reporting 
B.  coli.  When  the  warning  signal  rings  just  as  loudly  at  the 
approach  of  a  cow,  or  a  tramp,  walking  on  the  railroad  track,  as  it  does 
for  the  fast  moving  express  train,  one  is  likely  to  have  contempt  for 
the  signal  or  demand  its  change.  When  the  presence  of  B.  coli  may 
mean  evidence  of  contact  with  anything,  from  the  human  intestine  to 
the  covering  of  a  kernel  of  wheat,  one  of  two  things  must  necessarily 
happen:  contempt  for  the  warning,  or  unnecessary  and  unwarranted 
alarm.     It  is  difficult  to  say  which  is  the  more  damaging. 

This  imnecessary  alarm  is  exhibiting  itself  in  the  laws  proposed 
for  enaction  in  certain  of  the  State  legislatures.  Certain  legislation 
existing  or  proposed  in  many  of  the  States  indicates  clearly  that  the 
authors  or  the  sponsors  for  such  legislation  lack  the  fundamental  prin- 
ciples of  sanitary  science.  These  laws  seek  to  prevent  the  entry  of 
sewage,  either  crude  or  purified,  into  the  waters  of  the  State.  Such 
a  bill  is  now  before  the  New  Jersey  Legislature,  submitted  under  the 
very  attractive  title,  "An  Act  to  Prevent  the  Pollution  of  Sources  of 

*  Discussion  of  the  paper  by  William  M.  Hall,  M.  Am.  Soc.  C.  E.,  continued 
from  March,  1917,  Proceedings. 

t  New  York  City. 

t  This  is  a  continuation  of  Mr.  Potter's  discussion  published  in  Proceedings  for 
March,  1917,  p.  475. 


Potter. 
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Mr.     Potable  Water  Supply  in  This  State."     The  principal  provision  is  eon- 
°"^'^'  tained  in  Paragraph  2,  which  reads  as  follows: 

"2.  It  shall  be  unlawful  for  any  person  or  persons,  private  or  munici- 
pal corporation,  to  discharge  into  any  water  which  may  constitute  or 
form  part  of  a  source  of  potable  water  supply  any  raw  or  treated  sewage, 
or  the  effluent  from  any  sewage  disposal  works,  after  the  date  fixed 
by  the  State  Board  of  Health  when  such  acts  shall  cease.  Notice  to 
discontinue  the  depositing  of  such  sewage  or  effluent  shall  be  given 
by  the  State  Board  of  Health  to  such  person,  or  private  or  rnunicipal 
corporation,  at  least  three  months  before  the  date  fixed  by  said  State 
Board  of  Health  as  aforesaid." 

Other  provisions  of  the  Act  leave  the  State  Board  of  Health  no 
alternative  but  to  enforce  the  law  prohibiting  the  discharge  of  the 
effluent  of  any  sewage  disposal  plant,  no  matter  what  its  degree  of 
purity  may  be. 

Another  bill,  almost  as  drastic,  has  been  made  a  law  by  the  State 
Legislature  of  Texas,  and,  in  Oklahoma,  the  Health  Officer,  6  years 
ago,  laid  down  the  principle  that  neither  crude  sewage  nor  purified 
sewage  would  be  permitted  to  enter  the  streams  of  the  State.  Even 
New  York  State  is  now  seriously  contemplating  the  abandonment 
of  hundreds  of  thousands  of  dollars  spent  on  new  public  institutions, 
because  the  authorities  feel  that  they  cannot  even  trust  the  engineer 
to  design  a  plant  which  will  insure  the  conveying  of  the  effluent  by 
pumping  from  an  efficiently  designed  sewage  disposal  plant  outside 
of  the  water-shed  of  a  portion  of  New  York  City's  water  supply. 

This  idea,  which  is  gaining  momentum,  carried  to  its  absurd  but 
logical  conclusion,  means  that  no  city  in  the  United  States  can  dis- 
charge its  sewage  into  any  body  of  water  which  is  not  tide-water.  It 
is  the  speaker's  opinion  that  the  matter  is  sufficiently  important  to 
demand  the  serious  thought  of  this  Society,  and  he  would  suggest 
that  the  attention  of  the  Board  of  Direction  be  especially  directed 
to  this  matter,  to  the  end  that  some  intelligent  measures  may  be  taken 
by  the  Society  to  counteract  this  dangerous  proposition. 

Mr.  Philip  Burgess,*  M.   Am.   Soc.   0.   E.    (by  letter)  .f— The  writer 

Burgess,  j^^g  ^^^^  ^j^jg  paper  with  much  interest.  As  stated  in  the  paper,  it  has 
been  the  author's  purpose  principally  to  discuss  the  investigations  made 
by  the  engineers  who  were  retained  by  the  City  to  determine  the  best 
method  of  obtaining  a  satisfactory  water  supply.  The  writer  was 
retained  by  Mr.  Smith,  the  contractor  for  the  system  which  was  finally 
built,  principally  to  conduct  the  preliminary  investigations  which  Mr. 
Smith  had  made  before  the  construction  of  the  plant,  and,  finally, 
to  prepare  the  plans  from  which  the  system  was  actually  constructed. 

•  Columbus,  Ohio. 

t  Received  by  the  Secretary,  March  21st,  1917. 
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The   following   discussion    is   offered   principally    for    the   purpose   of      Mr. 
describing   the   preliminary   tests   and   reports   made   prior   to   actual 
construction. 

From  his  position  as  an  outsider,  the  writer  was  particularly  in- 
terested in  the  opinions  of  the  comparatively  large  niimber  of  engineers 
obtained  before  the  City  authorities  finally  agTeed  as  to  the  system 
which  was  considered  best  adapted  to  serve  the  needs  of  the  city.  The 
writer  was  led  to  believe  that  perhaps  this  condition  was  attributable 
largely  to  the  fact  that  the  reports  of  the  engineers  as  submitted  were 
not  sufficiently  conclusive  and  convincing,  and  that  they  contained 
serious  differences  of  opinion. 

The  first  report  submitted  by  Messrs.  Chapin  and  Knowles  recom- 
mended "that  the  ultimate  object  to  be  looked  forward  to  is  the 
establishing  of  new  water-works  at  the  Camden  Farm,  with  the  build- 
ing of  either  wells  or  a  mechanical  filter  plant;  the  former,  if  in- 
vestigations show  the  feasibility,  and  the  latter,  if  not  so  found." 

Again,  on  page  16,  of  that  report,  it  is  stated:  "It  cannot  be  too 
strongly  urged  that,  while  the  well  proposition  is  attractive,  further 
investigations  should  be  made,  perhaps  in  other  localities  nearer  the 
proposed  reservoir  site." 

It  is  apparent  that,  although  this  report  seemed  to  favor  the  con- 
struction of  a  well  system,  it  showed  that  the  engineers  were  not  in 
a  position  to  make  a  definite  recommendation  for  building  such  a 
system  without  further  investigations. 

Under  date  of  February  21st,  1910,  Messrs.  James  H.  Fuertes  and 
George  W.  Fuller  submitted  to  the  city  officials  a  joint  report,  in  which 
appears  the  following  statement: 

"We  find,  as  will  be  seen  from  the  estimates  of  cost  of  construction 
and  operation,  that  a  first-class  well  system  ai>d  a  first-class  filter  system 
at  the  Camden  Farm  are  substantially  on  a  parity  as  to  the  quality 
of  the  water,  and  as  to  cost,  both  of  construction  and  of  operation 
(when  a  suitable  charge  for  the  required  land  is  made  •  against  the 
well  system),  and  that  either  plant  could  be  depended  upon  to  supply 
such  quantity  of  water  as  would  be  needed  by  the  city  for  some 
years.    *    *    *." 

The  conclusions  and  recommendations  of  Messrs.  Fuertes  and 
Fuller  were  very  definite,  but  an  examination  of  their  report  indicates 
that  these  conclusions  and  recommendations  were  based  on  certain 
assumptions,  as  shown  on  page  13  of  that  report,  as  follows : 

"During  wet  weather,  perhaps  when  the  water  in  the  Ohio  River  is 
high,  it  appears  to  us  that  the  source  of  water  contained  in  the  pores 
of  the  extensive  sand  and  gravel  layers  is  largely  river  water,  but  to 
some  extent  water  from  upland  sources,  the  high  river  stage  damming 
up  some  of  the  upland  water. 

"We  are  firmly  of  the  opinion  that,  during  low-water  stages  in  the 
Ohio  River,  the  water  which  can  be  drawn  from  the  strata  is  that 
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Mr.      which  has  been  stored  within  the  pores  of  the  material  at  times  of 

Burgess,  previous  high  water  in  the  river.    As  this  stored  water  is  removed,  or 

naturally  flows  away,  we  are  certain  that,  during  low  stages  in  the 

river,    whatever    water    enters    these   sub-surface    strata    of    sand    and 

gravel  is  largely  of  river  origin. 

"Our  conclusion,  therefore,  is  that,  as  a  source  of  supply  for  a 
municipality,  the  water  from  the  underground  sources  in  question,  at 
the  end  of  protracted  droughts,  must  come  from  the  Ohio  River  through 
the  bottom  or  sides  of  the  present  river  bed  along  the  stretch  of  the 
bottom  lands  below  Briscoe." 

The  conclusions  of  the  engineers  as  to  the  source  of  the  gravel- 
water  modified .  their  report,  as  will  be  shown  in  the  following  discus- 
sion. On  pages  14  and  15,  of  the  report,  appear  the  following  state- 
ments : 

"In  the  first  place,  it  was  found  that  the  water  in  the  porous  sand 
and  gravel  layers  in  question  did  not  rise  to  such  high  levels  as  found 
in  the  river  itself.  This  is  true  as  indicated  by  readings  in  test  wells 
almost  at  the  bank  of  the  river;  and  shows  that,  even  during  fairly 
high  velocities  in  the  river,  there  is  still  so  much  mud  and  silt  de- 
posited on  the  sides  and  bottom  of  the  river  that  a  considerable  head 
is  required  to  overcome  the  friction  sufficiently  to  allow  the  water, 
in  substantial  quantities,  to  pass  through  this  thin  and  more  or  less 
impervious  deposit  of  mud." 

This  statement  is  of  interest,  in  view  of  the  fact  that  the  bottom 
of  the  Ohio  at  Parkersburg  is  always  clean  and  free  from  deposits  of 
silt. 

In  their  concluding  discussion  of  the  quality  of  the  supplies,  the 
engineers  stated  as  follows: 

"There  are  some  slight  differences  in  quality  of  the  water  from 
wells  and  from  filters,  the  principal  feature  of  which  would  be  hardness 
on  account  of  the  wells  yielding  water  coming  largely  from  the  Ohio 
River  at  times  when  it  is  in  flood  and  fairly  soft.  We  do  not  attach 
much  importance  to  this  difference  because  ultimately  during  low- 
water  periods  the  well  water  would  also  have  its  source  in  the  Ohio 
River.  So  far  as  quality  is  concerned,  we  put  waters  from  filters  and 
from  wells  in  the  vicinity  of  the  Camden  Farm  on  a  parity.     *     *     *." 

In  describing  the  well  system  and  its  operation,  the  engineers  recom- 
mended the  following  method  of  increasing  the  supply  during  low- 
water  stages: 

"River  Plant.  To  insure  the  removal  of  mud  and  silt  from  the  bot- 
tom of  the  river  adjacent  to  the  well  plant  at  the  latter  end  of  low-water 
periods,  we  have  considered  it  prudent  to  provide  for  a  hydraulic 
dredge  located  upon  a  barge  equipped  with  25-horse  power  engines, 
steam-driven,  and  which  would  operate  not  only  the  centrifugal  pumps 
for  dredging  purposes,  but  also  some  arrangement  for  propelling  the 
boat  at  intervals  up  and  down  this  distance  of  4  000  ft.  adjacent  to 
the  wells.     The  suction  of  these  dredges  would  be  specially  designed, 
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resting  upon  a  shoe  and  with  the  end  attached  to  a  special  casting,      Mr. 

with  a  view  to  removing  say  for  a  depth  of  1  or  2  in.  the  material  Burgess. 

over  as  wide  a  strip  as  possible.     It  is  probable  that  such  a  general 

device  could  be  arranged  so  as  to  clean  the  bed  of  the  river  for  a 

width  of  20  or  25  ft.  and  for  a  length  of  4  000  ft.  in  a  working  day. 

This  would  give  an  available  filtering  area  of  roughly  two  acres.  *  *  *. 
"We  estimate  that  the  annual  cost  of  operation  and  maintenance 

of  a  4  000  000-gal.  well  water  project,  exclusive  of  fixed  charges,  would 

be  as  follows: 

Fuel,  based  on  gas $11  680 

Pay-roll    4  000 

Supplies,  repairs,  and  renewals  (average) ...        4  000 
River  dredging 3  680 

Total    ■ $23  360 

"We  estimate  that  the  annual  cost  of  operating  and  maintaining 
a  4  000  000-gal.  filter  plant  in  a  first-class  manner,  and  of  pumping  the 
water  to  the  distributing  reservoir,  exclusive  of  fixed  charges,  would 
be  as  follows: 

Fuel,  based  on  gas $11  000 

Pay-roll    6  500 

Coagulants     2  500 

Supplies,  repairs,  and  renewals  (average) ...        4  000 

Total $24  000" 

From  these  citations,  it  is  apparent  that  the  conclusions  of  the 
engineers  as  to  the  cost  of  operation  and  as  to  the  comparative  merits 
of  supplies  derived  from  a  filter  plant  or  from  a  well  system  were 
largely  influenced  by  their  assumption  as  to  the  source  of  the  well 
water.  It  was  this  assumption  in  regard  to  the  source  of  the  well 
water  and  in  regard  to  the  method  of  maintaining  and  increasing  the 
available  well  water  supply  during  dry-weather  conditions,  which  was 
not  convincing  or  conclusive  to,  at  least,  some  of  the  city  officials  and 
members  of  the  Water  Commission.  If  one  omits  the  annual  cost 
of  river  dredging,  estimated  at  $3  680,  from  that  of  operating  the 
well  system,  it  is  materially  less  than  that  of  operating  mechanical 
filters,  as  determined  by  the  engineers.  In  other  words,  omitting  such 
cost  of  river  dredging,  and  assuming  the  filtered  river  supply  and 
well  water  to  be  equally  satisfactory  as  to  quality,  the  engineers'  con- 
clusions and  recommendations  for  establishing  a  mechanical  filter 
plant  were  jiot  warranted. 

Messrs.  Fuertes  and  Fuller  did  not  agree  with  the  conclusions  of 
Mr.  Clapp,  who  thought  that  the  ground-water  at  the  wells  had  its 
source  partly  from  the  sand  plain  districts  and  partly  from  the  bottom- 
lands in  the  main  valley  of  the  Ohio. 

As  stated  by  the  author,  the  City  finally  employed  Mr.  Samuel  M. 
Gray,  who  submitted  a  final  report,  under  date  of  May  26th,   1910, 
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Mr.      which  was  so  convincing  and  conclusive,  especially  as  to  the  merits 
Burgess.  ^£  ^j^g  system  advocated  by   Mr.   Smith,  that  the   City  soon  entered 
into  an  agreement  with  Mr.  Smith  to  build  his  system. 

The  author  has  given  a  very  interesting  discussion  of  the  pre- 
liminary investigations  made  at  Parkersburg  to  determine  the  com- 
parative merits  of  supplies,  obtained  either  by  filtering  the  Ohio 
Eiver  water  or  by  puting  in  wells  adjacent  to  the  river.  However,  he 
does  not  mention  any  of  the  preliminary  studies  made  to  determine 
the  feasibility  of  the  Smith  system.  This  feature  of  the  work  embraced 
perhaps  a  more  thorough  investigation  than  was  made  to  determine 
the  merits  of  the  well  system.  Moreover,  it  is  the  writer's  belief 
that  the  final  success  of  the  Smith  system  at  Parkersburg  is  attribu- 
table largely  to  the  thoroughness  with  which  the  preliminary  tests 
were  conducted  to  determine,  first,  the  feasibility  of  putting  in  such 
a  system,  and,  finally,  to  determine  the  best  location  for  the  plant. 
•  Briefly  stated,  the  method  of  conducting  the  preliminary  tests  in- 

cluded the  sampling  of  the  underflow  of  the  river,  as  obtained  by 
driving  small  well  points  to  depths  ranging  from  3^  to  5  ft.  beneath 
the  surface  of  the  bar.  Water  was  pumped  from  these  well  points  for 
such  a  time  as  was  required  to  obtain  a  clear  sample  which  was 
finally  analyzed  for  the  purpose  of  determining  its  chemical  constit- 
uents. It  was  recognized  that  two  important  features  must  be  con- 
sidered in  selecting  the  location  for  the  system,  namely,  that  the 
underground  water  must  not  contain  an  excessive  quantity  of  iron,  and 
that  it  must  not  be  excessively  hard,  as  compared  with  the  river  water. 

The  first  preliminary  tests  were  made  at  Parkersburg  on  August 
6th  and  7th,  1909.  At  this  time  only  four  tests  were  made,  at  stations 
extending  from  about  5  000  ft.  to  1000  ft.  above  the  city  pumping 
station.  The  results  of  the  analyses  of  the  samples  collected  at  this 
time  are  shown  in  Table  1. 

The  analyses  indicated  considerable  difi^erences  in  the  quality  of 
the  water  beneath  the  bar  at  the  different  stations.  At  Station  1, 
which  was  near  the  foot  of  Neals  Island  and  between  the  two  channels 
of  the  river,  the  ground-water  was  found  to  be  comparatively  hard 
and  of  high  iron  content.  This  was  true  also  at  Station  4,  which  was 
1  000  ft.  above  the  city  pumping  station.  At  Station  3,  the  ground- 
water obtained  from  beneath  the  river  was  softer  than  the  river  water 
and  of  low  iron  content.  Near  this  station,  on  August  8th,  a  hole, 
about  15  ft.  in  diameter,  was  dredged  in  the  river  bar  to  a  depth  of 
5  ft.  and,  in  this  hole,  was  placed  an  8-in.  brass  strainer,  8  ft.  long, 
in  a  horizontal  position.  The  strainer  pipe  was  covered  with  18  in. 
of  gravel  and  about  42  in.  of  sand.  Water  was  pumped  from  the 
strainer  by  a  2-in.  centrifugal  pump  for  the  purpose  of  determining 
the  quality  of  the  water  collected  in  the  strainer  pipe.  Representative 
analyses  of  the  river  water  and  that  obtained  from  the  strainer  are 
shown  in  Table  2. 
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TABLE   1. — Results  of  Tests  of  Water   Obtained  from   Beneath     Mr. 
THE  Bottom  of  the   Ohio  River,  by  Drivinc;  Well  Points,  at  ^'^'■^<^^''- 
Parkersburg,  W.  Va. 

(Results  in  parts  per  million.) 


Station  No 

Depth  of  sample  below  surface  j 

of  bar I 

Sample  No 

Date  of  collection 

Time 

Temperature,  in  degrees,  centi 

grade  

Turbidity 

FreeCOs 

Dissolved  oxygen 

Chlorine 

Iron  (Fe) 

Alkalinity 

Incrustanfs 

Total  hardness 

Station  No 

Depth  of  sample  below  surface 
of  bar 

Sample  No 

Date  of  collection 

Time 

Temperature,  in  degrees,  centi- 
grade   

Turbidity 

FreeCOo 

Dissolved  oxygen 

Chlorine 

Iron  (Fe) 

Alkalinity 

Incrustants 

Total  hardness 


Surface  of 

river 

1 

8/6 

3  p.  M. 

28.0 
11 

0 

9.0 


j-  2.5  ft.  ■} 

2 

8/6 
4.30  P.  M. 

23.0 

5 
23 

2.0 

'5.0 
174 


Surface  of 

river 

3 

8/7 
8.30  a.  m. 

26.0 
17 
0 

7.7 

31 

0.5 

17 

100 

117 


2 
3.0  ft. 

4 

8/7 
8.45  A.  M 

23.0 
0 
11 


2 

4.0  ft. 
5 

8/7 


23.0 

0 

18 

1.8 

14 

.    6.0 

58 

20 

78 


3 

2.0  ft. 
6 

8/7 
11.45  a.  m. 

23.0 

0 
30 

1.0 

8 

0.5 
44 
15 
59 


3.0  ft. 

8/7 
12.30  A.  M. 

23.0 

0 
30 

1.0 

7 

0.9 
42 

5 
47 


2.0  ft. 

8 

8/7 

1.55  P.  M. 

25.0 

0 
26 

2.4 
10 

1.8 
75 

0 
75 


2.0  ft. 

9 

8/7 

3.30  p.  M. 


17 
1.0 
136 

25 
161 


TABLE  2. — Preliminary  Tests  of  Smith  System  at  Parkersburg, 

W.  Va.,  August  10th-15th,  1909. 

(Results  in  parts  per  million.) 


Source  of  samples 

Sample  No 

Date  of  collection 

Time 

Temperature,  in  degrees, 
centigrade 

Turbidity 

Free  CO2 

Dissolved  oxygen 

Chlorine 

Iron  (Fe) 

Alkalinity 

Incrustants 

Total  hardness 

Total  solids 

Loss  on  ignition 

Nitrogen,  as  nitrites 

"  as  nitrates 

Oxygen  consumed 

Bacteria,  per  cubic  centi- 
meter  

Coli  present  in 


River 

10 

8/10 
10.30  A.  M. 

26.0 
15 


56 
1.2 

20 
110 
130 


Strainer 
11 

8/10 
10.30  A.  M. 

25.0 
0 


24 
0.5 
24 

85 
109 


River 

12 

8/15 
9.30  A.  M. 

24.0 
1750 

2.5 

7.0 
21 

15.0 
42 
50 
92 
749 
58 

0.010 

0 

9.3 

8  700 

0.05  c.c. 


Strainer 
13 

8/15 
9.30  A.  M. 

23.0 

0 
23 

3.8 
17 

1.8 
34 
15 
49 
167 
28 

0.008 

0 

1.8 

82 
O.Sc.c. 
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Mr. 

Burgess. 


In  general,  the  water  obtained  from  the  strainer  pipe  was  entirely 
clear,  even  when  the  river  water  had  a  turbidity  of  nearly  2  000  parts 
per  million;  moreover,  the  total  hardness  of  the  strainer  water  was 
less  than  that  of  the  river  water.  It  was  undoubtedly  true  that  the 
success  of  this  preliminary  test  interested  a  large  ntmiber  of  citizens 
and  officials  at  Parkersburg,  and  showed  theni  the  possibility  of  ob- 
taining a  satisfactory  water  supply  in  this  manner. 

At  the  request  of  Mr.  Gray,  still  further  tests  were  made  on  May 
7th,  1910,  to  determine  the  quality  of  the  water  in  the  bar  beneath 
the  river  and  the  feasibility  of  obtaining  a  satisfactory  supply  from 
horizontal  strainers  placed  beneath  the  bed  of  the  river.  At  this  time, 
also,  by  means  of  a  dredgeboat,  the  material  composing  the  bar  was 
excavated  and  examined  thoroughly  to  determine  its  characteristics 
at  numerous  points  in  the  river. 

As  was  true  during  the  first  preliminary  tests,  considerable  dif- 
ferences were  noted  in  the  character  of  the  water  obtained  from  beneath 
the  river  at  different  depths  beneath  the  surface  of  the  bar  and  at 
different  locations  in  the  bar.  The  results  of  the  analyses  of  the 
samples  collected  at  this  time  are  shown  in  Table  3. 

TABLE  3. — Eesults  op  Tests  of  Water  Obtained  from  Beneath 
THE  Ohio  River,  by  Driving  Well  Points,  at  Parkersburg, 
W.  Va.,  May  7th,  1910. 

(Results  in  parts  per  million.) 


Station 

Depth  of  sample  below  ) 

surface  of  bar ( 

Sample  No 

Time  of  collection 

Temperature,     in      de-  / 

grees,  centigrade ( 

Turbidity 

Free  CO2 

Dissolved  oxygen 

Chlorine 

Iron  (total  Fe) 

Alkalinity 

Incrustants 

Total  hardness 

Total  solids 

Loss  on  ignition 


1 

1 

Surface 

J-   2.0  ft. 

of  river 

1 

1 

11  A.M. 

11  A.  M. 

15.5 

14.0 

35 

50  ± 

1 

4 

9.1 
15 

9 

4.0 

2.0 

24 

128 

28 

20 

47 

148 

176 

236 

68 

42 

1 

3.5  ft. 

3 
12.20  P. 

13.3 

10  ± 

4 

2.6 

9 

0.2 

142 

15 

157 

203 

43 


1 

5.0  ft. 

4 

1  P.  M. 

13.3 

5  ± 
5 

0.7 

10 

0.1 

223 

10 

233 

289 

17 


2 
Surface 
of  river 
5 
4  p.  M. 


13 

1.5 
20 
27 
47 
136 
29 


J-   4  ft. 

6 

4:30  P.  H 

13.3 

0± 

3 

2.2 
13 

0.3  ■ 
40 
12 
52 
169 
46 


After  the  City  had  entered  into  a  contract  with  Mr.  Smith  to  build 
his  system,  still  further  tests  were  made  by  the  writer  in  June  and 
July,  1910,  for  the  purpose  of  determining  the  best  location.  More 
than  seventy-five  well  tests  were  made  at  intervals  of  about  100  ft. 
over  the  river  bottom,  and  a  small  pile-driver  was  rigged  up  on  a 
small  flatboat  to  assist  in  driving  the  well  points.  The  sampling 
stations  were  located  by  stadia  measurements  from  a  base  line  on 
the  bank  of  the  river.  By  this  method  of  testing,  it  was  learned  that 
the  best  location  for  the  system  proposed  was  not  opposite  the  Camden 
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Farm,   but  several   thousand   feet   below  this  farm  at  a  point  where      Mr. 
the  material  composing  the   river  bar  was  very  satisfactory  and  the^""^^*"**^' 
underlying  water  was  of  low  iron  content  and  softer  than  the  river 
water.     Consequently,   this  location  was  selected  as  best  adapted  for 
the  system. 

Further  studies  of  the  design  of  the  proposed  strainer  system 
indicated)  the  desirability  of  dividing  it  into  a  number  of  units  with 
independent  suction  lines, '  rather  than  to  make  only  two  units,  as 
was  contemplated  in  the  original  plan.  Moreover,  on  account  of  the 
large  losses  of  head  which  would  develop  during  back-flushing,  it  was 
realized  that  the  pumping  station  shotild  be  at  the  nearest  possible 
point  to  the  strainer  system.  As  shown  by  the  author,  the  strainer 
system,  as  constructed,  was  composed  of  five  individual  units,  each 
connected  by  separate  18-in.  suction  lines  to  the  main  suction  of  the 
pumps,  and  the  latter  were  near  the  river  bank  opposite  the  center 
of  the  strainer  system. 

It  is  the  writer's  belief  that  two  important  features  of  construction 
have  contributed  especially  to  the  success  of  the  strainer  system, 
namely,  the  provision  of  a  deep  bed  of  clean,  coarse  gravel  over  the 
entire  area  covered  by  the  strainer  system,  and  the  reduction  in  the 
area  of  the  strainer  pipes  at  their  connections  to  the  main  distributing 
pipes  to  a  diameter  of  2^  in.  The  deep  gravel  layers  have  increased 
the  capacity  of  the  strainer  system  materially,  and  also  the  reduction 
in  the  area  of  the  connections  of  the  strainer  pipes  has  also  increased 
the  efficiency  of  back-flushing  the  system,  by  introducing  a  loss  of 
head  at  this  point,  thus  causing  a  better  distribution  of  the  wash- 
water. 

In  view  of  the  possible  differences  of  opinion  as  to  the  source, 
or  sources,  of  the  water  in  the  adjacent  gravel  bed  along  the  Ohio 
River,  and  also  in  the  gravel  beneath  the  river,  it  may  be  noted,  first, 
that  the  entire  river  bottom  at  Parkersburg  is  covered  to  a  depth  of 
approximately  18  in.  with  very  hard  impervious  gravel  layers  firmly 
cemented  together.  In  fact,  in  some  places,  during  the  preliminary 
testing,  the  gravel  layers  were  so  tight  that  it  was  found  impossible 
to  pump  water  from  the  well  points  after  they  were  driven.  This 
feature  is  of  interest  in  considering  the  recommendations  contained 
in  one  of  the  preliminary  reports  to  use  a  hydraulic  dredge  of  such 
design  that  it  would  remove  material  from  the  river  bar  to  a  depth 
of  1  or  2  in.  Experience  in  dredging  material  from  the  bottom  of 
the  Ohio  shows  that  it  is  impossible  to  use  hydraulic  dredges  in  this 
river  above  Portsmouth,  Ohio,  on  account  of  the  compactness  of  the 
surface  material. 

Moreover,  some  light  as  to  the  probable  source,  or  sovirces,  of 
water  obtained  at  shallow  depths  from  beneath  the  river  may  appear 
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Mr.      from  Table  4,  showing  results  of  analyses  of  samples  of  water  collected 
Burgess.  ^^  ^^^  writer  at  Sistersville,  W.  Va.,  on  August  1st,  1910. 

TABLE  4. — Eesult  of  Analyses  of  Samples  of  Water  from  the 

Ohio  River  at  Sistersville,  W.  Va.,  August  1st,  1910. 

(Results  in  parts  per  million.) 


stations 

Depih  of  water,  in  feet 

Temperature,  in  degrees,  centigrade. 

Dissolved  oxygen 

Total  solids 

Iron  (as  Fe) 

Incrustants 

Alkalinity* 

Total  hardness 

Chlorine 


*  Alkalinity,  August  3d,   1910,   Sample  No.  1  =  28  ;   No.  2  =  5  ;   No.   3  =  44. 
Note.— Samples  of  ground-water  were  obtained  4.0  ft.  beneath  the  surface  of  the 
bar. 

The  samples  in  Table  4  were  obtained  from  the  bar  at  different 
stations  near  the  center  of  the  river  by  exactly  the  same  method  as 
that  used  at  Parkersburg,  and  it  is  of  interest  to  note  that,  even  at 
shallow  depths  beneath  the  surface  of  the  bar,  the  ground-water  was 
of  remarkably  high  mineral  content.  The  samples  were  clear  when 
collected,  but  in  15  min.  they  looked  like  tomato  ketchup. 

The  writer  has  made  a  large  number  of  other  investigations,  along 
similar  lines,  to  determine  the  character  of  the  water  obtained  at 
shallow  depths  beneath  river  bars,  principally  at  Owensboro,  Ky., 
Gallipolis,  Ironton,  Zanesville,  Portsmouth,  and  jSTewark,  Ohio,  and 
Wheeling,  W.  Va.,  and,  in  all  cases,  the  results  obtained  have  been 
generally  similar  to  those  at  Parkersburg.  The  tests  have  indicated 
great  variations  in  the  quality  of  the  water  at  different  locations 
and  at  different  depths  of  sampling.  The  writer's  conclusion  is  that 
the  underground  water,  even  at  shallow  depths,  is  always  of  very 
different  quality  from  the  river  water,  especially  during  low  stages  of 
the  streams;  also,  that  during  low  stages  it  cannot  have  its  source 
in  the  river,  but  must  come  from  adjacent  higher  territory  and  flow 
toward  the  river. 

An  interesting  feature  was  developed  at  Parkersburg  where,  in 
some  cases,  the  water  obtained  from  the  well  points  was  of  very  high 
iron  content  and  contained  only  5  parts  of  incrustants  when  analyzed 
by  the  usual  methods.  Its  alkalinity  was  55  parts.  Two  or  three 
such  points  were  included  within  the  area  covered  by  the  strainer 
system,  and  excavations  disclosed  the  fact  that  a  log  or  trunk  of 
an  old  tree  had  been  deposited  and  covered  within  the  river  bar. 
Immediately  arotmd  these  logs,  for  distances  of  about  10  ft.,  the 
surrounding  gravel  and  sand  was  filled  with  iron.  When  the  log  and 
iron  deposits  were  removed,  the  quality  of  the  water  obtained  from 
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the  ground  changed,  and  resembled  that  flowing  from  adjacent  areas.      Mr. 
Its  iron  content  was  reduced  to  about  0.3  part  per  million,  the  incrust-    ^^^^ 
ant&   increased  to  about  70  parts,  and  the  alkalinity  was  reduced  to 
about  40  parts.     The  writer  has  no  explanation  for  this  phenomenon. 

In  that  part  of  the  report  of  Messrs.  Fuertes  and  Fuller  which 
discusses  the  quality  of  the  ground-water  obtained  from  the  test 
wells  it  is  stated  that,  in  some  instances,  the  ground-water  contained 
objectionable  quantities  of  iron  "due  to  the  water  dissolving  iron 
during  the  long  intervals  of  standing  in  contact  with  the  metal;" 
and,  again,  that  the  large  quantity  of  iron  in  the  well  water  at  the 
steel  plant  is  explained  "partly  by  the  flow  of  water  through  a  long 
line  of  pipe."  The  writer  believes  that  these  statements  should  not 
go  unquestioned,  because  undoubtedly  the  high  iron  content  of  the 
ground-water  was  not  attributable  to  its  contact  with  iron  pipes,  but 
the  iron  was  present  in  the  water  in  the  gravel  strata.  It  is  significant 
that  the  test  wells  producing  water  of  high  iron  content  were  opposite 
those  points  in  the  river  where  the  well  point  tests  indicated  that 
the  underground  water  beneath  the  river,  also,  was  of  high  iron 
content.  It  is  a  common  popular  fallacy  to  attribute  the  iron  found 
in  some  well  waters  to  their  contact  with  the  pipes. 

Moreover,  the  writer  would  question  the  judgment  which  dictated 
placing  the  wells  along  the  river  bank  400  ft.  apart.  Such  a  spacing 
would  seem  to  be  too  great,  and  would  not  make  available  all  the  water 
contained  in  the  gravel  strata.  Although  the  water  levels  in  the  test 
wells  indicated  that  the  contours  were  parallel  to  the  river  bank,  it 
should  be  noted  that  these  levels  were  taken  during  comparatively 
high  stages  of  the  river.  It  is  the  writer's  opinion  that  if  levels  had 
been  taken  during  low  stages,  it  would  have  been  found  that  the 
ground-water  table  had  a  different  slope,  and  that  the  flow  of  water 
would  have  been  slightly  down  stream  toward  the  river  bank.  This, 
would  conform  more  nearly  to  the  conclusions  of  Mr.  Clapp,  as  stated 
in  his  report. 

It  is  believed  that  experience  at  Parkersburg  warrants  the  conclu- 
sion that  each  of  the  following  features  is  of  importance  and  should 
be  considered  in  the  construction  of  strainer  systems  or  infiltration 
plants  of  this  type: 

1. — The  presence  of  a  permanent  bar  of  sand  and  gravel  of  suit- 
able size  within  a  reasonable  distance  of  the  pumping  station 
to  which  the  water  is  to  be  carried; 

2. — The  constant  submergence  of  the  bar  from  which  the  supply 
is  to  be  obtained; 

3. — The  velocity  of  flow  in  the  stream,  which  velocity  must  be 
sufficient  to  maintain  the  bar  clean  and  free  from  silt  and 
other  drift; 
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Mr.  4.— The  depth  at  which  the  collecting  units  are  placed  with  rela- 

""^^^^^^  tion  to  the  bottom  of  the  stream ;  and 

5. — The  character  of  the  water  which  is  found  beneath  the  bottom 
of  the  stream. 
Experience  at  Parkersburg  has  shown,  also,  that  it  is  very  important 
that  there  should  be  a  suitable  meter  or  measuring  device  on  each 
suction  line  from  each  section  of  the  system.  Without  such  meters, 
it  is  impossible  to  operate  the  different  sections  of  the  system  at  the 
same  rate.  Immediately  after  back-flushing  a  section,  the  loss  of  head 
is  very  much  decreased,  and  it  is  difficult  to  avoid  excessive  rates  of 
filtration  from  the  newly  washed  unit  without  a  suitable  meter. 

Although  this  paper  was  presented  primarily  with  a  view  of  dis- 
cussing the  preliminary  investigations  by  engineers  to  determine  the 
merits  of  the  various  water  supplies  available  at  Parkersburg,  it  may 
be  well  to  mention  briefly  the  merits  of  the  system  actually  built.  Its 
obvious  advantages  are  its  low  cost  of  operation  and  its  simplicity 
and  ease  of  operation.  The  annual  cost  of  operation  is  only  one-half 
of  the  estimated  cost  of  a  suitable  well  system  or  rapid  sand  fllter 
plant,  as  discussed  in  the  preliminary  reports  of  the  consulting  engi- 
neers. Moreover,  the  operation  of  the  plant  is  accomplished  success- 
fully without  expert  control. 

Though  it  may  be  true  that  the  results  accomplished  by  the  plant 
are  not  within  certain  arbitrary  standards  adopted  by  Federal  author- 
ities, it  is  to  be  noted  that  the  plant  was  constructed  under  more  severe 
guaranties  of  efficiency  than  have  ever  been  enforced  at  any  other 
water  purification  plant  in  the  United  States.  Moreover,  the  plant 
was  accepted  on  the  basis  of  these  guaranties  and  on  the  basis  of 
thorough  tests  of  operation  by  a  competent  representative  of  the  City. 
It  is  the  writer's  belief  that  the  City  should  erect  a  suitable  chlori- 
nating plant  as  an  additional  precaution  in  securing  always  an  entirely 
satisfactory  supply.  In  doing  so,  however,  it  should  be  recognized 
that  the  city  is  taking  no  additional  precautions  other  than  those  now 
adopted  by  very  nearly  all  cities  which  obtain  their  water  supplies 
from  either  rapid  or  slow  sand  filters.  There  is  no  doubt  that  the  results 
obtained  by  the  present  plant  are  comparable  with  those  from  rapid 
sand  filters,  and  that  the  cost  of  operation  is  so  low  that  it  makes  the 
type  now  in  use  at  Parkersburg  of  very  great  advantage  to  any  city 
where  conditions  are  such  as  to  permit  of  its  satisfactory  installation. 
Mr.  James  H.  Fuertes,*  M.  Am.  Soc,  C.  E. — Messrs.  Fuller,  Hill  and 

Fuertes.  p^^ter,  having  discussed  quite  fully  the  principal  and  more  important 
matters  dealt  with  by  Mr.  Hall,  a  few  remarks  concerning  experiences 
with  somewhat  similar  methods  of  securing  water  from  river  beds 
may  be  of  interest. 

*  New  York  City. 
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A  number  of  water   companies   and   cities   on   the'  Allegheny   and      Mr. 
Ohio  llivers  in  the  vicinity  of  Pittsburgh  take  water  from  these  rivers 
by  a  plan  having  general  features  in  common  with  those  of  the  plan 
adopted  at  Parkersburg. 

About  10  years  ago  three  citizens  of  Wilkinsburg,  Pa.,  a  suburb  of 
Pittsburgh,  brought  suit  against  the  Pennsylvania  Water  Company 
to  compel  that  company  to  furnish  pure  water,  as  required  by  the 
terms  of  its  charter.  The  suit  was  rather  unique,  and  was  one  of 
the  few  recorded  in  which  a  decree  has  been  entered  directing  a  com- 
pany to  secure  and  provide  a  sufficient  supply  of  pure  and  wholesome 
water.  The  supply  against  which  complaint  was  made  was  drawn 
from  gravel-covered  cribs  in  the  Allegheny  River  bottom.  The  first 
supply  crib,  built  in  1897,  was  32  ft.  wide,  308  ft.  long,  and  5  ft.  high, 
made  of  2  by  6-in.  and  2  by  8-in.  planks,  placed  edgewise  and  flatwise, 
and  separated  by  intervals  of  2  in.  A  24-in.  pipe  extended  from  the 
interior  of  the  crib  to  the  pump-well  on  the  shore.  The  crib  was  sunk 
in  a  dredged  excavation,  about  300  ft.  from  the  north  shore  of  the 
river,  and  at  a  depth  placing  the  top  of  the  crib  about  5  ft.  below 
the  natural  bed  of  the  river.  The  excavation  was  refilled  and  the  crib 
covered  to  a  depth  of  1  ft.,  with  2-in.  gravel,  and  then  with  from  4 
to  4 J  ft.  of  sand  and  fine  gravel,  such  as  had  passed  through  a  li-in. 
mesh  screen.  The  depth  of  the  water  over  the  crib  was  ordinarily 
from  8  to  10  ft. 

It  was  shown  by  analysis  of  the  water  that  the  supply  was  drawn 
partly  from  the  river  by  filtration  through  the  gravel  over  the  cribs, 
and  partly  from  the  sub-stratum  of  ground-water  in  the  30-ft.  bed  of 
gravel  and  sand  in  the  river  bottom. 

In  1902,  two  additional  cribs,  each  48  ft.  wide,  408  ft.  long,  and 
5  ft.  deep,  were  put  in  service.  They  were  constructed  in  the  same 
general  manner  as  the  first,  but  excluded  from  the  gravel  covering 
stones  larger  than  1  in.  in  diameter.  Three  cribs  were  sunk  side  by 
side  and  10  ft.  apart,  and  a  line  of  42-in.  pipe,  decreasing  to  24-in. 
in  diameter,  was  laid  in  the  10-ft.  space  between  the  cribs,  with  four 
short  pipe  connections  therefrom  to  each  crib  about  equally  spaced 
throughout  their  length.  The  main  42-in.  pipe  was  extended  under 
the  river  bottom  to  the  pump-well  on  shore. 

The  water  from  the  cribs  discharged  under  its  own  head  into  the 
pump-well,  and  was  pumped  thence  to  a  reservoir,  from  which  the 
street  mains  distributed  it  to  the  consumers. 

After  periods  of  operation  of  varying  lengths,  the  surfaces  of  the 
gravel  over  the  sunken  cribs  would  become  more  or  less  choked  with 
silt,  dirt,  and  other  matters  suspended  in  the  river  water,  and  gradu- 
ally fail  to  yield  a  sufficient  supply.  To  relieve  this  shortage,  the 
company  had  recourse  to  cleaning  or  washing  the  filter  areas  with 
water.     The  filtering  area  immediately  over  the  cribs — with  all  three 
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Mr.  cribs  in  use — 'was  about  1.13  acres ;  undoubtedly,  however,  water 
^^^  ^^'  entered  the  cribs  from  the  bottom  and  from  areas  outside  of  the  boun- 
dary lines  of  the  cribs.  It  is  not  possible,  therefore,  to  state  the  rate 
of  filtration  per  unit  of  area  per  day,  except  that  it  was  less  than 
about  7  000  000  gal.  per  acre  per  day  by  the  quantity  derived  from 
sources  other  than  the  filtering  area  over  the  cribs. 

The  plan  followed  in  cleaning  these  filter  areas  was  to  drag  back 
and  forth  across  the  area  a  rake  having  a  2-in.  pipe  header,  3  ft. 
long  with  seven  teeth,  15  in.  long,  each  perforated  with  two  ^-in. 
holes  on  the  front  and  one  in  the  end,  water  being  forced  down  through 
this  rake  at  a  pressure  of  125  lb.  per  sq.  in.  by  a  pump  on  a  barge.  The 
rake  was  dragged  across  this  area,  the  wash-water  rising  up  through 
the  sand  and  bringing  the  mud  with  it,  the  principle  resembling 
that  by  which  the  Blaisdell  filter  washer  is  operated.  The  river  cur- 
rent was  depended  on  to  carry  the  washings  down  stream  and  away 
from  the  washed  areas.  The  rake  was  dragged  back  and  forth  acrosa 
each  area  three  times,  by  hand  windlasses  on  barges  anchored  on  each 
side  of  the  areas  being  washed,  before  a  new  area  was  attacked. 

Raking,  or  scouring,  was  practically  continuous  from  May  to 
November,  1905,  and  from  May  to  December,  1906,  except  as  inter- 
fered with  by  uncontrollable  conditions,  such  as  river  floods.  In  1906, 
the  surface  was  examined  several  times  by  a  diver,  who  reported 
considerable  disturbances  of  the  sand  surface,  and,  under  his  guidance, 
depressions  were  filled  up  with  gravel  and  sand  deposited  from  a  barge 
through  a  tube.  Frequently,  the  diver  rode  on  the  rake,  as  it  was 
dragged  back  and  forth,  to  press  the  teeth  down  into  the  sand.  It 
was  stated  that  the  teeth  usually  penetrated  the  top  of  the  gravel 
bed  to  a  depth  of  from  8  to  12  in.  While  the  process  of  raking  or 
scouring  was  going  on,  the  cribs  were  kept  in  constant  use.  The  dis- 
turbance of  the  surface  and  the  destruction  of  the  silt  formation 
thereon  permitted  a  largely  increased  volume  of  water  to  pass  freely 
through  to  the  cribs,  through  the  washed  areas,  and  during  and  imme- 
diately after  these  periods  of  washing,  the  water  was  easily  shown 
to  be  very  little  different,  in  character,  from  the  raw  river  water. 

Much  evidence  was  introduced  at  the  trial  as  to  the  quality  of 
the  water,  both  as  to  its  chemical  and  biological  features,  and  it  was 
shown  that  there  were  times  when,  for  a  number  of  consecutive  days, 
the  q.uality  of  the  water  would  be  excellent;  all  of  a  sudden,  however, 
some  change  in  conditions  of  river  flow  would  cause  the  silt  to  be 
washed  from  the  river-bed  over  the  cribs,  or  parts  of  their  areas,  leaving 
places  where  the  river  water  could  penetrate  to  the  interior  of  the 
cribs  in  a  practically  unchanged  and  polluted  condition. 

In  1905  and  1906,  typhoid  fever  in  Wilkinsburg  became  epidemic, 
and  just  prior  to  the  bringing  of  the  suit  it  had  the  highest  typhoid 
fever  case  and  death  rate  of  any  town  in  the  United  States.     Very 
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heavy  rates  also  prevailed  in  the  37th  Ward  of  Pittsburgh,   and   in      Mr. 
Swissvale  Borough,  also  supplied  with  water  by  the  same  company.  ^'^^'^^^• 
As   a   result   of  this   alarming   condition,   protests   were   lodged,    and, 
finally,  recourse  was  had  to  the  Courts  to  compel  the  Water  Company 
to  safeguard  adequately  the  quality  of  the  water.     The  case,  recorded 
as  E.  Z.  PefFer  et  al.  vs.  Pennsylvania  Water  Company,  was  No.  396, 
tried  in  the  August  term,  1906,  of  the  Court  of  Common  Pleas,  No. 
3,  of  Allegheny  County,  Pennsylvania,  Miller,  J.,  specially  presiding. 
The  conclusions  of  law,  in  this  case,  as  drawn  by  Judge  Miller,  were: 
First. — The  fact  having  been   found   that   the   water   complained 
of,  as  furnished  by  the  defendant,  is  not  reasonably  pure  and 
wholesome,  it  follows  that  the  plaintiff's  bill  must  be  sustained. 
Second. — An  interlocutory  decree  will  be  entered,  directing  it  to 
secure  and  provide  a  sufficient  supply  of  pure  and  wholesome 
water;   further   directing  that   it   shall,   within   three   months 
from  the  date  of  decree,  file  a  statement  of  the  steps  it  has 
taken,  and  purposes  to  take,  in  compliance  with  the  require- 
ments to  furnish  reasonably  pure  and  wholesome  water,  upon 
the   submission   of   which   the   plaintiff   may   file   a   reply   or 
answer,    as    he    may    deem    advisable.      It    will    be    further 
decreed  that  this  case  be  retained  for  such  further  proceedings 
as  may  be  necessary  to  insure  its  performance,  and  to  enable 
the  Court  to  exercise  the  jurisdiction  conferred  by  this  Act 
of  Assembly  under  which  this  action  is  brought,  with  liberty 
on  the  part  of  either  of  the  parties  to   apply  to   Court  for 
further  orders  and  decrees  as  may  be  necessary  and  just. 
Third. — The  defendant  to  pay  the  costs. 

The  meagerness  of  the  data  regarding  the  details  of  design,  con- 
struction, and  operation  of  the  Parkersburg  plant,  in  Mr.  Hall's  paper, 
makes  extended  discussion  of  it  impossible.  Those  elements  of  design 
which  would  give  control  over  the  process  of  filtration  are  scarcely 
mentioned.  Enough  is  stated,  however,  as  to  the  diameters  of  the 
main  pipes  leading  from  the  strainer  system,  and  as  to  the  sizes  of 
the  laterals  and  their  perforations  to  indicate: 

1. — That  hydraulic  conditions  must  exist,  which  would  be  avoided 

in  a  properly  designed  filter  plant. 
2. — That  there  can  be  almost  no  control  over  the  effectiveness  of 

back-flushing,  or  washing  of  the  filter  areas. 
3. — That  the  loss  of  head  must  vary  between  quite  wide  limits 
at  various  parts  of  these  areas  during  filtration,  and  after 
partial  clogging  shall  have  taken  place,  and  that,  therefore, 
parts  of  the  areas  must  be  passing  the  water  at  much  higher 
rates  than  others,  and,  consequently,  must  be  doing  less 
effective  work  than  planned. 
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Mr.  4. — It  is  also  evident  that  the  back-flushing  is  likely  to  blow  up 

uertes,  ^^^  overwash  parts  of  the  areas,  and  leave  other  parts  badly 

clogged. 
5. — That  floods  in  the  river  may  scour,  and  probably  have  fre- 
quently scoured,  holes  in  the  filters — possibly  almost  down  to 
the  strainers. 
6. — That  the  whole  filter  area  is  inaccessible,  and  utterly  beyond 
inspection  and  repair  during  floods,  the  times  when  the  water 
is  worst  and  the  need  of  protection  greatest. 

The  Parkersburg  plant  may  be  expected  to  give  fair  water  when 
the  river  is  in  its  best  condition,  and,  at  such  times,  it  is  almost 
good  enough  to  use  without  filtration.  When  the  river  water  is  turbid 
and  dangerously  polluted,  the  water  delivered  by  the  plant  may  or 
may  not  be  safe.  Whether  or  not  it  is  safe  will  be  beyond  the  knowl- 
edge of  the  men  operating  the  works ;  and,  if  it  is  unsafe,  it  is  entirely 
beyond  their  power  to  make  it  so  by  any  agency  or  device  inherent 
to  or  part  of  the  plant  itself  or  of  its  design. 

Judging  by  the  discoveries  of  Mr.  Leland,  when  making  the  in- 
spections in  September,  1916,  referred  to  by  Mr.  Hall,  the  Parkers- 
burg plant  is  experiencing  difficulties  similar  to  those  which  led 
ultimately  to  the  virtual  condemnation  of  the  Wilkinsburg  works 
and  to  the  erection  of  a  properly  built  mechanical  filter  plant  in  its 
stead. 

The  cost  of  construction  and  operation  of  the  works,  as  built  at 
Parkersburg,  are  given  by  Mr.  Hall  as  $284171.22  and  $11892.46, 
respectively.  The  annual  cost  was  based  on  the  pumpage  of  an  average 
of  3  000  000  gal.  daily.  In  the  Fuertes-Fuller  report,  the  costs  were 
given  as  $165  945  and  $24  000,  respectively,  the  latter  figure  being  the 
estimated  annual  cost  of  operation  for  a  daily  yield  of  4  000  000  gal. 
Reduced  to  the  basis  of  3  000  000  gal.  daily,  for  comparison  with  the 
figures  given  by  Mr.  Hall  for  the  Parkersburg  plant,  and  adding  to 
the  cost  of  construction  certain  items  included  by  Mr.  Hall,  and  with 
interest  at  7%  in  each  case,  the  annual  operating  and  maintenance 
costs  of  the  two  plants  would  be  practically  equal.  The  Smith  system, 
therefore,  has  required  at  Parkersburg  a  greater  investment,  saves 
nothing  in  annual  expense,  and  gives  to  the  city  far  less  security 
against  water-carried  diseases  than  would  have  resulted  from  the 
establishment  of  a  properly  built  and  operated  mechanical  filter  plant, 
such  as  recommended  and  described  in  the  Fuertes-Fuller  report. 

Mr.  Hall  gives,  among  the  reasons  advanced  by  Mr.  Gray  for 
the  adoption  of  the  Smith  system  for  Parkersburg,  that, 

"If  properly  built  and  operated,  this  system  will  furnish  water  of  a 
better  quality  than  a  mechanical  filter  plant,  as  regards  steam-raising 
purposes,  on  account  of  the  slight  increase  in  permanent  hardness 
which  is  caused  by  the  use  of  a  coagulant." 
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Although  it  is  true  that  the  use  of  aluminum  sulphate  as  a  coagu-  Mr. 
laut  will  result  in  the  conversion  of  a  portion  of  the  alkalinity  into  the 
sulphate  or  incrustant  form  of  hardness,  an  examination  of  the 
analyses  in  Appendix  I  shows  that  throughout  January,  1914,  the 
total  hardness  of  the  water  from  the  Smith  system  was  about  87 
parts  per  million,  as  against  about  74  parts  per  million  for  the  river 
water,  this  increase  being  due  to  the  increased  alkalinity  of  the  sub- 
river  ground-water.  The  increased  quantity  of  soft  scale  due  to  the 
extra  13  parts  per  million  of  hardness  of  this  ground-water  is  probably 
fully  as  disadvantageous  from  a  steam-raising  point  of  view,  as  would 
be  the  conversion  of  about  5  or  6  parts  per  million  of  the  low 
alkalinity  of  the  river  water  into  a  proportional  quantity  of  incrustants 
by  the  application  of  alimiinum  sulphate  used  in  connection  with 
mechanical  filters.  For  summer  conditions,  when  both  the  river  water 
and  the  water  secured  by  the  Smith  system  would  be  much  harder  than 
reported  in  the  January  analyses,  the  advantages  would  probably 
lie  strongly  with  the  mechanically  filtered  water. 

And,  further,  with  the  mechanical  filters,  the  operatives  would 
have  access  to  and  control  over  the  filters  and  their  efficiency  at  all 
times.  With  the  Smith  system,  the  whole  delicate  process  of  filtration 
is  beyond  reach,  often  buried  under  floods  and  subject  to  disturbance 
by  wash  and  scour,  or  to  irregular  deposition  of  mud  on  the  filter 
area,  with  consequent  imperfect  purification,  due  to  varying  and 
excessive  rates  of  filtration  on  parts  of  the  area  smaller  than  the  total 
required. 

Taking  everything  into  account,  the  speaker  is  not  convinced,  by 
the  data  brought  forward,  that  the  proper  decision  was  made  at 
Parkersburg  when  the  Smith  system  was  adopted  in  preference  to 
a  properly  designed  and  constructed  mechanical  filter  plant. 

It  is  much  to  be  regretted  that  so  little  information  has  been 
furnished  as  to  the  operation  of  and  resiJts  obtained  by  the  Parkers- 
burg water-works  plant.  Fancied  security  has  led  to  neglect  of 
vigilance,  as  represented  by  systematic,  continuous,  analytical  studies 
of  the  river  and  secured  waters,  and  more  frequent  examinations  of 
this  nature,  as  recommended  by  Mr.  Hall,  should  certainly  be  made  by 
the  authorities. 

The  ground-water  studies,  made  at  Parkersburg,  and  referred  to 
by  Mr.  Hall,  show  a  number  of  interesting  facts.  Pigs.  3  to  12  were 
selected  from  among  32  such  diagrams  in  the  Fuertes-FuUer  report, 
and  seem  to  have  been  well  chosen  to  exhibit  the  interesting 
phenomena  of  filling  and  emptying  the  subterranean  storage  spaces 
in  the  voids  in  the  gravel  underlying  the  flat  lands  along  the  river 
north  of  Parkersburg. 

It  will  be  noticed  that  the  water  finds  its  way  into  the  ground, 
from  the  river,   with  comparative  difficulty,   as  judged  by  the  steep 
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Mr.  slope  of  the  ground-water  in  the  neighborhood  of  the  river  banks, 
but  that  it  makes  its  escape  back  into  the  river,  when  the  latter 
falls,  with  comparative  freedom.  This  is  as  would  be  expected,  the 
surface  of  the  river  bottom  and  banks  having  become  clogged  with 
mud  (strained  out  of  the  river  water  as  it  filtered  out  through  the 
banks  and  bottom)  on  a  rising  river,  but  being  cleansed,  or  washed 
free  of  mud  to  a  greater  or  lesser  extent,  on  a  falling  river,  by  the 
passage  of  the  ground-water  back  again  into  the  river. 

The  contours  on  Figs.  16,  17,  and  18  show  the  gradual  change  in 
direction  of  the  flow  of  the  ground- water  away  from  and  toward 
the  river  above  Parkersburg.  Fig.  12,  which  was  reproduced  from 
among  the  diagrams  in  the  Fuertes-Fuller  report,  occupies  a  position 
between  Figs.  17  and  18.  An  examination  of  these  diagrams  shows  the 
following  interesting  conditions. 

On  January  13th  (Fig.  16)  the  river,  after  having  reached  its 
lowest  point  from  a  previous  rise,  was  just  beginning  another  rise 
which,  by  the  15th,  had  reached  9  ft.  Observing  the  ground-water 
contours  on  this  diagram,  it  will  be  seen  that  the  general  trend  of 
the  ground-water  was  down  stream  and  toward  the  Ohio  Eiver, 
the  571-ft.  contour  being  the  farthest  down  stream  and  the  574-ft. 
one  the  farthest  up  stream,  all  these  contours  lying  in  approximately 
parallel  lines,  and  indicating  a  motion  diagonally  down  stream  toward 
the  river. 

On  January  17th,  the  river  began  another  rise,  and,  within  the 
next  few  days,  reached  an  elevation  of  597.5  ft.  On  January  19th 
(Fig.  17)  it  stood  at  Elevation  592.  It  will  be  observed  that  the 
contours  of  the  surface  of  the  ground-water  had  changed  entirely, 
swinging  around  parallel  to  the  shore  with  the  highest  contours 
(Elevation  579)  along  the  river  bank,  and  the  lowest  still  at  Elevation 
572,  on  a  line  parallel  with  and  about  2  000  ft.  distant  from  the  river 
bank.  By  the  24th,  the  river  surface  had  fallen  to  692.5  and  the 
ground-water  near  the  river  bank  had  risen  to  584,  or  14  ft.  higher  than 
on  January  13th,  whereas,  along  a  line  practically  parallel  with,  and 
some  2  500  ft.  east  of,  the  river  bank,  the  ground-water  level  had  risen 
only  about  1  ft. 

On  February  5th  (Fig.  18)  the  river  still  continued  to  fall,  the 
ground-water  which  had  been  piled  up  to  Elevation  584  on  January 
24th  had  fallen  at  the  river  bank  to  an  elevation  of  only  573,  gradually 
rising  to  an  elevation  of  575,  about  2  000  ft.  back  from  the  river  and 
dropping  to  574  a  few  hundred  feet  further  east.  In  this  case  the 
water  was  slowly  flowing  in  both  directions  from  a  line  parallel  to 
and  about  2  000  ft.  back  from  the  river  bank. 

It  is  very  fortunate  that  this  flood  occurred  during  the  time  that 
the  tests  were  being  carried  on  at  Parkersburg,  as  the  occasions  on 
which  such  phenomena  can  be  observed  are  relatively  rare. 
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Mr.  Mr.    Fuller   has    made   the   suggestion    that    in    a    short    time    the 

results  of  studies  for  the  more  complete  identification  of  certain  forms 
of  bacteria  will  be  made  public.  The  present  laboratory  methods 
for  the  quick  determination  of  the  probable  presence  of-  B.  coli  in 
water,  are,  as  Mr.  Fuller  has  said,  not  only  far  from  satisfactory,  but 
actually  misleading  under  some  conditions.  An  accurate  and  extensive 
knowledge  of  the  history  of  the  water  is  always  essential  in  deter- 
mining the  likelihood  of  the  presence  of  these  organisms,  if  shown 
to  be  probably  present  by  laboratory  tests.  The  speaker  calls  to  mind 
an  interesting  experience  of  this  sort  in  connection  with  the  examina- 
tion of  the  water  supply  of  the  Insane  Asylum  at  Willard,  N.  Y.,  in 
December,  1901,  and  January,  1902. 

Diphtheria  had  been  epidemic  at  the  Willard  Asylum  since  1897, 
and  all  efforts  to  eradicate  it  from  the  institution  had  proven  unavail- 
ing. The  cases  were  confined  mostly  to  the  nurses,  physicians,  and 
attendants,  very  few  cases  being  noted  among  the  inmates.  The 
superintendent  of  the  asylum  and  his  wife  were  both  in  quarantine  with 
diphtheria  while  this  investigation  was  going  on.  In  connection  with 
the  various  studies  made  to  determine  the  cause  of  the  prevalence  of 
the  disease,  a  thorough  examination  was  made  of  the  water  supply  and 
sewerage  of  the  institution.  In  order  to  eliminate  possible  sources  of 
error,  a  great  many  samples  of  water,  from  widely  separated  locations, 
were  collected  and  examined. 

The  water  supply  for  the  institution  was  taken  from  Seneca  Lake 
at  a  point  some  400  or  500  ft.  from  shore,  where  the  water  was  about 
30  ft.  deep,  and  at  a  point  about  1  800  ft.  from  where  the  main  sewer 
of  the  institution  discharged  into  the  lake. 

An  apparatus  was  devised  for  securing  samples  of  lake  water  at 
various  depths,  and  theSe,  after  collection,  were  put  in  sterilized,  glass 
stoppered  bottles,  and  examined  promptly. 

Samples  were  taken  at  the  surface  of  the  lake  and  at  various 
depths  at  numerous  points,  some  of  these  being  in  the  immediate 
vicinity  of  the  sewer,  some  at  the  water-works  intake,  others  on  the 
opposite  side  of  the  lake,  about  IJ  miles  from  the  intake,  others  at 
the  ends  of  the  lake,  more  than  20  miles  distant.  The  samples  were 
collected  at  various  depths,  from  the  surface  to  300  ft.  below  the 
surface. 

These  analyses  disclosed  the  interesting  fact  that  the  chlorine 
content  of  the  lake  water  varied  from  36  to  37  parts  per  million,  which 
was  about  one-third  of  the  quantity  that  might  be  expected  in  ordinary 
town  sewage.  Organisms  giving  the  reactions  expected  of  B.  coli 
were  found  in  the  samples  collected  in  the  neighborhood  of  the  sewer, 
also,  in  samples  collected  50  ft.  below  the  surface  on  the  other  side 
of  the  lake  and  about  600  ft.  from  shore,  also,  in  some  collected  50  ft. 
below  the  surface,  some  600  ft.  off  shore  about  2  miles  away,  and  in 
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a  number  of  other  places.  Previous  analyses  made  in  1899  had  dis-  Mr. 
closed  the  suspected  presence  of  B.  coli  communis  in  samples  1  300  "^'  ^^' 
ft.  out  from  shore,  on  the  line  of  the  hospital's  sewer,  at  a  depth 
of  20  ft. ;  i  mile  from  shore  at  a  depth  of  150  ft. ;  ^  mile  from  shore 
on  a  line  with  the  water-works  intake  at  a  depth  of  400  ft.;  500  ft. 
deep  off  shore  about  5  miles  south  of  the  Asylum,  and  in  the  center 
of  the  lake  at  a  depth  of  400  ft. 

In  the  analyses  made  in  1901-02,  it  was  pretty  well  established 
that  the  organisms  giving  the  reactions  for  the  differentiation  of  the 
B.  coli  communis  were  probably  washed  into  the  lake  from  the  culti- 
vated fields  along  the  sides,  and  bore  a  close  relation  to  the  rust  on 
grain. 

The  high  chlorine  in  the  lake  water  was  caused  by  the  presence 
of  underground  salt  beds  in  that  vicinity;  the  normal  chlorine  for 
that  region  would  not  be  more  than  7  parts  per  million. 

Without  knowing  all  the  conditions,  the  analyses  of  Seneca  Lake 
water  might  easily  have  been  mistaken  for  a  highly  sewage-polluted 
water;  a  conclusion  which  the  most  ordinary  common  sense  would 
refuse  to  accept. 

More  positive  methods  for  identification  of  sewage  bacteria  in  waters 
have  loQg  been  needed,  and  water- works  engineers  will  welcome  the 
greater  certainty  promised  by  Mr.  Fuller's  predictions. 

Morris  Knowles,*  M.  Am.  Soc.  C.  E.,  and  J.  D.  Stevenson,*  Assoc.     Messrs. 
M.   Am.   Soc.   C.   E.    (by  letter)  .f — This  paper   is  of  especial  interest       and 
to  the  writers,  because  of  the  part  they  took,  in  1908-09,  as  Consulting  Stevenson. 
and  Resident  Engineers,  respectively,  of  the  Water-Works  Commission, 
in   the   early    studies    of   the   water    supply    at    Parkersburg    and    the 
proposed  new  systems.     They  believe  that  a  statement  of  some  of  the 
considerations   which   led   to   the   recommendation   to    develop   a   well 
supply,    instead   of   the   system    described   by   the   author,    will   be   of 
interest.     The  author  is  to  be  commended  for  collating  and  bringing 
before   the   Profession    the   various    studies    and   reports    which    have 
been  made  in  reference  to  this  interesting  situation. 

No  discussion  of  this  subject  would  be  complete  without  mention 
of  the  lively  interest  taken  in  these  early  investigations  by  the  late 
United  States  Senator  J.  N.  Camden,  and  continued,  at  his  death, 
by  his  estate.  The  generous  attitude  of  this  public-spirited  citizen 
can  be  best  stated  by  quoting  from  an  open  letter  from  him  to  the 
city  officials,  as  follows : 

"I,  therefore,  respectfully  propose,  in  order  to  test  the  question 
of  natural  filtration,  that  I  will,  at  my  own  cost  and  expense,  sink 
and  test  wells,  both  on  the  river  front  and  on  the  foot  of  Neal's 

*  Pitt.sburgh,  Pa. 

t  Received  by  the  Secretary,   March  21st,  1917. 
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Messrs.  Island,  for  which  I  already  have  the  permission  of  the  owner,  to 
^°and'^^  ascertain  the  quality  and  quantity  of  water  that  can  be  obtained  by 
Stevenson,  natural  filtration,  and  to  commence  as  soon  as  the  engineers  selected 
by  the  city  authorities  and  water-works  commission  are  ready  to  direct 
and  superintend  the  tests  to  be  made.  This  will  cost  the  city  nothing 
and  will  no  doubt  be  of  value  in  arriving  at  conclusions.  I  will  also 
add  that,  should  the  city  desire  to  locate  its  plant  or  pumping  station 
or  wells  upon  any  ground  owned  by  me,  I  will  donate  to  the  City  all 
the  ground  it  may  need  for  water-works  purposes." 

In  pursuance  of  the  engagement  of  the  writers  as  engineers,  a 
report  was  made  on  August  24th,  1908,  covering  an  investigation  of 
.ten  possible  developments  and  including  a  recommendation  that  either 
a  mechanical  filter  plant  or  a  system  of  wells  be  adopted  as  a  source 
of  supply.  A  definite  choice  between  these  two  projects  was  not 
recommended  at  that  time  for  two  reasons:  First,  because  the  original 
sum  of  money  appropriated  to  the  Commission  did  not  permit  of 
drilling  and  testing  wells;  and,  second,  because  after  the  money 
donated  by  Senator  Camden  for  this  purpose  was  made  available,  it 
was  concluded  "that  the  time  was  not  propitious  for  either  drilling 
or  testing  wells,  as  both  the  river  and  the  ground-water  level  were 
too  high  to  justify  any  conclusion  from  a  test  as  to  safe  yield." 

The  investigation  of  the  wells  was  only  postponed,  however,  being 
carried  out  in  the  succeeding  warm,  dry  season,  at  a  time  when  both 
surface  and  ground-water  levels  were  low.  The  conditions  at  the  time 
of  the  tests  were  most  favorable  to  a  safe  conclusion,  as  the  river 
was  lower  than  it  had  been  for  many  seasons.  The  results  of  these 
tests  warranted  the  recommendation  of  a  water  supply  to  be  drawn 
from  wells  on  the  Camden  Farm,  which  was  reported  on  January 
25th,  1909. 

The  topography,  geology,  and  history  of  the  Ohio  Valley  give 
evidence  that,  at  one  time,  either  the  Little  Kanawha  River  or  Worth- 
ington  Creek,  or  both,  flowed  through  a  gap  in  the  hills  and  into  the 
Ohio  River  at  a  point  near  the  present  settlement  of  Beechwood. 
In  later  years,  either  the  Little  Kanawha  River  straightened  its  course 
and  shifted  to  its  present  location,  while  Worthington  Creek  occupied 
in  reverse  flow  what  had  been  the  Little  Kanawha  River  bed;  or  else, 
Worthington  Creek  cut  a  new  course  into  the  Little  Kanawha  River 
and  thence  into  the  Ohio.  In  any  case,  the  gap  in  the  hills  became 
filled  with  sand  and  gravel,  forming  what  are  now  known  locally  as 
the  "Sand  Plains",  separated  from  Parkersburg  by  the  rocky  promon- 
tory known  as  Boremans  Hill. 

Evidence  is  conclusive  that  in  times  past  the  Ohio  skirted  the 
West  Virginia  shore  and,  at  one  time,  occupied  the  area  now  forming 
the  east  shore  terraces,  on  which  are  the  Camden  Farm  and  the  settle- 
ments of  Beechwood.  Vienna,  and  Brisco.     It  is  also  evident  by  the 
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slope  of  the  rock  that,  in  its  former  location,  the  Ohio  River  was  at  Messrs. 
a  lower  elevation  than  at  present,  the  intervening  space  between  the  and 
present  and  the  former  beds  having  been  filled  with  a  water-bearing 
sand  and  gravel  formation.  The  trough  made  by  the  intersection 
of  the  rock  beds  sloping  from  the  two  shores  is  under  the  east  shore 
terraces,  and,  at  the  Camden  Farm  and  for  many  miles  up  stream, 
probably  has  the  same  general  course  as  Pond  Run. 

The  flow  of  underground  water  normally  follows  the  general  in- 
clination of  the  rock,  and  is  outward  from  the  surrounding  hills. 
When  the  flows  from  two  hills  meet,  the  resultant  flow  is  upward,  and 
if  it  is  abundant  and  the  head  is  sufficient,  an  Artesian  flow  will 
result.  Such  is  the  origin  of  much  of  the  flow  in  Pond  Run.  An 
inspection  of  the  bottom  and  sides  of  the  Run  and  feeders  will  disclose 
many  springs,  and  these  have  been  found  from  above  Neal's  Island  to 
a  point  below  the  Camden  Farm. 

It  would  not  be  expected  that  there  would  be  a  large  flow  parallel 
to  the  river  in  the  sand  and  gravels  directly  over  the  rock,  but  rather 
that  something  like  an  underground  reservoir  would  be  formed,  over- 
flowing into  the  river  and  to  the  surface  of  the  terrace.  However,  in 
this, particular  case,  the  gravel  beds  are  topped  by  impervious  clay  and 
loam.  As  a  result,  the  head  due  to  the  higher  level  of  the  ground- 
water on  the  "Sand  Plains"  causes  flow  in  the  direction  of  the  inclin- 
ing floor  of  the  gravel  beds,  which  is  not  only  toward  the  river,  but 
also  down  the  valley.  This  was  the  basis  for  the  proposed  development 
by  two  lines  of  wells,  one  parallel  to,  and  another  at  right  angles  to, 
the  river,  thus  intercepting  whatever  water  flowed  toward  or  parallel 
with  the  river. 

It  will  be  noted  that  the  top  of  the  gravel  beds  at  the  river's  edge 
is  very  little  higher  than  the  low-water  level  in  the  river.  The 
observations  made  by  the  writers  indicate  that  the  underground 
reservoir  is  not  fed  to  any  great  extent  by  infiltration  from  the  river, 
but  probably  receives  most  of  its  water  from  rainfall  on  the  terraces, 
on  the  "Sand  Plains",  and  from  the  26  sq.  miles  of  drainage  area 
tributary  to  Worthington  Creek,  and  probably  some  from  entrance  at 
the  rock  riifles  in  the  Ohio  some  distance  up  stream. 

In  Figs.  3  to  10,  inclusive,  it  will  be  noted  that  the  surface  of  the 
ground-water  as  shown  is  always  above  the  line  of  demarcation  between 
the  water-bearing  sand  and  gravel  and  the  impervious  loam  and  clay; 
and  that,  in  no  instance,  did  the  pumping  lower  the  surface  of  the 
ground-water  into  the  sand  and  gravel.  It  may  be  concluded,  there- 
fore, that,  even  at  high  stages  of  the  river,  no  large  quantity  of  river 
water  would  be  forced  into  the  sand  and  gravel.  For  these  strata 
would  always  be  filled,  and,  as  the  impervious  clay  and  loam  above 
would  not  absorb  water  in   quantities  rapidly,  the  rise  in  the  river 
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Messrs.     would  only  increase  the  head  on  the  water  in  the  sand  and  gravel, 
^°and^^    raising  the  level  of  the  water  in  the  observation  wells  correspondingly. 
Stevenson.         Kef  erring   to    Fig.    11    the    following   explanation    appears    in   the 
writer's  report : 

''When  pumping  was  checked  in  amount  or  stopped  entirely,  the 
water  quickly  rose  in  the  well  being  pumped,  indicating  a  lack  of 
strainer  openings  for  the  free  access  of  the  water." 

In  the  absence  of  long-continued  tests,  the  quantity  of  water  which 
may  be  procured  from  any  formation  is  largely  a  matter  of  speculation. 
The  planning  of  a  water  supply  from  wells  in  any  undeveloped  ter- 
ritory, therefore,  should  provide,  where  possible,  for  permitting  easy 
future  adaptation  to  other  sources  of  supply,  in  case  this  should 
become  necessary.  The  conditions  on  the  Camden  Farm  were  par- 
ticularly advantageous  for  such  a  water-works  development;  and, 
although,  as  a  result  of  the  tests  and  the  comparison  of  conditions 
with  those  in  somewhat  similar  deposits  elsewhere,  the  conclusion 
reached  by  the  writers,  that  wells,  properly  located,  drilled,  and  de- 
veloped, would  yield  continuously,  for  a  suificient  period,  all  the  water 
to  be  reasonably  demanded  by  the  City  of  Parkersburg,  at  the  same 
time,  the  various  units  could  be  designed  so  as  to  be  readily  adapted, 
with  a  minimum  monetary  loss,  to  use  in  connection  with  a  filter  plant, 
to  provide  against  the  remote  possibility  of  failure  of  the  wells. 

The  estimated  cost  of  the  construction  recommended  by  the  writers 
was  $220  865.  Of  this  sum,  54%  was  for  distributing  reservoir,  rein- 
forcing mains,  etc.,  and  would  be  equally  useful  in  connection  with 
the  water-works  then  existing,  or  with  any  other  that  might  be 
designed;  33%  was  for  pumping  stations  and  equipment — structures 
equally  useful,  either  with  a  filtration  plant,  or  with  a  well  supply; 
and  only  13%  was  allotted  to  equipment  useful  for  a  well  supply 
alone.  Thus,  it  is  evident  that,  even  if  the  wells  had  been  abandoned 
at  some  future  time,  the  loss  on  the  investment  would  have  been  trivial, 
and  fully  met  in  such  times  by  the  lesser  cost  of  operating  the  well 
system. 

Among  the  various  developments  studied  in  connection  with  the 
writers'  investigation  at  Parkersburg  was  that  known  as  the  Smith 
infiltration  system.  The  four  principal  reasons  advanced  at  that  time 
by  the  promoters  for  its  adoption  were :  Economy  in  installation  and 
operation;  purified  river  water  and  not  hard  ground-water;  ease  of 
repairs  and  replacements;  and  reliability  of  supply.  In.stead  of  con- 
firming any  one  of  these  points,  the  investigation  of  the  writers  de- 
cidedly discredited  all  of  them  and,  further,  led  to  the  conclusions: 
that  the  infiltration  system,  being  submerged  in  the  bed  of  the  river. 
is  subjected  to  the  shifting  of  the  river  bottom,  and  to  uncontrolled 
variation  in  the  thickness  of  the  covering  over  the  strainers ;  that  such 
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variation,  whether  increase  or  decrease,  would  be  detrimental  to  the     Messrs. 
process,  and  that  the  infiltration  system,  being  below  the  low-water       and 
level,  cannot  be  subjected  to  the  same  accurate  control  and  careful    '^^^^°^°"- 
observations  and  studies  of  operation  as  are  possible  with  a  modern 
filter;  furthermore,  that  the  only  method  of  cleaning  the  beds  is  by 
back-flushing,  and  that  such  a  procedure,  without  controlling  devices 
for   guaranteeing   an   even    distribution    of   the    wash-water,    may    do 
decidedly  more  harm  than  good;  and,  finally,  that  the  danger  of  the 
introduction  of  polluted  river  water  into  the  system  was  ever  present. 
A  special  report,   dated  January  15th,   1909,   therefore,   recommended 
that  it  was  unwise  to  introduce  such  a  system.     It  is  now  evident  that 
several  of  the  difficulties  foreseen  have  already  occurred;  the  author's 
account   of   the   replacements    during   the    summer   of    1916    point   to 
this  fact. 

The  investigations  of  the  Pittsburgh  Filtration  Commission  in 
1907-09,  with  which  one  of  the  writers  was  connected,  showed  that  no 
system  of  filtration,  without  a  sufficient  period  of  subsidence,  will 
effectively  treat  the  Allegheny  River  water;  and  that,  if  the  rate  of 
filtration  is  increased  to  more  than  the  normal  moderate  rate  of  slow 
sand  filtration,  a  coagulant  must  be  used.  The  investigations  at  Cin- 
cinnati fixed  an  average  of  125  parts  per  million  as  a  conservative 
estimate  of  the  suspended  matter  in  the  unsubsided  Ohio  River  water, 
which  could  be  treated  regularly  and  fairly  satisfactorily  by  slow  sand 
filters.  On  this  basis,  a  slow  sand  filter  without  a  period  of  subsidence 
would  be  a  failure  65%  of  the  time,  if  treating  this  river  water. 

For  all  these  reasons  and  because  of  the  many  points  of  inferiority 
of  the  Smith  infiltration  system,  when  compared  with  the  modern  slow 
sand  filter,  designed,  constructed,  and  operated  in  accordance  with 
accepted  engineering  practice,  a  negative  recommendation  on  the 
Smith  system  was  made. 

There  is,  however,  nothing  new  or  novel  in  the  Smith  infiltration 
system.  Although  it  was  claimed  to  be  an  improvement  on  and  sub- 
stitute for  the  established  method  of  slow  sand  filtration,  in  reality  it 
resembles  more  nearly,  both  in  principle  and  in  practice,  the  "filter 
cribs"  which  have  been  used  for  the  supply  of  water  to  communities 
along  the  Allegheny  and  Upper  Ohio  Rivers,  and,  no  doubt,  on  many 
other  streams,  for  more  than  20  years.  In  most  cases,  the  construction 
of  the  latter  consists  of  a  large  wooden  crib,  open  at  the  sides  and 
bottom,  placed  in  an  excavation  in  the  river  bed,  and  covered  on  top 
with  from  5  to  7  ft.  of  selected  sand  and  gravel. 

At  the  time  of  the  inve^igations,  by  the  Pittsburgh  Filtration 
Commission,  of  possible  sources  of  water  supply  for  that  city,  con- 
siderable study  was  given  to  the  results  obtained  through  filter  cribs. 
Analyses  of  the  river  water  and  of  effluents  from  the  cribs  indicated 
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Messrs.     that,  in  general,  the  effluents  from  the  cribs  were  clear  and  free  from 
and        suspended  matter,  except  at  extreme  high  stages  of  the  river,  and  that 

evenson.  ^^^q  number  of  bacteria  in  the  effluents  were  usually  less,  but  the  hard- 
ness materially  greater,  than  that  of  the  water  from  the  river  itself. 
The  Pittsburgh  investigations  showed  clearly  that,  early  in  the  life  of 
the  cribs,  much  or  all  of  the  water  is  drawn  from  the  sand  and  gravel 
beds  lying  under  and  around  them;  but  that,  with  age,  the  sand  and 
gravel  beds  become  clogged,  and  larger  and  larger  quantities  of  water 
are  drawn  down  from  the  river  through  the  top  covering.  In  many  cases 
this  dovsTiward  flow  is  increased  by  raking  the  sand  covering,  and 
although  the  top  covering  may  be  broken  up  in  this  way  or  even  re- 
placed, it  is  impossible  to  clean  efficiently  the  material  under  and 
around  the  crib.  With  the  increased  infiltration  direct  from  the  river 
through  the  top,  there  is  a  corresponding  deterioration  in  quality. 
These  statements  are  fully  confirmed  by  the  experience  of  the  numerous 
water  plants  with  crib  supplies  which  have  been  obliged  to  supplement 
these  with  filter  plants  within  the  past  few  years. 

The  author  has  expressed  the  opinion  that  a  large  percentage  of 
the  water  drawn  is  taken  from  the  sand  beds,  possibly  a  larger  part 
than  that  from  the  open  river.  This  opinion  is  quite  in  accord  with 
the  experience  of  the  writers,  and  it  would  appear  not  unlikely  that 
during  the  early  life,  while  the  strainers  are  new,  and  before  the  strata 
at  the  bottom  and  sides  become  clogged,  70%  or  more  of  the  total 
water  may  be  drawn  from  this  lower  bed.  The  so-called  filtered  water, 
therefore,  is  in  large  part  a  ground-water,  similar  in  chemical  char- 
acteristics to  that  which  would  be  had  from  wells;  and  in  so  far  as 
satisfactory  resvilts  with  respect  to  quality  are  secured,  they  are  with- 
out doubt  due  more  to  the  quality  of  the  ground-water  than  to  the  effi- 
cient filtration  of  the  river  water,  Nor  would  it  be  safe  either  to 
predict  how  long  the  situation  might  continue,  or  to  expect  other  than 
unsatisfactory  results  with  the  increase  of  the  proportion  of  river 
water.  Back-flushing,  if  forceful  enough  to  be  successful,  invariably 
results  in  disturbing  the  sand  layers  to  a  dangerous  degree  and  fre- 
quently forms  craters  or  troughs  of  washed  material,  leaving  the  rest 
of  the  bed  undisturbed  and  uncleansed. 

It  is  worthy  of  note  also  that,  at  Parkersburg,  the  decision  between 
a  well  supply  and  a  supply  by  mechanical  filtration  was  a  very  close 
one.  Either  system  was  considered  certain  to  provide  a  safe,  abundant 
water  supply  for  the  community,  and  both  systems  had  the  endorse- 
ment of  the  best  engineering  practice  and  were  sanctioned  by  the  most 
exacting  Boards  of  Health  in  adjoining  States.  The  system  adopted 
had  none  of  these  assurances,  and  was  closely  akin  to  a  practice  which 
has  been  condemned,  and  is  rapidly  being  abandoned  in  neighboring 
States,  for  water  supply  for  domestic  purposes.     It  would  seem  that 
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the  time  is  fast  approaching  when  most  of  the  e:xpenditure  of  $80  700     Messrs. 
will  be  required  to  be  renewed  or  replaced  by  some  other  system.  °and^* 

If  the  story  of  the  development  of  the  Parkersburg  Water- Works  Stevenson, 
might  be  permitted  to  point  a  moral,  it  would  seem  to  be  that  of  the 
advantage  to  be  gained  by  every  community  in  having  a  sovereign 
State  organization,  the  duties  of  which  should  include  investigations 
and  experimental  studies  on  all  problems  concerning  water  supply  and 
sewage  disposal.  In  this  manner  a  large  fund  of  valuable  information 
might  be  collected,  placing  the  supervising  body  in  a  position  to 
advise  local  authorities  in  these  matters  in  an  impartial  way  and  with 
freedom  from  the  pressure  of  local  controversial  opinion.  Fortunately, 
this  has  since  been  recognized  in  West  Virginia,  by  the  re-organization 
of  the  State  Board  of  Health,  and  the  addition  to  its  staff  of  a  com- 
petent sanitary  engineer.  Had  the  State  had  such  an  organization  at 
the  time  of  the  adoption  of  the  present  water  supply  system,  and  had 
the  City  been  obliged  to  have  that  Health  Department  approve  the 
installation,  the  community  might  have  been  spared  the  expense  of 
having  many  ^different  engineers  make  separate  investigations,  only  to 
disregard  at  the  end  the  recommendations  of  most  of  them,  and  to  put 
in  a  system  which  was  largely  experimental  and  in  the  adoption  of 
which  the  theory  and  practice  of  water-works  engineering  was  probably 
not  the  sole  consideration. 
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Bv  Messrs.  J.  W.  Ledoux,  J.  K.  Finch,  P.  Eutenberg,  Fred  F. 
Moore,  W.  S.  Downs,  H.  L.  Coburn,  H.  F.  Dunham,  and  Orrin 
L.  Brodie. 


J.  W.  LEDOux,t  M.  Am.  Soc.  C.  E.  (by  letter).:}:— Mr.  Sclieidenlielm  Mr. 
lias  written  a  very  exhaustive  treatise  on  the  reconstruction  of  the 
Stony  River  Dam.  As  a  result  of  his  work  he  has  formed  two  impor- 
tant conclusions  with  which  the  writer  heartily  agrees  and  has  been 
advocating  for  a  great  many  years,  namely,  that  most  masonry  dams 
fail  due  to  sliding,  and  that  too  little  provision  is  made  for  excessive 
floods. 

Heretofore,  the  engineer  was  considered  conservative  when,  on 
a  small  water-shed,  he  provided  for  a  flood  of  250  ft.  per  sec.  per 
sq.  mile,  but  floods  of  several  times  that  size  are  likely  to  occur,  and 
it  is  only  a  question  of  time  before  they  do. 

Whether  provision  should  be  made  for  the  greatest  possible  flood 
that  will  probably  occur  at  intervals  of  a  calculated  number  of  years 
involves  several  questions : 

First. — Complete  provision  should  be  made,  if  otherwise  lives  may 
be  lost. 

Second. — If  only  damage  to  property  and  the  structure  itself  is 
involved,  then  it  becomes  a  question  of  whether  the  cost  of  making 
complete  provision  is  greater  or  less  than  that  of  the  damage  when 
figured  on  a  present-worth  basis.     For  instance,  if  a  dam  is  seriously 

*  This  discussion  (of  the  paper  by  F.  W.  Scheidenhelm,  M.  Am.  Soc.  C.  E.,  pub- 
lished in  February,  1917,  Proceedings,  and  presented  at  the  meeting  of  March  21st, 
1917),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Philadelphia,  Pa. 

t  Received  by  the  Secretary,  March  16th,  1917. 
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Mr.  overtopped  once  every  50  years,  causing  a  wash-out  which  is  estimated 
®  °^^'  to  cost  $20  000  to  repair,  and  the  cost  of  making  complete  provision 
to  prevent  that  overtopping  would  be  $10  000,  the  present  worth  of 
$20  000  to  be  spent  25  years  later  at  5%  is  about  $6  000;  so,  on  this 
basis,  it  would  be  engineering  prudence  to  take  a  chance,  provided  no 
other  inconvenience  or  damage  were  entailed  than  the  $20  000.  It 
involves  great  expense  in  many  cases  to  make  provision  to  take  care 
of  a  flood  equal  to  1  600  sec-ft.  per  sq.  mile.  Small  water-sheds  in  the 
eastern  part  of  the  United  States,  however,  are  subject  to  such  floods 
at  very  rare  intervals,  and  that  means  a  flow  corresponding  to  a  con- 
tinuous rainfall  of  about  2J  in.  per  hour. 

The  writer  visited  the  Stony  River  Dam  a  few  days  after  its  failure. 
The  following  is  an  extract  from  his  report  made  at  that  time: 

"The  caretaker,  Mr.  Kerr,  who  lives  with  his  wife  at  the  house 
close  to  the  dam,  stated  that  on  Wednesday  morning,  January  14th, 
about  nine  o'clock,  he  noticed  water  coming  through  muddy  on  the 
down-stream  side  of  the  dam  at  the  point  where  it  subsequently  failed. 
By  Wednesday  night  this  had  become  much  worse,  and  on  Friday 
morning  at  1  o'clock  he  notified  Mr.  Allen  Luke,  one  of  the  members 
of  the  firm  of  the  West  Virginia  Pulp  and  Paper  Company,  that  he  was 
afraid  the  dam  was  going  to  break.  He  was  told  to  open  the  gates 
located  on  the  inside  of  the  dam.  He  stated  to  his  people  that  these 
gates  could  not  be  opened  on  account  of  the  stairway  leading  to  them 
being  covered  with  ice,  the  temperature  being  below  zero. 

"By  2.30  A.  M.  conditions  had  become  so  grave  that  he  notified  by 
telephone  the  town  of  Maysville  and  others  located  down  stream  along 
the  banks  of  the  Stony  River  and  Potomac.  The  water  was  rushing 
through  the  large  and  increasing  space  underneath  the  dam,  and  by 
Thursday  morning  at  9  o'clock  the  water  had  fallen  in  the  dam  3  ft. 
At  9.30,  two  bays,  or  30  ft.,  broke  down,  and  in  half  an  hour  three 
more  failed.  By  11  o'clock  the  water  was  about  13  ft.  below  the  spill- 
way, and  by  6  p.  m.,  only  4  or  5  ft.  of  water  remained  in  the  dam.  By 
Friday  morning  it  was  entirely  empty. 

"The  dam  was  built  on  a  clay  formation  and  under  the  up-stream 
toe  was  a  cut-off  wall,  from  3  to  4  ft.  thick.  For  a  distance  of  600  ft. 
or  more,  on  the  east  side  of  the  valley,  this  cut-oif  wall  extended  down 
to  rock,  which,  from  all  accoimts,  is  of  an  indifl^erent  quality,  charac- 
teristic of  the  bituminous  coal  formation  in  the  vicinity  of  the  Middle 
Kittanning.  The  cut-off  trench  proved  to  be  very  difficult,  due  to  its 
depth,  the  number  of  boulders  encountered,  and  water-bearing  soil,  so 
that  the  material  sometimes  caved  behind  the  shoring  and  made  the 
work  dangerous.  The  engineers  in  charge  of  the  work  figured  that 
a  considerable  amount  of  money  could  be  saved  by  not  continuing  on 
rock,  which  appeared  to  be  increasingly  difficult  to  reach  toward  the 
west  end,  and  so  notified  the  principals  of  the  Paper  Company.  Not 
wishing  to  take  any  chances,  the  Company  advised  a  conference  with 
able  consulting  engineers,  which  was  had,  and  it  was  decided  to  step 
up  the  cut-off  wall  until  it  had  a  depth  of  about  5  ft.,  and,  according 
to  information  given  me  by  the  Superintendent  of  the  Whitmer  Lumber 
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Company,   these   engineers   concurred   in   the  recommendation   of   the      Mr. 
local  engineers  that  it  would  be  safe  to  make  this  change,  on  account  ^^^^^o^^- 
of  the  quality  of  the  material  being  very  compact  clay,  sand,  and  gravel. 

'"At  the  west  end  of  the  break,  this  cut-off  wall  was  not  more  than 
5  ft.  deep  and  about  2^  fl.  in  thickness.  The  break  extended  from 
Abutment  11  to  Abutment  16,  and  the  dam  is  further  damaged  to 
Abutment  19.  The  stepping  up  from  rock  to  earth  began  suddenly 
between  Abutments  15  and  16,  the  first  step  being  about  11  ft.,  and 
at  Abutment  11,  the  bottom  of  the  cut-off  trench  was  more  than  20  ft. 
higher  than  it  was  at  Abutment  16.  It  is  quite  probable  that  unequal 
settlement  occurred  due  to  the  change  from  rock  to  earth,  as  this  is 
where  the  break  took  place,  and  it  is  hard  to  understand  how  engineers 
familiar  with  the  Austin  Dam  failure  could  have  consented  to  any 
such  curtailment  of  depth  of  the  cut-off  trench. 

"The  writer  does  not  think  that  the  failure  of  the  dam  was  due 
to  the  Ambursen  type  of  superstructure,  but  it  is  very  clear  that, 
with  this  type,  it  is  no  more  safe  to  economize  on  the  depth  of  founda- 
tion than  with  any  other,  because  if  it  is  built  on  an  earth  foundation 
and  water  can  flow  through  under  it  in  material  quantities,  failure  is 
certain  to  take  place. 

''The  strongest  claim  of  the  advocates  of  the  hollow  dam,  particu- 
larly the  Ambursen,  is  that  it  is  much  more  economical  than  the  solid 
gravity  type,  but,  as  a  matter  of  fact,  on  account  of  its  structural 
complication,  with  its  forms,  reinforcement,  and  necessity  of  more 
expensive  concrete,  it  costs  not  much  less  for  equal  stability  and  utility; 
but,  in  order  to  make  the  comparison  more  favorable  to  their  type,  they 
economize  in  the  foundations,  which,  in  the  writer's  judgment,  should 
be  as  thoroughly  taken  care  of  as  with  the  gravity  dam.  The  case  in 
point  is  certainly  a  flagrant  illustration  of  their  bad  judgment  in  this 
respect. 

"According  to  the  plans  of  the  dam  revealed  in  a  paper  presented 
by  Mr.  Bayles  in  Engineering  News,  of  January  22d,  1914,  it  is  going 
to  be  a  very  difficult  matter  to  decide  just  how  far  to  carry  the  repairs 
so  as  to  prevent  subsequent  failure  of  some  other  portion. 

"It  is  the  practice  of  conservative  engineers  never  to  build  a  masonry 
or  concrete  gravity  type  of  dam  unless  they  can  found  it  on  rock  for 
practically  the  entire  distance,  and,  in  addition  thereto,  it  is  the 
practice  to  carry  a  cut-off  wall  down  far  enough  underneath  the  main 
foundation  to  be  practically  impervious  to  water.  The  writer  does  not 
see  what  advantage  the  Ambursen  type  of  construction  possesses  which 
makes  this  requirement  unnecessary,  but,  in  the  case  of  the  Stony  River 
Dam,  none  of  the  main  structure  was  founded  on  solid  ledge  rock  and 
only  two-thirds  of  the  cut-off  trench. 

"Fortunately,  no  lives  were  lost,  but  that  was  probably  due  to  the 
gradual  emptying  of  the  dam.  If  the  break  had  taken  place  suddenly, 
when  the  dam  was  full,  like  that  at  Austin,  Pa.,  it  is  probable  that 
there  would  have  been  some  loss  of  life,  although  the  towns  were  far 
enough  down  stream  so  that  they  could  be  notified  by  telephone  at 
least  an  hour  before  the  water  reached  them. 

"From  an  inspection  of  the  construction,  which  is  very  readily  made 
from  a  concrete  walk,  running  longitudinally  within  and  throughout 
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Mr.  the  entire  length  of  the  dam,  the  writer  is  convinced  that  the  super- 
^  °"^-  structure  was  built  in  a  workmanlike  manner,  but  the  concrete  appears 
to  be  somewhat  softer  than  it  should,  according  to  the  best  practice. 
On  account  of  the  large  amount  of  snow  all  around  and  the  debris 
in  the  valley  on  the  down-stream  side  of  the  dam,  and  the  ice  on  the 
up-stream  side,  it  was  impossible  to  make  any  close  inspection  of  the 
soil  or  the  geological  formations. 

"In  one  of  the  bays  are  several  gates  for  letting  off  the  water  in 
case  of  emergency,  or  for  any  other  reason,  and  there  is  also  in  an 
adjacent  bay  a  large  gate  for  the  same  purpose.  An  archway  entrance 
goes  through  the  wall  between  these  two  bays.  At  the  side  of  one  of 
them  is  a  concrete  stairway  and  an  iron  hand  railing,  and  this,  at  the 
time,  was  covered  with  ice,  due  to  drippings  from  a  crack  in  the 
up-stream  portion  of  the  dam,  making  the  valves  inaccessible.  A 
casual  inspection,  however,  showed  that  this  ice  could  have  been  chopped 
off  with  a  hatchet  or  axe  in  a  few  minutes,  or  poles  or  a  ladder  could 
have  been  run  down  from  the  concrete  walk  to  the  floor  where  the 
valves  were  located  .in  the  adjacent  bay.  If  these  gates  had  been  opened 
wide  from  Wednesday  morning,  it  is  quite  probable  that  the  water 
in  the  dam  would  have  been  so  lowered  as  to  prevent  failure.  It  is 
better,  however,  for  the  engineering  profession,  that  the  dam  did  fail, 
as  it  will  further  impress  upon  their  minds  the  necessity  of  care  and 
thoroughness  in  the  design  and  construction  of  dams  in  general. 

"The  nature  and  abundance  of  suitable  soil  and  the  depth  of  the 
bed-rock  indicate  that  the  proper  type  of  structure  would  have  been  an 
earthen  dam  with  a  concrete  spillway  on  either  the  east  or  the  west 
side-hill,  and  this  could  probably  have  been  built  safely  at  as  low  a 
cost  as  the  type  that  was  adopted." 
Mr.  J.  K.  Finch,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).! — When  the  fail- 
'°*''^'  ure  of  the  Stony  Kiver  Dam  was  first  reported,  and  before  complete 
details  were  available,  the  writer  pointed  out:}:  that  dams  of  this  type 
were  particularly  weak  as  regards  sliding.  Articles  on  the  inclined 
slab  and  buttress  dam  always  emphasize  the  great  stability  of  these 
dams  against  overturning,  but  fail  absolutely  to  call  attention  to  their 
weakness  as  regards  sliding.  When  the  buttresses  extend  down  to  rock, 
the  rock  surface  should  be  roughened  and  the  buttress  well  bonded  to 
it.  When  the  dam  is  founded  on  a  spread  footing,  four  important 
points  must  be  considered. 

1. — The  material  just  below  the  floor  of  the  valley,  on  which  the 
spread  footing  between  the  buttresses  is  placed,  must  be  of  a  satisfac- 
tory, compact,  substantial  character  that  will  not  "flow"  even  when  wet. 

The  idea  has  seemed  to  be  prevalent  in  the  minds  of  some  designers 
that  the  slab  and  buttress  dam  of  this  type  can  be  set  down  anywhere, 
on  the  surface  of  almost  any  kind  of  ground.  In  a  pamphlet  adver- 
tising a  dam  of  this  type,  it  is  described  as  built  on  "a  foundation 

*  New  York  City. 

t  Received  by  the  Secretary,  March  8th,  1917. 

t  In  a  letter  to  Engineering  News,  January  22d,  1914,  p.  202. 
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of  quicksand  and  hay."  Without  knowing  the  details,  it  is  difficult  JAt 
to  criticize  the  design,  but  the  writer  hardly  considers  it  as  con- 
servative engineering.  This  i:)articular  type  is  advantageous  of  course 
from  the  standpoint  of  economy,  when  the  depth  to  rock  is  great,  but 
the  foundation  material  is  certain  to  be  wet  at  times,  and  a  soft  rock, 
hardpan,  compact  gravel  and,  in  certain  cases,  a  compact  clay  would 
seem  to  be  the  foundation  range  for  a  dam  of  this  character. 

2. — The  unit  pressure  on  the  bottom  of  the  spread  footing  should 
be  low  and  uniform,  and  the  possibility  of  upward  pressure  on  the 
footing,  or  of  back-wash  undermining  it,  should  be  guarded  against. 

If  the  slab  is  inclined  at  the  usual  angle  of  about  45°,  uniform 
pressure  at  the  base  of  the  buttress  can  be  secured  by  making  the 
base  about  1.3  of  its  height.  It  is  usually  assumed  that  the  entire 
weight  of,  and  pressure  on,  the  slab  is  transmitted  to  the  foundation 
through  the  buttress.  A  small  "wash-wall"  at  the  down-stream  edge 
of  the  dam  prevents  undermining  of  the  footing  and  also  confines  the 
foundation  material,  but,  in  the  writer's  opinion,  this  should  not  be 
counted  on  to  resist  sliding.  Weep-holes  are  provided  in  the  footing 
in  order  to  eliminate  upward  pressure  on  the  base. 

3. — The  cut-off  wall  should  extend  down  to  impermeable  material, 
below  any  seams  which  might  communicate  between  the  reservoir 
floor  and  the  stream  bed  below  the  dam. 

Practically  all  the  failures  of  these  dams  have  been  due  primarily 
to  inadequate  cut-off  walls.  Note  especially  the  Pittsfield,  Mass.,  Dam 
and  the  less  fortunate  Stony  River  Dam.  It  is  said  that  engineers 
should  profit  by  the  expensive  experience  of  others,  but,  unfortunately, 
some  engineers  are  still  willing  to  "take  a  chance",  usually,  however, 
at  the  expense  of  others.  It  is  also  far  from  rare  to  find  cut-off  walls 
built  without  reinforcement  in  soft  material  requiring  sheeting  and 
where  the  sheeting  is  subsequently  pulled.  It  would  assuredly  seem 
that  all  cut-off  walls  which  are  not  built  in  compact  earth  in  an 
unlined  trench,  or  in  a  trench  in  which  the  sheeting  is  left  in  place, 
should  be  reinforced. 

4. — Stability  against  sliding  must  be  adequately  provided  for. 

In  the  letter  previously  mentioned  the  writer  said: 

"A  simple  calculation  shows  that  in  the  case  of  the  Stony  River 
Dam  a  coefficient  of  friction  of  about  0.52  is  required  to  prevent 
sliding.  *  *  *  the  soil  at  the  dam  site  [is  described]  as  'a  yellow  clay 
mixed  with  fine  sand  or  gravel  which  is  underlain  by  a  stiff  blue  clay, 
and  some  seams  of  a  black  material  occurring  in  places.'  At  the 
best,  this  material  could  not  be  counted  on  to  give  a  higher  coefficient 
than  0.70  to  0.80  and  when  wet  might  give  as  low  as  0.35.  Moreover, 
the  design  shows  weep-holes  in  the  spread  flooring,  indicating  that  the 
designer  expected  water  might,  as  it  doubtless  would,  occur  under 
the  base.  Under  these  conditions  it  is  difficult  to  see  what  factor  of 
safety   there   was   against   sliding    except   the   shearing   value   of    the 
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Mr.    concrete  of  the  cut-ofF  wall    (which   in  this   design  is   unreinforced) 
^'°*'^-  and  the  small  4-ft.  wash  wall  at  the  lower  edge  of  the  floor  that  should 
most  certainly  not  be  counted  on  as  offering  any  resistance." 

Lack  of  stability  against  sliding  is  a  well-recognized  point  of 
weakness  in  reinforced  concrete  structures  of  the  retaining  type,  and 
must  always  receive  careful  consideration.  In  retaining  walls,  it  is 
provided  for  by  projections  on  the  base,  and,  in  the  case  of  a  dam 
of  this  type,  Mr.  Scheidenhelm  has  described  the  various  methods 
available,  and  has  finally  selected  the  method  of  utilizing  the  upper 
portion  of  the  cut-off  wall  for  this  purpose.  The  writer  has  been 
advocating  the  same  method  of  design  in  teaching  a  class  in  rein- 
forced concrete,  and  is  pleased  to  see  this  feature  treated  so  completely 
and  thoroughly  in  this  paper.  The  slab  and  buttress  dam,  properly 
and  conservatively  designed,  offers  economic  advantages  which  un- 
doubtedly make  it  a  most  desirable  type  in  certain  locations;  Mr. 
Scheidenhelm's  paper  clears  up  one  of  the  important  points  regarding 
its  design,  which  has  long  been  neglected,  and  is  a  most  valuable  con- 
tribution to  the  literature  of  the  subject.  It  is  indeed  unfortunate 
that  the  West  Virginia  Pulp  and  Paper  Company,  which,  like  many 
other  concerns,  did  not  try  to  economize  at  the  expense  of  safety, 
but,  on  the  other  hand,  insisted  from  the  first  on  a  reliable  structure, 
should  have  been,  through  no  fault  of  its  own,  the  victim  of  such 
an  unnecessary  and  expensive  experience. 

One  other  point  in  the  design  of  these  dams  remains  to  be  settled, 
namely,  their  architectural  treatment.  A  design*  for  a  dam  at 
Coatesville,  Pa.,  by  Alexander  Potter,  Assoc.  M.  Am.  Soc.  C.  E., 
illustrates  the  only  attempt,  so  far  as  the  writer  is  aware,  to  design 
one  of  these  structures  of  really  pleasing  appearance.  In  the  Stony 
Kiver  Dam,  as  the  author  pointed  out,  no  such  treatment  was  con- 
sidered necessary,  but  it  is  more  and  more  evident  that,  in  engineering 
structures  which  are  near  cities  or  much  traveled  highways,  the  appear- 
ance must  be  considered.  Too  often  work  of  this  kind  is  attempted 
by  a  designer  who  knows  nothing  of  the  fundamental  principles 
involved,  or  it  is  left  to  a  young  architect  who  is  familiar  only  with 
house  architecture  and  attempts  to  apply  it  to  a  totally  different 
structure,  or  applies  some  inappropriate  form  of  ornamentation  that 
detracts  from,  rather  than  enhances,  its  appearance. 

The  Engineering  Profession  lacks  in  any  "tradition",  regarding 
the  proper  treatment  of  engineering  structures,  such  as  the  architect 
has  in  the  treatment  of  buildings  and  on  which  he  is  prone  to  lean, 
as  many  believe,  too  heavily.  Many  of  the  engineering  works  in 
Europe,  which  have  been  held  up  as  examples  of  good  engineering 
architecture,  are  merely  house  architecture  applied  to  engineering 
*  Engineering  News,  February  26th,  1914,  p.  461. 
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work.  The  true  solution  of  the  problem  is  in  developing  a  suitable  Mr 
treatment,  forming,  for  engineering  structures,  a  tradition  based  on 
the  same  fundamental  elements  as  those  on  which  architecture 
(building  composition)  is  based,  but  emphasizing  the  structural  fea- 
tures of  the  engineering  design  to  a  much  greater  extent  than  is 
common  in  architecture. 

The  fundamental  considerations  of  unity  of  effect,  balance,  pro- 
portion, harmony,  and  climax  cannot  be  taken  care  of  after  the 
structure  has  been  planned  and  partly  designed.  They  must  be  kept 
in  mind  from  the  very  first  and  receive  their  proper  consideration 
in  the  preliminary  schemes,  sketches,  and  plans  for  the  work.  The 
only  man  who  can  do  this  is  the  engineer  himself,  who  realizes  the 
structural  and  economic  principles  involved,  and,  it  is  hoped,  may 
soon  come  to  realize  the  necessity  for  proper  architectural  composi- 
tion as  a  basis  for  a  final  and  simple  decoration  in  which  the  struc- 
tural features  should  be  emphasized. 

P,  RuTENBERG,*  EsQ.  (by  letter). f — European  engineers  have  learned  Mr. 
much  from  their  American  colleagues,  and  the  war  proves  the  extent 
to  which  American  methods  of  solving  technical  problems,  of  their 
organization  and  realization,  have  been  adopted  and  developed  in 
Europe.  In  the  special  field  of  dam  building  they  have  heard  and 
learned  from  such  world-famous  works  as  the  Croton,  the  Roosevelt, 
the  Elephant  Butte  Dams,  and  many  others. 

If  the  writer  now  takes  the  liberty  of  criticizing  the  construction 
of  the  Stony  River  Dam,  it  is  because  this  structure,  in  his  judgment, 
is  lacking  in  just  that  efficiency  which  is  characteristic  of  American 
engineering. 

Foundations. — As  described  by  the  author,  the  foundation  soil  at 
the  site  of  the  dam  is  mainly  of  a  clayey  nature,  heterogeneous,  ]ter- 
vious,  and  of  poor  bearing  value  in  general.  The  examination  of  the 
old  cut-off  wall,  and  of  the  buttress  footings  remaining  intact,  showed 
that  abundant  percolation  and  leakage  existed  in  the  foundation  soil 
of  the  original  dam.  "The  contact  between  the  original  footings  and 
the  foundation  soil  was  in  some  places  found  to  be  faulty.  *  *  * 
Hollow  spaces  were  found  under  the  footings  around  the  4  by  12-in. 
weep-holes."  In  some  bays,  it  was  discovered  that  "the  foundation 
soil  had  been  washed  away  at  the  junction  between  the  footings  and 
the  cut-off  wall.  *  *  *  The  construction  joint  would  naturally  open 
somewhat,  due  to  the  deflection  of  the  foundation  soil  when  loaded. 
*  *  *  Observations  showed  that  grout  under  pressure  traveled 
under  the  footings  for  a  distance  of  at  least  100  ft.",  etc.  (pages 
241-242).:}: 

*  Petrograd,  Russia. 

t  Received  by  the  Secretary,  March  21st,  1917. 

t  Proceedings,  Am.  Soc.  C.  E.,  February,  1917. 


654      discussion:    reconstruction    of    stony    river   dam      [Papers. 

Mr.  All  this  was  produced  by  the  leakage  under  pressure  during  65  days 

■  only,  the  period  in  which  the  original  dam  functioned,  until  it  failed. 

The  faulty  conditions  of  the  foundation  soil  were  remedied  by 
pressure  grouting  through  the  original  weep-holes.  In  this  way,  the 
original  foundation  soil  under  the  footings  was  more  or  less  com- 
pacted, but  there  surely  remained  other  hollow  spaces  and  pockets 
from  which  water  under  pressure  passed,  not  to  the  weep-holes  of 
the  footings,  but  in  other  directions  of  least  resistance,  not  observed 
in  the  reconstruction  of  the  dam.  It  will  be  shown  later  that  the 
author  himself  admits  it,  and  that  his  statement  (page  242)  that  "the 
foundation  soil  under  the  original  footings  was  thoroughly  compacted 
so  as  to  warrant  the  assumption  that  the  footings  are  everywhere  in 
contact  with  the  foundation  soil",  is  not  entirely  correct.  Percolation 
and  leakage  will  cause  harmful  and  dangerous  uplift  pressure  in 
any  dam,  with  any  foundation  soil,  even  the  best. 

The  uplift  pressure  applied  to  the  up-stream  part  of  the  base 
increases  the  overturning  moment  of  the  dam  and  the  unit  stresses 
in  the  structure  and  on  the  soil  at  the  down-stream  foot  of  the  dam, 
where,  under  the  full  load  of  the  dam,  the  values  of  these  stresses 
are  maximum.  The  uplift  pressure  on  the  up-stream  part  of  the 
base  decreases,  consequently,  the  resistance  of  the  dam  to  overturning, 
and  may  render  insufficient  the  resistance  of  the  structure  and  that 
of  the  soil  at  the  base  to  the  efforts  of  compression  and  shearing 
developing  there.  The  same  conditions  created  by  the  uplift  pressure 
decrease  also  the  resistance  of  the  dam  to  sliding.  This  has  been 
the  cause  of  the  failure  of  many  dams,  even  with  good  foundation 
soils  which  have  possessed  the  best  frictional  resistance. 

Therefore,  it  is  impossible  to  state,  as  Mr.  Scheidenhelm  does 
(page  201),  that  "the  smaller  the  coefficient  of  frictional  resistance, 
the  less  the  net  effect  of  the  uplift  pressure." 

Consequently',  it  is  clear  that  percolation  and  leakage  must  be 
eliminated  by  all  possible  means  in  any  dam,  in  general,  and  in  the 
Stony  River  Dam,  with  its  heterogeneous  and  pervious  clay  founda- 
tions, in  particular. 

The  interception  of  the  leakage  and  percolation  in  this  dam  should 
have  been  made  directly  and  immediately  on  the  up-stream  face  of 
its  cut-off  wall  and  discharged  down  stream  by  special  channels  with- 
out any  pressure. 

Now,  the  principles  on  which  the  Stony  River  Dam  was  recon- 
structed are  quite  different.    On  page  251  we  read: 

"It  was  believed  to  be  preferable,  therefore,  to  take  such  risk  as 
might  result  from  the  existence  of  pockets,  as  it  were,  of  unrelieved 
uplift  pressure  near  the  down-stream  side  of  the  cut-off  wall  rather 
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than   to   invite  further   leakage  by   tapping   such   relatively   harmless,        Mr. 
deep-lying  pockets  of  water  under  pressure."  RutenberK 

This  statement,  it  seems  to  the  writer,  does  not  tally  with  the  most 
vital  principles  in  dam-building,  namely,  that  water  mider  pressure 
in  the  foundation  soil  is  never  harmless. 

According  to  the  foregoing  consideration,  the  system  of  drainage 
adopted  for  the  Stony  River  Dam  consists  of  3-in.  wrought-iron  pipes, 
perforated  with  four  i-in.  holes  per  linear  foot,  one  hole  in  each 
quadrant ;  three  pipes  per  bay,  driven  into  the  foundation  soil  ver- 
tically, the  first  "about  20  ft.  down  stream  from  the  cut-off  wall, 
except  at  the  bays  of  lesser  height,  where  they  are  at  a  minimum 
distance  of  12  ft.  from  it." 

The  writer  believes  that: 

1. — A  3-in.  pipe  with  four  small  perforations  per  linear  foot  for 
a  bay  15  ft.  high  is  useless  for  drainage,  even  if  the  drainage  pipes 
described  by  the  author  function  perfectly  well. 

2. — The  small  perforations  in  the  pipes  must  undoubtedly  have 
been  clogged  with  clay  in  the  process  of  being  sunk.  Mr.  Scheidenhelm 
states  (page  252)  that  "any  considerable  hydrostatic  pressure  near  the 
drain  pipes  would  soon  open  the  perforations."  He  admits  the  presence 
in  the  foundation  soil  of  considerable  hydrostatic  pressures  at  a  dis- 
tance of  20  ft.  from  the  down-stream  side  of  the  cut-off  wall,  which 
is  about  the  middle  of  the  base.  Consequently,  by  the  improper 
location  of  the  drainage  pipes,  alone,  the  up-stream  half  of  the  base 
is  exposed  to  dangerous  uplift  pressures,  with  all  previously  stated 
consequences,  viz.,  decrease  of  resistance  by  overturning,  increase  of 
the  unit  stresses  in  the  structure  and  on  the  foundation  soil,  saturation 
of  the  clay  foundation  soil  with  water,  and  decrease  of  its  resistance 
to  sliding;  which,  as  the  writer  understands,  cannot  but  be  harmful, 
and  all  this  solely  because  the  drainage  pipes,  even  assuming  that 
otherwise  they  function  perfectly  well,  are  not  in  the  proper  places. 

3. — Some  of  the  drainage  pipes  have  been  driven  vertically  to  a 
depth  of  20  ft.  into  the  foundation  soil.  When  they  are  filled  with 
drained  water,  it  is  clear  that  their  lower  perforations  are  submitted 
to  the  pressure  of  a  column  about  20  ft.  high,  and  at  this  lower  stratum 
of  the  foundation  soil  the  leakage  will  not  be  able  to  penetrate  into 
the  drainage  pipes,  unless  it  is  of  greater  hydrostatic  pressure.  Only 
a  small  part  of  the  leakage  will  penetrate  through  the  small  per- 
forations; the  remainder  will  continue  its  way  down  stream  into  the 
foundation  soil,  where  the  resistance  is  weaker.  Besides,  there  is  a 
possibility  that  the  drainage  pipes  will  be  filled  through  the  higher 
perforations  from  the  higher  strata  of  the  foundation  soil,  and  that 
the   collected   water   will   be   conducted   through   the   pipes   and   their 
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lower  perforations,  by  the  water  pressure  thus  formed,  into  the  other- 
wise dry  lower  strata  of  the  foundation  soil. 

In  fact,  on  page  254,  the  author  takes  cognizance  of  such  phe- 
nomena, for  which  manifestation  he  "has  been  unable  to  advance  any 
explanation  which  is  satisfactory  to  himself." 

The  writer,  therefore,  considers  these  pipes,  not  as  a  drainage 
system,  but  rather  as  a  means  of  introducing  water  into  the  founda- 
tion soil,  and  not  only  useless,  but  dangerous  to  the  safety  of  the  dam. 

Resistance  to  Sliding. — On  page  162,  we  read: 

;  ''The  method  adopted  [for  increasing  the  resistance  to  sliding] 
is  believed  to  be  new,  and  consists  in  the  use  of  anchoring  walls  ex- 
tending to  a  considerable  depth  into  the  underlying  foundation  soil, 
and,  in  effect,  utilizing  the  weight  of  that  underlying  soil  as  well  as 
the  resistance  (to  horizontal  movement)  of  the  soil  immediately  down 
stream  from  the  structure." 

These  anchoring  walls  are  two:  one  at  the  heel,  and  another  at 
the  toe,  of  the  original  structure  which  remained  intact. 

To  render  the  above-mentioned  service,  the  heel-wall  must  be 
strong  enough  to  be  able,  in  case  of  a  down-stream  sliding  of  the  dam, 
to  function  as  a  cantilever  which  can  overcome ,  the  resistance  of  the 
underlying  foundation  soil  to  sliding  and  shearing. 

The  paper  does  not  give  the  dimensions  and  calculations  of  the 
anchoring  walls,  but,  from  Plate  Y,  it  is  clear  that  they  are  too  weak 
to  serve  this  purpose.  The  heel-wall  is  not  able  to  compact  the 
underlying  foundation  soil,  and,  therefore,  make  it  less  pervious  by 
any  down-stream  movement  on  the  part  of  the  dam,  as  the  author 
believes.  It  will  simply  be  broken  in  this  case,  opening  the  joint 
between  the  upper  structure  and  the  cut-off  wall,  as  happened  in 
the  original  structure,  according  to  the  description  on  page  213. 

The  toe-wall,  as  constructed,  will  aid  in  collecting  the  leakage 
under  the  dam.  Consequently,  it  will  increase  the  uplift  pressures 
and  the  quantity  of  water  in  the  foundation  clay,  decreasing  the 
resistance  of  the  dam  to  overturning  and  sliding. 

Openings  should  have  been  made  in  the  vertical  part  of  this  wall, 
directly  under  the  footing  floor  of  the  dam  to  provide  a  free  exit  for 
the  leakage. 

As  far  as  the  two  anchoring  walls  are  concerned,  the  writer  does 
not  agree  with  the  author's  assertion  that  "the  reconstructed  dam 
acts  essentially  as  a  monolith"  and,  consequently,  he  does  not  agree 
that  "the  horizontal  member  of  the  toe-wall  in  effect  increases  the 
width  of  the  base  of  the  dam,  thus  decreasing  the  unit  vertical  load 
on  the  foundation  soil."  (Page  214.)  The  efforts  transmitted  by  the 
buttresses  to  the  foundation  soil  have  their  maximum  value  at  this 
point,  and,  the  writer  believes,  under  the  existing  circumstances,  will 
rather  break  this  horizontal  member  of  the  toe-wall. 
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The  under-cut  slope  of  the  heel-wall  presents,  besides,   a  surface        Mr. 
for     the    application    of    uplift     pressures,     which,     with    their    big    "  ^'"  ^^^' 
moment   arm,   decrease   also   the   stability   of   the   original   structure 
against  overturning. 

Jn  the  reconstruction  of  the  intact  part  of  the  dam,  the  only 
things  to  do  were:  to  fill,  if  possible,  all  the  holes  found  in  the  founda- 
tion soil;  to  repair  the  cut-off  wall,  and  to  build  a  reinforced  con- 
crete wall  up  stream  from  the  old  cut-off  wall,  bearing  upon  this  by 
concrete  apertures,  in  order  to  form  chambers  which  would  be  able 
to  maintain  the  percolation  through  this  drainage  wall  and  conduct 
it  without  pressure  down  stream  from  the  dam  by  convenient  channels. 

The  two  anchoring  walls  with  the  drainage  pipes  have  weakened 
the  original  stability  of  the  dam. 

The  "new  theory"  of  resistance  to  sliding,  with  the  investigation 
about  the  "plane  of  least  resistance",  with  the  tests,  calculations,  and 
deductions  of  an  "average"  coefficient  of  fractional  resistance  of  0.61 
in  wet  clay,  is  an  interesting  theoretical  exercise,  but  without  practical 
value  for  the  reconstructed  dam.  One  is  the  frictional  resistance 
of  a  cubic  foot  of  clay,  pulled  by  two  men  under  the  conditions  of 
the  improvised  laboratory  described;  the  other  is  the  effective  fric- 
tional resistance  of  the  wet  clay  of  heterogeneous  structure  in  the 
real  foundation  soil  loaded  by  a  head  of  90  ft.  and  more,  or  by  about 
6  000  lb.  per  sq.  ft. 

There  are  dams  in  which  the  necessary  weight  is  obtained  by 
clay,  sand,  pebbles,  even  water,  included  in  a  reinforced  coffer,  the 
bottom  of  which  constitutes  an  elastic  monolith  with  other  coffers. 
If  percolation  took  place,  it  would  be  applied  to  the  bottom  and,  con- 
sequently, to  the  whole  structure  of  the  dam.  The  material  of  light 
weight  cannot  be  washed  from  them. 

In  the  Stony  River  Dam,  however,  engineers  cannot  seriously  con- 
sider for  its  resistance  to  overturning  and  sliding,  the  "weight"  of 
the  underlying  foundation  soil,  which  can  be  and  is,  as  is  known, 
washed  away  by  the  existing  leakage  and  percolation. 

Spillway. — Not  being  acquainted  with  the  hydrological  conditions 
of  America,  the  writer  cannot  give  an  opinion  as  to  whether  the  spill- 
way capacity  'provided  in  the  reconstructed  dam  is  adequate  or  exces- 
sive ;  but  one  thing  is  clear :  that  by  adding  3  J  ft.  of  water  to  the 
original  level  in  the  reservoir,  the  horizontal  water  pressure  and  its 
overturning  moment  are  increased  by  about  20%  for  the  typical 
section  indicated  on  Plate  V.  The  increase  is  greater  for  the  sections 
of  less  height. 

The  parapet-like  addition  to  the  original  structure  and  the  curtain- 
wall  and  roof,  contribute  a  vertical  effort  of  important  value, 
which  passes  into  the  down-stream  third  of  the  base.  Both  conditions 
increase   the   overturning    moment,    consequently,    they    also    decrease 
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Mr.  the  safety  of  the  original  structure.  The  upper  structure  in  the 
new  spillway  is  made  heavier  than  in  the  original  dam. 

For  each  horizontal  section  the  water  loading  is  exactly  the  same 
in  the  new  and  in  the  old  structure.  Thus,  either  the  original  struc- 
ture is  insufficient  or  the  excess  of  the  new  is  useless.  In  any  case, 
the  subjection  of  the  original  structure  to  greater  loadings  and  unit 
stresses  than  those  for  which  they  were  evidently  designed  is  dan- 
gerous ;  22  000  lb.  per  sq.  in.  =  15.5  kg.  per  sq.  mm.  in  the  steel, 
and  800  lb.  per  sq.  in.  =  56.5  kg.  per  sq.  cm.  in  the  concrete,  are  too 
much,  at  least,  according  to  European  provisions.  The  paper  does 
not  give  the  necessary  data  with  which  it  would  be  possible  to  com- 
pute the  unit  stresses  in  the  structure  and  on  the  soil,  but  the  writer 
is  sure  that  the  load  on  the  soil  at  the  down-stream  foot  of  the  dam  is 
excessive.  Since,  under  favorable  circumstances,  a  part  of  the  orig- 
inal structure  remained  intact,  it  was  advisable  to  maintain  the 
original  maximum  water  level. 

The  allowed  over-topping  of  2^  ft.  of  w^ater  from  a  height  of  40  ft. 
between  Buttresses  19  and  A  is,  it  would  seem,  also  dangerous.  The 
shock  of  the  falling  water  will  not  only  break  the  provided  horizontal 
and  inclined  reinforced  mat,  but,  when  that  occurs,  it  will  wash  the  soil 
from  under  the  dam  footings. 

On  page  171,  Mr.  Scheidenhelm,  criticizing  the  rupture  of  the 
original  dam,  says :  "The  conditions  obtaining  at  the  Stony  River  dam 
site  are  such  that  a  safe  dam  could  be  built  there.  *  *  *  The  dam 
should,  and  could,  have  been  designed  and  constructed  so  as  to  be 
absolutely  safe." 

The  writer  believes  the  reconstructed  dam  is  less  safe  than  the 
original  structure. 

The  flaws  in  the  foundation  soil  which  had  not  been  taken  care 
of  by  the  constructors  of  the  original  dam,  widened  and  became  more 
pronounced  by  the  water  pressure  formed  by  the  old  dam.  After  the 
rupture  occurred,  some  of  these  flaws  came  to  light  and  could  not  but 
be  remedied;  so  that  the  foundation  soil  was  relatively  reinforced, 
thus  giving  it  another  short  lease  of  life,  longer  than  for  the 
original  dam. 

The  writer  is  firmly  convinced,  however,  that  were  the  reservoir 
no\v  to  be  emptied  and  the  foundation  soil  examined  it  would  be 
found  to  be  in  a  very  bad  state. 

"Certain  of  the  drainage  openings  yielded  muddy  water,  instead 
of  the  normally  clear  water.  *  *  *  Such  openings  were  grouted 
shut,  rather  than  take  any  chances  of  harmful  erosion  under  the 
footings."     (Page  254.) 

This  "harmful  erosion"  has  surely  foimd  other  ways,  unobserved 
by  the  author. 
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The  writer  is  firmly  convinced  that  the  reconstructed  dam  will  also        Mr. 
be  broken,  perhaps  soon,  if  adequate  repairs  are  not  made  in  time.     It  ^"'^"  ^^^ 
is  a   question  of  preventing  a  new   disaster.     These  are  the  writer's 
reasons  for  taking-  the  liberty  of  criticizing-  the  work  done  in  the  recon- 
struction of  the  Stony  River  Dam. 

Fred  F.  Moore,*  M.  Am.  See.  C.  E.  (by  letter). f— After  study  of     Mr. 
this  excellent  description  of  the  interesting  reconstruction  of  an  uncom-  ^°"''^- 
raon  type  of  dam,  two  impressions  stand  out  prominently : 

First,  that  there  is  a  dearth  of  information  regarding  sub-surface 
conditions  as  a  guide  to  the  original  designs.  Even  now,  comprehen- 
sive knowledge  of  the  character  of  the  foundation  materials,  and  the 
behavior  of  these  materials  under  the  conditions  imposed,  does  not 
appear  to  be  sufficient  to  justify  the  conclusions  reached  by  the  author 
as  to  the  margins  of  security  of  the  reconstructed  dam.  Tests  of  fric- 
tional  resistances  of  soils,  as  carried  out  in  connection  with  this  work, 
are  of  doubtful  value  as  an  aid  to  the  judgment,  because  of  the  small  • 
areas  in  contact,  and  the  values  of  frictional  resistance  adopted  for 
the  design  seem  to  be  considerably  larger  than  even  the  indications  of 
these  experiments  would  justify. 

Second,  with  reference  to  the  functioii  of  the  walls  at  "heel"  and 
"toe''  in  resisting  movement  of  the  structure  as  a  whole,  the  analyses 
which  consider  sliding  and  overturning  independently  would  appear 
to  befog  rather  than  to  aid  the  judgment.  Materials  such  as  these, 
mixed  with  clay  and  saturated  with  water,  perhaps  under  considerable 
pressure,  and  subjected  to  large  loads,  would  flow,  or,  at  least,  transmit 
pressures  in  all  directions  like  a  liquid.  In  order  that  the  cut-off  wall 
at  the  "heel"  may  aid  in  resisting  sliding  as  described,  there  must  be 
a  sensible  movement  of  the  structure  as  a  whole,  with  consequent  large 
uplift  on  the  base  of  the  dam.  Hence,  the  sliding  and  overturning,  or, 
perhaps  Joetter,  the  floating,  of  the  structure  must  be  considered  with 
reference  to  the  effect  or  reaction  of  these  tendencies  one  on  the  other. 
That  is,  the  materials  under  the  dam,  with  reference  to  the  function 
of  the  cut-off  wall  in  resisting  sliding,  must  be  considered  as  a  flowing 
medium  rather  than  one  in  which  a  sliding  may  occur  on  certain 
planes  like  one  solid  on  another. 

The  wall  at  the  "heel"  does  not  appear  to  have  siofficient  strength 
for  the  purpose  contemplated.  If  this  wall  is  fractured,  water  under 
reservoir  pressure  in  considerable  quantity  would  have  access  to  the 
materials  under  the  dam.  The  drainage  provisions  appear  to  be  a 
doubtful  reliance  for  minimizing  uplift  pressure.  The  danger  of  por- 
tions of  the  dam  being  floated  off  the  foundations  from  leakage  of 
water  under  pressure  through  the  cut-off  at  the  "heel",  and  through, 

*  New  York  City. 

t  Received  by  the  Secretary,  March  21st,  1917. 
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Mr.  or  under,  the  cut-off  at  the  "toe",  at  a  time  of  large  overflow,  appears 
'  not  to  have  had  sufficient  consideration.  Although  the  idea  of  using 
the  materials  betv/een  the  cut-offs  and  immediately  down  stream  from 
the  "toe"  to  resist  sliding  is  a  good  one,  it  is  doubtful  if  the  recon- 
structed dam  has  a  sufficient  margin  of  security  to  warrant  a  conclu- 
sion that  it  is  not  likely  to  fail  again. 

The  run-off  assumed  for  the  design  of  the  spillway  appears  to  be 
reasonable  for  the  purpose,  but  the  margin  of  6  in.  against  over- 
topping is  too  small.  A  flow  of  2  ft.  of  water  over  the  intermediate 
spillway  would  not  fall  "well-nigh"  vertically.  Such  a  flow  would 
strike  the  slope  of  the  fill  (Plate  V),  which  is  inadequately  protected 
for  such  a  condition.  Even  water  falling  into  the  concrete  channel 
from  the  top  of  the  dam  would  start  serious  trouble  through  erosion 
of  the  bank  by  wash.  Regardless  of  damage  by  falling  water,  the  con- 
crete channel  is  too  small.  Any  considerable  flow  over  the  intermediate 
spillway  would  be  almost  certain  to  start  cutting  of  the  materials  at 
the  "toe". 

The  use  of  brittle  steel  pins  for  the  flash-board  support  is  unusual, 
and  would  seem  to  be  an  expedient  of  doubtful  value. 

Mr.  W.  S.  Downs,*  Esq.   (by  letter). f — Ignorance  of  the  coefficient  of 

.sliding  friction  between  rock  sub-strata,  and  the  resulting  neglect  to 
provide  the  proper  safeguards,  have  been  the  cause  of  numerous  dam 
failures.  Such  failures  never  occur  where  the  rock  is  of  igneous 
origin,  such  as  granite,  trap,  or  the  like,  but  authenticated  records 
show  that  this  danger  lies  in  the  softer  sedimentary  formations  where 
the  rock  is  horizontally  stratified  or  nearly  so. 

Probably  in  no  extensive  geological  formation  is  sliding  or  slipping 
of  materials  more  in  evidence  than  in  the  formations  of  the  Car- 
boniferous period,  especially  that  portion  of  these  formations  which 
include  the  coal  measures  of  the  Appalachian  fields  and  in  which  the 
Stony  River  Dam  is  situated. 

These  formations  are  highly  stratified,  the  strata  usually  consist- 
ing of  rather  soft  shales,  ranging  from  a  very  soft  fire-clay  shale  to  a 
sandy  shale,  with  occasional  thin  strata  of  coal  and  limestone  and 
lentils  of  sandstone.  One  of  the  chief  difficulties  in  studying  the 
formations,  however,  is  the  non-uniformity  and  non-persistency  in 
the  character  of  the  stratai.  The  same  stratum  sometimes  varies  from 
a  hard  sandy  shale  to  a  soft  fire-clay  shale  within  a  few  hundred  feet. 
The  shales  decompose  and  disintegrate  very  rapidly  when  exposed  to 
atmospheric  conditions,  and,  when  decomposed,  the  resulting  clays  and 
soils  are  difficult  to  drain  and  exceedingly  unstable. 

*  Morgantown,  W.  Va. 

t  Received  by  the  Secretary,  March  21st,  1917. 
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The  available  data  on  the  coefficient  of  static  friction,  especially  as  Mr. 
to  layers  of  shales  and  clays,  are  extremely  meager.  In  fact,  very 
little  has  been  learned  on  this  subject  since  Morin  made  his  experi- 
ments in  1834.  The  intensity  of  the  pressure  and  the  length  of  the 
time  of  contact  between  the  two  surfaces  are  factors  the  influence  of 
which  on  the  universal  laws  of  friction  are  but  vaguely  understood. 
Therefore,  until  more  extensive  experiments  have  been  made,  and  these 
general  laws  are  more  thoroughly  understood,  it  behooves  the  engineer 
not  only  to  make  as  thorough  tests  as  practicable  on  the  materials  in 
question,  but  to  use  an  ample  factor  of  safety  in  designing. 

Unfortunately,  tests  on  a  large  scale  are  practically  impossible,  and 
engineers  must  often  base  their  conclusions  on  tests  of  small  areas 
of  contact  and  with  relatively  light  pressures.  In  applying  these  tests 
to  the  whole  foundation  area,  they  must  depend  largely  on  their  knowl- 
edge of  the  geological  conditions,  coupled  with  an  abundance  of  good 
judgment. 

Mr.  Scheidenhelm's  tests  on  the  frictional  resistance  of  the  founda- 
tion soils,  as  shown  in  Table  2,  are  interesting,  and  are  valuable  as  an 
indication  of  the  character  of  the  materials  in  question.  However, 
too  much  dependence  should  not  be  placed  on  the  results  of  these 
tests.  The  same  materials  might  show  very  different  results  when 
subjected  to  the  more  intense  pressure  of  the  dam  for  an  indefinite 
length  of  time;  and,  moreover,  the  condition  of  saturation,  as  it  must 
exist  beneath  the  dam,  might  change  the  value  of  the  coefficient  of 
friction  very  materially.  The  writer  has  had  occasion  to  study 
numerous  slips  and  landslides  in  materials  of  this  character,  and  has 
been  surprised  to  note  the  vast  difference  in  frictional  resistance 
between  dry  and  wet  clays.  He  has  in  mind  one  instance  where  dry 
clay  soil  indicated  a  coefficient  of  frictional  resistance  of  more  than 
0.7,  but  after  it  had  become  thoroughly  saturated  for  a  considerable 
time,  the  coefficient  of  frictional  resistance  was  less  than  0.2. 

Referring  to  the  results  of  Mr.  Scheidenhelm's  tests,  in  Table  2, 
it  will  be  observed  that  there  is  considerable  difference  in  the  frictional  . 
resistance  between  wet  and  moist  samples  of  the  same  materials,  and 
therefore  the  question  arises:  Might  not  the  frictional  resistance  be 
still  lower  than  is  indicated  by  the  tests  when  the  clays  are  subjected 
to  the  conditions  that  will  exist  in  the  foundation  materials  of  the  dam  ? 

At  first  thought,  the  coefficients  of  frictional  resistance  for  shales 
(0.40  and  0.50),  assumed  by  Mr.  Scheidenhelm  in  the  design  for  the 
reconstruction  of  the  dam,  may  seem  to  be  rather  low.  However,  it 
should  be  remembered  that  the  shales  in  question  have  "pronounced 
horizontal  laminations"  and  are  somewhat  disintegrated,  and  that  clay 
seams  exist  in  places. 
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Mr.  The  lamination  planes  in  the  fire-clay  shales  of  the  coal  measures 

■  often  show  a  slick,  smooth  surface,  sometimes  of  a  more  or  less  slip- 
pery nature.  It  is  very  evident  that  the  cohesion  between  the  sub- 
strata at  these  planes  must  be  exceedingly  slight,  andj  unless  the  planes 
of  contact  are  very  much  warped  or  of  limited  extent,  the  resistance  of 
the  materials  to  sliding  must  be  rather  low. 

Mr.  H.  L.  CoBURN,*  M.  Am.  Soc.  C.  E.  (by  letter). f — The  Engineering 

urn.  Profession  is  to  be  congratulated  that  there  are  engineers  who  have 
the  time,  the  disposition,  and,  more  especially,  the  ability,  to  prepare 
such  a  paper  as  this.  One  rarely  sees  a  more  complete  exposition  of 
an  engineering  problem  from  inception  to  finish  than  is  here  presented. 
The  writer  says  from  inception,  for,  to  all  practical  purposes,  this 
was  an  entirely  new  problem,  as  few  or  no  data  were  available  for 
the  author's  use. 

As  originally  built  the  Stony  River  Darn  was  designed  to  meet 
certain  stated  conditions  of  foundation,  which,  subsequent  events 
proved,  did  not  apply,  and  the  failure  of  the  dam  is  attributable  to 
this  fact  alone  and  not  in  any  way  to  the  type  of  structure.  JSTo 
dam  designed  to  fulfill  the  conditions  given  could  have  withstood 
the  treatment  to  which  this  one  was  subjected,  and  the  writer  thinks 
it  an  evidence  of  sound  fundamental  principle  that  the  dam  failed 
only  in  part  and  that  part  so  gradually. 

This  is  neither  the  time  nor  the  place  to  discuss  the  conditions 
that  led  to  the  designing  and  building  of  this  dam  on  data  that  were 
wholly  inadequate  and  erroneous.  The  great  lesson  to  be  learned 
from  the  failure  is  the  advisability,  not  to  say  necessity,  of  complete 
preliminary  investigations  on  which  to  base  design,  and  adequate  and 
competent  engineering  supervision  of  construction — money  thus  spent 
is  "well  spent." 

As  to  the  reconstruction,  though  the  \vriter  doubts  that  all  the 
safeguards  against  a  possible  second  failure,  which  Mr.  Scheidenhelm 
has  taken,  were  necessary,  yet  he  feels  that,  in  the  circumstances,  they 
may  be  justified.  If  more  accurate  data  were  available  as  to  "passive 
thrust"  or  resisting  power  of  the  local  soils,  and  more  real  information 
as  to  coefficient  of  friction  between  these  soils  and  the  concrete  cast 
thereon,  engineers  might  criticize  his  details  in  some  respects,  but 
with  the  limited  knowledge  of  actual  values,  and  particularly  in  view 
of  the  fact  that  this  was  a  case  of  rebuilding  a  structure  which  had 
partly  failed,  and  about  which  very  sensational  stories  had  been  cir- 
culated, the  writer  considers  that  if  the  dam  was  to  be  rebuilt  at  all, 
it  was  good  judgment  to  assume  the  "worst  possible  conditioiLs"  and 
to  make  assurance  doubly  sure. 

*  New  York  City. 

t  Received  by  the  Secretary,  March  21st,  1917. 
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H.  F.  Dunham,*  M.  Am.  Soc.  C.  E.  (by  letter ).t — In  the  discussion  _  Mr. 
of  a  paper  on  the  repairs  made  to  a  structure,  it  may  not  be  in  order 
to  refer  to  the  reasons  for  erecting  that  structure;  but,  if  such  refer- 
ence is  allowable,  replies  to  two  or  three  questions  may  be  of  interest. 

An  article  published  in  a  technical  journal:|:  at  about  the  date  of 
the  construction  of  the  Stony  River  Dam,  contained  a  few  words  relat- 
ing to  the  object  to  be  secured  by  the  improvement.  At  some  point  on 
the  North  Branch  of  the  Potomac  below  its  Stony  River  tributary 
there  was  a  paper  mill  with  an  insufficient  supply  of  wash-water  in 
dry-weather  periods.  There  was  no  mention  of  the  use  of  an  increased 
flow  of  the  river  for  power  purposes.  There  were  no  figures  for  the 
dry-weather  discharge  of  the  main  stream  at  the  mill,  nor  of  its 
tributary.  The  additional  quantity  of  wash-water  needed  was  not 
given,  and,  furthermore,  there  was  no  longitudinal  profile  of  either 
the  North  Branch  or  the  Stony  River,  and  no  description  of  the  river 
valleys  or  reference  to  any  other  method  of  providing  the  unestimated 
but  desired  supply. 

It  should  be  generally  admitted  that  if,  within  a  few  years,  the 
supply  of  wash-water  has  approached  the  desired  quantity  there  would 
certainly  be  enough  at  all  times,  if  the  natural  or  original  conditions 
pertaining  to  those  streams  could  be  restored.  When  the  entire  dis- 
trict was  heavily  wooded,  the.  winter  snows  were  longer  in  melting, 
the  ground  did  not  freeze  to  such  depth  as  now  and  ^Tlore  of  the 
spring  rainfall  remained  as  ground-water  for  a  longer  period.  More- 
over, when  floods  were  less  frequent,  fallen  tree  trunks  and  branches 
lodged  in  narrow  channels,  holding  the  water  back.  The  beaver  built 
his  dams,  with  similar  results,  and  when  they  were  old  he,  too,  repaired 
them.  All  of  this  was  favorable  to  a  longer  and  more  uniform  flow 
of  water  in  dry-weather  periods  than  obtains  at  the  present  time. 
It  may  be  within  reason  to  inquire  how  far  Nature's  regulation  of 
flow  in  such  streams  can  now  be  imitated.  The  forest  and  frost  are 
items  that  cannot  be  changed,  but,  given  favorable  topography  and 
soil,  the  fallen  timber  dams  and  those  made  by  the  beaver  with  the 
higher  ground-water  table  could  be  copied  successfully  and  possibly 
improved. 

The  photographs  in  the  paper,  and  the  dam  itself,  1  000  ft.  long 
at  the  most  favorable  location,  indicate  a  valley  of  some  width.  The 
sandstone  mentioned,  and  the  fact  that  the  water  found  its  way 
under  the  cut-off  wall,  show  the  existence  of  a  somewhat  porous  soil. 
It  is  evident  that  the  structure  described  was  expensive.  Had  a  part 
of  that  expense  been  used  to  construct  a  number  of  low  but  permanent 
dams  at  favorable  places  for  low  dams,   each  to  be  provided  with   a 

*  New  York  City. 
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Mr.  cheap  low-water  sluice-gate  that  would  require  a  minimum  of  attention, 
'  a  considerable  change  in  the  dry-weather  flow  of  the  stream  would 
have  been  secured.  The  author  refers  to  the  existence  of  ground-water 
in  and  about  the  foundations  of  the  dam.  To  raise  the  level  of 
such  ground-water  over  considerable  areas  gives  available  storage, 
and  water  thus  stored  is  not  subject  to  such  rapid  evaporation  as 
surface  water. 

The  dams,  of  course,  would  hold  back  surface  water  as  well  as 
V  ground-water.     The  extent  to  which  the  flow  of  a  stream  is  regulated 

by  higher  ground-water  level  is  often  surprising.  This  is  well  illus- 
trated by  rivers  flowing  through  wide  flood-plains  which,  sponge-like, 
retain  large  quantities  of  flood  water  which  are  gradually  returned 
to  the  river  in  its  lower  stages. 

At  certain  seasons,  especially  in  the  spring,  streams  of  moderate  or 
sluggish  current  may  carry  too  much  silt  to  be  suitable  for  a  supply 
of  wash-water.  In  the  article  previously  referred  to  no  mention  was 
made  of  any  filtration  process,  but,  if  that  method  is  used,  a 
reservoir  below  the  mills  suitable  for  the  purpose  of  sedimentation 
and  refiltration  should  have  substantial  value. 

The  writer  has  no  wish  to  "go  behind  the  returns"  or  to  ask  for 
any  reference  to  the  business  affairs  of  business  men  that  need  not  be 
disclosed.  The  first  studies  pertaining  to  any  improvement  are  always 
interesting,  and  they  are  quite  apt  to  be  overlooked  in  the  description 
of  a  finished  work. 

How  the  cost  of  the  dam  as  it  is  now  compares  with  the  estimated 
cost  of  a  gravity-section  dam  of  the  same  general  dimensions  would 
be  of  interest,  as  would  also  the  question  of  a  curved  versus  a  straight 
dam  for  structures  of  either  type  in  that  place. 

Mr.  Orrin  L.  Brodie,*  M.  Am.  Soc.  C.  E.  (by  letter). t — The  author  is 

to  be  thanked  for  the  lucid  and  well-arranged  presentation  of  the 
subject  matter  relating  to  the  reconstruction  of  the  Stony  River  Dam, 
and  the  thorough  manner  in  which  he  has  treated  the  various  phases  of 
that  work. 

One  of  the  most  striking  features  of  his  design,  to  the  writer  at 
least,  was  the  unique  method  of  anchoring  the  up-stream  heel  and 
cut-otf.  Relative  to  this  matter,  certain  statements  of  the  author  in 
his  brief  outline  of  the  previous  failure  of  the  structure  were  impres- 
sive.    These  were : 

''Failure  occurred  where  the  up-stream  cut-off  wall  extended  only 
a  short  depth  (5  to  1  ft.)  into  the  over-burden." 

"Failure  was  caused  by  undermining  due  to  leakage." 
"The  type  of  dam  was  not  in  any  way  a  cause  of  failure." 

♦  New  York  City. 

t  Received  by  the  Secretary,  April  4th,  1917. 
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Thoughtful  consideration  of  these  three  statements  taken  together     Mr. 

,  ,  .  T        ^  n        •  Brodie. 

forces  on  the  writer  the  lollowmg  query : 

Would  not  a  dam  subject  to  considerable  head  of  water,  such  as 
the  one  described,  but  containing'  sufficient  mass  that  could  contribute 
by  its  dead  weight  a  resistance  per  se  to  sliding  and  overturning  ten- 
dencies, be  more  satisfactory  in  every  respect  than  one  of  the  type 
here  considered?  Even  though  the  hollow  concrete  type,  such  as  the 
one  described  in  the  paper,  may  possess  decided  advantages  in  the 
matter  of  stability  against  overturning,  there  is  always  the  possibility 
of  the  admission  of  water  below  it,  which,  besides  increasing  its 
tendency  to  slide,  destroys  any  advantage  inherent  in  its  form  in  the 
matter  of  stability.  Besides,  as  shown  by  the  author,  an  up-stream 
cut-off  thoroughly  anchored  to  the  heel  seems  to  be  a  vital  necessity. 
It  is  also  significant  that  the  reconstruction  involved  a  quantity  of 
masonry  equal  to  that  of  the  initial  construction,  which  might  better 
have  been  utilized  in  the  first  place. 

The  method  of  computing  the  storage  effect  of  the  reservoir  area 
with  respect  to  the  spillway  run-off  was  interesting  to  the  writer,  as 
was  the  detail  of  the  spillway  shape,  as  depicted  on  Plate  III  and  noted 
by  the  author  as  being  a  more  advantageous  crest  than  that  of  the  old 
spillway. 

An  investigation  as  to  spillway  run-off  with  respect  to  two  basins, 
the  waste  weirs  of  which  were  at  different  crest  elevations,  was  made 
by  the  writer,  and  involved  an  interconnecting  tunnel  between  these 
two  reservoirs  (constituting  the  substitute  supply  works,  connected 
with  the  new  Kensico  Reservoir  for  New  York  City). 

The  understanding  of  the  method  will  be  facilitated  by  the 
following  nomenclature: 

Volumes  are  in  cubic  feet;  flows  in  cubic  feet  per  second;  and  times, 
in  seconds. 

H^',  H^,  and  -ffi",  -ffg"'  ^^^  elevations  of  water  surfaces  in  the 

respective  reservoirs,  Nos.  1  and  2 ; 
t  =  time  for  Reservoir  No.   1  to  rise  through  a  small  distance 

{W  to  E")  ; 
Fj  :=  increment  of  capacity  due  to    (i?/'  —  -5^/)    foi"  Reservoir 

No.  1; 
Fj  =  increment  of  capacity   due  to    {B.^'  —  B.^')   for   Reservoir 

No.  2 ; 
/^  =  average  inflow  during  time,  f,  from  water-shed  of  Reservoir 

No.  1; 
/g  =  average  inflow  during  time,  t,  from  water-shed  of  Reservoir 

No.  2; 
i  =  average  flow,  during  time,  t,  through  tunnel  and  from  Reser- 
voir No.  1  to  Reservoir  No.  2 ; 
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Mr.  Q^'  and  Q^'  =  flow  over  respec};ive  weirs  at  the  beginning  of  time, 

^^°^'^  "         ^;and 

Q^"  and  Q^"  =  flow  over  respective  weirs  at  the  end  of  time,  t. 

For  Keservoir  No.  1: 

V 
t  =  - P (1) 


For  Reservoir  No.  2 : 


^i-i-^iQi    +  Qx") 


F. 


t  =  ^ (2) 

^2  +  ^-2(^2'+  Q2") 

Eliminating  i  between  Equations  (1)  and  (2)  : 
from  Equation  (1)  t[l^  —  i  —  ^  (Q/  +  Qi")~\  =  Fj (3) 

from  Equation  (2)  t  [l,  +  ^  —  |  (^2'  +  ^2")]  =  V, (4) 

from  Equations  (3)  and  (4) 

F,  +  F, 
t  =  1 '-^^ (5) 

^1  +  ^2  —  2  (^1'  +  ^1"  +  ^2'  +  ^2") 

Method,  by  successive  approximations,  of  applying  the  foregoing 
expressions : 

V^  is  a  direct  function  of  t  and  i,  that  is,  F^  =  /  (t,  i)  and  must 
be  so  considered. 

Begin  with  Equation  (5)  :  First,  assume  values  for  V^  and  F,  and 
corresponding  values  for  the  other  terms  in  the  right-hand  member. 
Substitute  the  value  of  t  thus  found  in  the'  left-hand  members  of 
Equations  (3)  and  (4),  with  the  corresponding  new  value  of  i,  until 
Equations  (1)  and  (2)  are  satisfied.  The  second  value  of  t  can  thus 
be  tested  by  Equations  (1)  and  (2).  The  values  of  F^  and  V^  of 
Equations  (3)  and  (4),  respectively,  must  agree  with  the  values  of  F^ 
and  F^  in  Equation  (5). 

The  calculations,  as  briefly  outlined  in  the  foregoijig,  may  be  made 
in  connection  with  the  use  of  chosen  run-off  diagrams,  together  with 
capacity  curves  prepared  both  for  the  weirs,  tunnel,  and  reservoirs. 
The  results  may  be  shown  by  appropriate  curves  of  reservoir  rise  with 
time  intervals  from  the  beginning  of  the  storm,  or  with  respect  to 
any  stage  desired. 

In  connection  with  the  consideration  of  the  spillway  shape,  the 
writer  has  determined  the  applica:bility  of  a  parabola,  the  origin  of 


Fajiers.]      DISCUSSION:    RECONSTRUCTION    OF   STONY    RIVER    DAM      667 

which  may  be  taken  at  the  actual  crest  of  the  weir  and  the  parameter     Mr. 
at  about  1.8   times  the  head  of  full   reservoir  level   on   the  so-called    '°  '^' 
"theoretical  crest"   (that  is,  the  actual  crest  of  a  corresponding  thin- 
edged  weir).     This  parabola,  with  axis  vertical  and  through  the  crest, 
will    determine   approximately   the   lower   nappe   or   sheet   of   overfall 
for  a  weir. 

The  study  leading  to  this  conclusion  was  based  on  weir  experiments 
by  M.  Bazin.  This  parameter  may  be  increased  for  practical  consider- 
ations to  as  much  as  21  times  the  head. 

The  writer  is  not  aware  of  the  detailed  method  by  which  the  shape 
of  the  new  spillway  crest  of  the  Stony  River  Dam  was  fixed,  but, 
by  the  foregoing  method,  he  calculated  the  crest  for  the  given  head 
and  was  interested  to  find  that,  as  far  as  could  be  ascertained  by 
careful  scaling  of  the  spillway  of  Plate  III,  a  practical  identity  resulted. 
The  advantage  of  a  larger  value  than  1.8  for  the  parameter  factor 
used  by  the  writer  in  this  instance  is  that  it  permits  of  flattening 
the  curve  just  down  stream  froro  the  crest,  thus  improving  the  flow 
conditions.  For  a  solid  masonry  weir  a  larger  parameter  enables  the 
parabolic  section  to  be  extended  to  a  lower  elevation  than  otherwise. 
In  the  case  under  consideration  it  was  obvious  that  the  comparatively 
steep  apron  slope  required  a  minimum  value  for  this  particular  para- 
meter. 

The  author  intimates  that  the  preliminary  soundings  were  made 
by  test  pits  and  auger  borings,  that  failure  occurred  where  the  up- 
stream cut-off  wall  extended  only  from  5  to  7  ft.  into  the  over-burden, 
and  that  the  technical  advisers  consulted  on  the  original  project 
were  not  familiar  with  the  local  conditions.  Later,  it  appears,  the 
results  of  core  borings  driven  for  reconstruction  investigations  disclosed 
lentils  and  alternations  of  pervious  with  impervious  strata,  and  that 
sandstone  boulders  or  false  cliffs  had  been  mistaken  for  bed-rock  be- 
neath the  original  cut-off  construction. 

These  facts  cannot  emphasize  too  strongly  the  great  importance 
of  extensive  sub-surface  investigation  preliminary  to  construction  such 
as  this,  and  the  author's  words  in  regard  to  foundation  conditions  as 
uncovered  in  the  subsequent  explorations,  that  they  "required  the  most 
serious  consideration  and  care",  are  conclusive. 
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Carl  Gayler,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  writer  gladly  Mr. 
acknowledges  the  great  merits  of  the  work  of  the  Committee,  and  has  ^^  *'''■ 
no  doubt  that  the  report  will  be  for  a  long  time  an  aid  to  the  concrete 
engineer  as  a  book  of  reference,  guiding  him  in  his  work  and  correct- 
ing or  sustaining  him  in  his  judgment.  Aside  from  a  few  objections 
which  can  be  raised,  it  will  probably  be  accepted  as  a  standard  by  the 
Profession.  Still,  in  the  writer's  opinion,  there  are  such  objections, 
and  he  begs  to  state  them. 

It  is  to  be  regretted  that  so  little  prominence  is  given  to  the  im- 
portant problem  of  eliminating  the  dangers  from  laitance.  Every 
engineer,  active  in  reinforced  concrete  work,  has  been  aware  of  this 
danger  for  years,  many  engineers  (among  them  the  writer)  have  come 
to  its  realization  only  after  bitter  experience,  but  few  have  had  a  clear 
conception  of  the  magnitude  of  the  problem  before  reading  the  classic 
paper  "Water  the  Chief  Factor  in  the  Making  of  Good  Concrete",  by 
Nathan  C.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E. 

Now,  in  the  Report,  Chapter  II,  Section  2,  laitance  is  not  men- 
tioned as  one  of  the  causes  through  which  reinforced  concrete  struc- 
tures fail,  nor  is  there — and  this  is  more  important — any  cautioning 
of  the  inspectors  on  this  point  in  Section  3  of  the  same  chapter.  The 
''Destructive   Agencies''   mentioned   are:      "Corrosion   of  Metal   Rein- 

•  Continued  from  March,  1917,  Proceedings. 
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Mr.  forcement",  "Electrolysis",  "Sea  Water",  "Acids",  "Oils",  and  "Alka- 
''*'''^'"-  lies",  but  not  one  word  of  "Laitance." 

The  short  references  in  Chapter  IV,  Section  3,  to  the  removal 
of  laitance  can  hardly  be  considered  as  emphasizing  the  subject  suf- 
ficiently, nor  is  mention  made  of  the  chief  agency  of  the  trouble, 
that  is,  excess  of  water. 

The  field  covered  by  reinforced  concrete  work  has  grown  to  such 
astonishing  dimensions  that  an  engineer,  no  matter  what  his  specialty, 
to  be  competent,  must  have  a  general  knowledge  of  the  principles  and 
requirements  of  such  work.  Whether  he  is  engaged  in  hydraulic  works, 
power  stations,  bridge  or  irrigation  work,  it  confronts  him  in  the  shape 
of  foundations,  conduits,  resei'voirs,  retaining  walls,  or  viaducts.  Now, 
of  this  immense  field,  many  features  of  which  are  still  in  the  midst  of 
evolution,  and  for  which  the  practising  engineer  expected  enlighten- 
ment from  the  report,  not  so  much  on  detailed  features  as  through 
broad,  general  rules,  very  little  is  to  be  found,  with  the  exception  of 
the  indoor  slab. 

It  will  be  objected  that  the  different  types  of  structures  just  men- 
tioned do  not  come  within  the  scope  of  a  report  on  concrete  and  rein- 
forced concrete  (and,  in  fact,  the  Committee  makes  this  claim  in  the 
introduction  to  the  report),  that  such  a  report  is  complete  after  full 
presentation  of  the  qualities  of  the  materials  and  of  the  principles 
underlying  their  wise  and  economical  use.  Even  granting  the  force  of 
this  objection,  it  is  thought  that  by  allowing  one-tenth  of  the  space 
allotted  to  the  flat  slab,  with  its  dropped  panel,  column  capital,  wall 
girders,  etc.,  to  a  few  other  types  of  structures  of  general  interest,  the 
value  of  the  report  would  have  been  much  increased.  Some  expression 
of  opinion,  for  instance,  on  the  problems  of  skeleton  retaining  walls, 
on  the  advantages  of  the  hinged  arch,  slabs  of  bridge  floors  (very  dif- 
ferent, indeed,  with  their  delicate  problems  of  drainage  and,  shrinkage, 
from  the  indoor  slab),  etc.,  in  the  form  of  concise  resumes  of  the 
experience  of  the  eminent  engineers  to  whom  we  owe  this  report,  would 
have  been  of  great  value  to  the  Profession. 

Reinforced  concrete  structures  are,  essentially,  heavy  structures. 
Their  success  and  appearance  depend  on  unyielding  support  during 
construction.  In  many  important  cases  the  designing  of  falsework  and 
centers  requires  as  careful  study  as  the  planning  of  the  superstructure; 
and  their  maintenance,  until  the  full  completion  of  the  work,  as  much 
attention  as  the  depositing  of  the  concrete.  A  reference  in  the  report 
to  this  subject,  perhaps  with  the  addition  of  permissible  stresses  in 
the  materials  used,  might  have  been  expected.  The  case  is  entirely 
different  from  the  additional  types  referred  to  previously.  Falsework 
and  centers  may  be  said  to  form,  during  construction,  an  integral  part 
of  the  superstructure,  and  it  seems  that  a  general  report  on  concrete 
and  reinforced  concrete  is  not  complete  if  this  subject  is  omitted. 
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There  is  one  other  point  on  which  the  writer  takes  exception  to  the     Mr. 
report,  that  is,  the  exclusion  of  high-grade  steel.     The  Committee  has  ^^y'^''- 
been   careful   in   the   wording:    it   merely   recommends  the   structural 
grade,  but  the  unit  stresses,  adopted  in  the  report,  practically  eliminate 
the  use  of  high-carbon  steel. 

High-carbon  steel  is  in  general  use  for  reinforced  concrete  work. 
It  is  specified,  on  even  terms,  with  structural  steel,  in  the  standard 
specifications  of  the  American  Society  for  Testing  Materials,  of  the 
American  Railway  Engineering  Association,  in  the  building  codes  of 
our  larger  cities,  and  in  the  specifications  for  highway  bridge  work ;  and 
railroad  and  municipal  engineers,  as  well  as  engineers  in  private  prac- 
tice, use  it. 

As  no  explanation  is  given  in  the  report,  of  the  Committee's  pref- 
erence for  the  milder  grade,  it  may  be  assumed  that  the  question  of 
greater  brittleness  of  the  harder  steel  has  been  the  deciding  one.  On 
this  point  it  is  found  that  Taylor  and  Thompson,  in  their  treatise  on 
"Concrete,  Plain  and  Reinforced",  in  a  lengthy  and  clear  discussion 
(p.  414)  on  the  advisability  of  using  hard  steel,  in  which  due  stress 
is  laid  on  the  difference  in  the  use  of  steel  for  bridge  work  and  for 
reinforced  concrete  work,  and  in  which  careful  inspection  at  the  mills 
is  insisted  on  as  an  efficient  means  of  obviating  dangers  from  brittle- 
ness, end  the  paragraph  with  the  following  (as  it  seems  to  the  writer) 
unanswerable  argument : 

'•'Steel  which  can  be  employed  with  safety  for  all  locomotive  and 
car  wheels  of  the  country  certainly  cannot  be  discarded  as  unsafe  for 
concrete,  provided  similar  precautions  are  taken  in  its  purchase." 

From  his  own  experience,  the  writer  considers  high-carbon  steel  for 
reinforced  concrete  work  a  thoroughly  safe  material.  With  proper  care 
and  judgment  used,  where  any  bending  is  to  be  done,  no  undue  risks 
are  run. 

Assuming  now  the  safe  use  of  hard  steel  to  be  granted  (its  general 
use  cannot  be  denied),  we  reach  the  important  question  whether  steel 
with  a  higher  percentage  of  carbon  should  be  proportioned  for  the 
same  low  unit  stress  as  milder  steel  (always  assuming  that  the  condi- 
tions imposed  by  the  bond  stress  are  fulfilled).  As  far  as  general 
practice  goes,  the  answer  has  been,  almost  universally,  in  the  negative. 

The  difference  in  the  unit  stresses  allowed  for  high  steel  over  struc- 
tural steel  may  be  stated,  approximately,  to  be  as  follows :  In  railroad 
work  from  2  000  to  3  000  lb. ;  highway  bridge  work  from  2  000  to  4  000 
lb.;  and  city  building  laws  from  4  000  to  6  000  lb.  (the  building  laws  of 
the  City  of  St.  Louis,  for  instance,  specify  14  000  lb.  for  medium  steel 
and  20  000  lb.  for  high  elastic  limit  steel). 

Considering  that,  in  the  report,  not  less  than  fifteen  different  unit 
stresses  are  specified  for  stone  or  gravel  concretes,  according  to  the 
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Mr.  nature  of  the  aggregates  and  the  ratio  of  the  mixtures,  it  seems  strange 
to  find  the  single  line  "the  tensile  or  compressive  stress  in  steel  should 
not  exceed  16  000  lb.  per  sq.  in.",  covering  the  whole  subject  of  propor- 
tioning steel,  whether  the  elastic  limit  is  30  000,  40  000.  or  50  000  lb., 
or  the  ultimate  strength  50  000,  70  000,  or  80  000  lb.  per  sq.  in. 

Taking  into  consideration  that  this  question  of  permissible  unit 
stresses  in  the  steel  aifects  the  universal  practice  in  concrete  work  all 
over  the  country,  and  for  every  class  of  such  work,  there  must  have 
been  strong  reasons  for  the  action  of  the  Committee  and  engineers 
hope  to  find  them  stated  in  the  concluding  answer  to  the  different  dis- 
cussions on  the  report. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This   Society   is   not   responsible   for   any   statement   made   or  opinion   expressed 
in  its  publications. 


DISCUSSION  ON 

REPORT  OF  THE  SPECIAL  COMMITTEE 

TO  FORMULATE  PRINCIPLES  AND  METHODS 

FOR   THE   VALUATION   OF   RAILROAD   PROPERTY 

AND  OTHER  PUBLIC  UTILITIES* 


By  Joseph  Mayer,  M.  Am.  Soc.  C.  E. 


Joseph  Mayer,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — For  a  thorougli     Mr. 


investigation  of  valuation  and  the  therefrom  inseparable  regulation 
of  public  utilities,  the  nature  of  the  economic  problem  which  must  be 
solved  and  the  kind  of  solution  desired  must  first  be  defined  clearly. 

In  competitive  private  industry  the  ovpiier,  generally,  is  practically 
at  liberty  to  choose  the  prices  for  which  he  is  willing  to  sell  his  prod- 
ucts, provided  free  competition  is  not  in  any  way  interfered  with. 

The  public  relies  on  competition  to  increase  automatically  the 
supply  and  thereby  reduce  the  prices  whenever  they  are  such  as  to  pro- 
duce for  a  long  time  much  larger  average  profits  in  any  industry  than 
are  secured  in  other  industries  offering  otherwise  equal  advantages. 

Experience  shows  that,  in  many  industries  producing  the  neces- 
saries of  life,  competition  is  extremely  limited  or  impracticable,  and 
that  excessive  prices,  producing  unusually  large  average  profits  on 
investment,  thereby  arise.  Such  industries  are  pre-eminently  street 
railways,  the  distribution  of  gas,  electricity,  and  water,  telephone  and 
telegraph  service,  the  carrying  off  of  sewage,  local,  and  to  a  less  extent 
long-distance,  railways,  and  express  service. 

Capital  is  obtainable  for  these  industries  if  the  prices  of  their 
jiroducts  or  services  are  regulated  so  that  average  profits  are  the  same 
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Mr.     as  in  competitive  industries.     The  practical  problem  is  to  find  such  a 

'     ■  regulation  of  monopoly  prices  as  will  equalize  average  monopoly  and 

competitive  profits  without  interfering  with  efficiency  of  management. 

One  method  of  price  regulation  is  to  introduce  public  ownership 
and  operation,  as  is  done  universally  with  sewers,  largely  with  water 
supply,  and,  to  some  extent,  with  others  of  the  industries  mentioned. 

Public  operation  of  monopolies,  due  to  gross  inefficiency  of  man- 
agement has  often  proved  a  failure.  Private  operation,  with  public 
control  to  secure  fair  prices  without  destroying  efficiency,  therefore, 
is  attempted. 

To  secure  efficiency  with  private  operation,  the  net  revenue  of 
each  enterprise  must  depend  on  its  efficiency  of  management.  This 
cannot  be  attained  by  regulating  the  prices  so  that  the  individual 
enterprises  secure  a  uniform  rate  of  return  on  the  investment.  For 
fairness,  the  prices  must  be  regulated  so  that  the  average  rate  of  net 
return  on  the  investment  in  every  regulated  industry,  not  that  in 
individual  enterprises,  is  the  same  as  this  average  net  return  in  such 
competitive  industries  at  the  same  time  and  place  as  offer  otherwise 
the  same  advantages. 

The  Committee  advocates  a  standard  rate  of  return  on  the  invest- 
ment in  every  individual  normal  enterprise,  practically  ignoring  dif- 
ferences of  efficiency.  It  defines  a  normal  property  or  enterprise  as 
one  which  is  neither  overbuilt,  inadequate,  nor  improperly  located. 
The  Committee,  though  advocating  and  assuming  in  its  ascertainment 
of  the  tangible  value  a  regulation  ignoring  the  existence  of  differences 
of  efficiency  and  the  consequent  fairness  of  unequal  rates  of  return, 
endeavors,  in  a  hesitating  manner,  to  correct  the  therefrom  resulting 
errors  in  the  chapter  on  "Intangible  Values." 

The  aims  pursued  by  the  Committee  and  the  writer  become  thereby 
much  less  divergent.  The  writer,  however,  claims  that  these  aims  can- 
not be  attained  by  the  circuitous  method  adopted  by  the  Committee. 
The  Committee  tries  to  follow  closely  the  decisions  of  the  Courts  in 
determining  values.  The  writer  believes  that,  as  value  is  an  economic 
phenomenon,  it  must  be  determined  by  studying  economic  laws,  and 
not  legal  decisions  merely.  Economists,  not  Courts,  are  competent 
valuators.  The  Courts  acknowledge  this  by  only  stating  correctly 
what  factors  influence  value  and  must,  therefore,  be  considered,  but 
refraining  from  prescribing  how  value  is  to  be  determined  from  these 
factors. 

The  Courts  insist  on  fairness,  and  keeping  promises  is  the  most 
important  guidance  in  determining  what  is  fair.  The  writer,  there- 
fore, believes  that  the  first  task  in  valuation  is  to  ascertain  what 
promises  have  been  given.  This  is  a  political  and  partly  a  legal  ques- 
tion, wherein  the  laws  and  the  decisions  of  the  Courts  are  final.     The 
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second  task  is  to  find  what  values  result  from  keeping  promises,  and     Mr. 
this  is  a  purely  economic  question.     Court  decisions  which  contradict  '  ^^^^ 
economic  laws  cannot  stand,  and  will  be  reversed  as  soon  as  this  is 
clearly  demonstrated. 

The  decisions  quoted  in  part  by  the  Committee  on  page  1770* 
indicate  that  the  Courts  sustain  the  determination  of  value  in  the 
ordinary  economic  manner,  that  is,  from  estimated  future  net  revenue 
and  market  quotations,  and  do  not  sustain  the  theory  that  a  public 
service  property  is  entitled  to  a  standard  return  on  either  actual  cost 
or  cost  of  reprodvietion  less  depreciation,  which  underlies  the  assump- 
tion that  costs  are  values. 

In  competitive  industry  it  is  held  to  be  fair  that  the  investor 
obtains  a  greatly  varying  rate  of  return  on  his  investment,  the  amount 
of  which  depends  mainly  on  the  industrial  capacity  of  the  promoters 
and  managers  of  the  enterprise,  but  partly  on  changes  in  the  indus- 
trial world  occurring  independently  of  the  management.  Competition 
is  relied  on  to  assure  the  fairness  of  prices.  The  independence  of  pri- 
vate ownership  is  only  practicable  when  the  owner  secures  the  profit 
and  loss  resulting  from  judicious  or  injudicious  choice  of  enterprise, 
from  good  or  bad  design,  or  from  other  differences  in  efiiciency  of 
management.  The  Committee  proposes  in  its  main  argument  that  the 
fairness  of  regulation  be  judged  by  the  return  secured  by  individual 
investors.  The  writer  maintains  that,  with  private  property,  this  is 
not  practicable.  The  return  of  the  individual  enterprise  must  vary 
greatly  with  efficiency,  and  the  efficiency  can  only  be  practically 
judged  from  the  rate  of  return  secured  under  conditions  prescribed  in 
some  other  way  than  by  trying  to  secure  a  uniform  rate  of  return  in 
individual  enterprises. 

The  Committee  not  only  advocates  such  a  regulation,  for  natural 
practically  complete  monopolies,  as  will  give  a  uniform  rate  of  return 
in  individual  enterprises,  but  assumes  in  much  of  its  reasoning  that 
such,  if  any,  regulation  has  actually  existed  in  the  past  and  ought  to 
have  existed  where  all  regulation  was  absent.  As  a  matter  of  fact,  no 
such  regulation  ever  did  exist,  and  never  ought  to  exist.  Many  of 
the  Committee's  inferences  in  regard  to  values,  depreciation,  and  the 
proper  future  rates  based  on  such  assumptions,  therefore,  are  in  error. 
The  activity  of  regulating  commissions  is  generally  limited  to  reduc- 
ing grossly  excessive  prices  where  consumers  complain.  They  then 
endeavor  to  fix  such  prices  as  will,  in  their  opinion,  with  average  effi- 
ciency of  management,  produce  about  the  same  rate  of  profit  as  in 
local  competitive  industries  at  the  same  time.  The  price  adopted  is 
mostly  and  necessarily,  since  the  required  facts  are  missing,  an  ap- 
proximate guess,  unsupported  by  adequate  evidence.     Actual  values  of 

*  Proceedings,  Am.  Soc.  C.  E.,  December,  1916. 
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Mr.  enterprises  thus  regulated,  therefore,  are  widely  different  from  those 
'  which  would  have  resulted  from  the  imaginary  regulation  advocated 
by  the  Committee,  and  which  it  endeavors  to  determine. 

Where  comiietition  remains  an  important  element,  no  attempt  is 
ever  made  to  secure  a  uniform  return  on  the  investment  in  individual 
enterprises,  for  the  very  good  reason  that  it  would  not  be  practicable. 
The  fundamental  principle  which  governs  commerce  and  should 
govern  regulation  and  valuation  is :  "Be  careful  what  yow  promise 
and  keep  your  promises." 

In  granting  franchises,  in  the  past,  the  public,  generally,  has  not 
been  careful  in  its  promises,  and  has  often  made  it  very  difficult  or 
impossible,  without  gross  injustice,  to  keep  the  promises  it  made. 
The  economic  developments  of  the  present  were  not  foreseen  in  the 
past,  and  the  promises  made  were  so  extremely  indefinite  that  it  is 
generally  impossible  to  determine  accurately  what  was  promised  and 
to  keep  accurately  the  promises.  In  commerce,  it  is  sometimes  found 
just,  under  exceptional  unforeseen  circumstances,  by  a  moratorium  to 
relieve  merchants  of  given  promises  to  pay  their  debts  when  due. 

The  case  of  unreasonable  public  franchises  is  in  some  respects 
similar,  and  there  are  cases  when  justice  requires  expropriation  on 
fair  terms.  Regulation  was  introduced  that  was  not  provided  for  in 
many  of  the  franchises,  and  was  frequently  modified  in  such  an  un- 
expected manner  as  to  affect  seriously  the  net  earnings  and  thereby 
the  values  of  enterprises.  Though  the  principle  of  keeping  promises 
is  thus  frequently  disregarded,  it  nevertheless  remains  a  valid  prin- 
ciple whenever  it  is  possible  to  follow  it  without  serious  injustice. 
Another  necessary  prineixile  governing  valuations  follows  from  the 
nature  of  value. 

From  the  definition  of  value,  cited  by  the  Committee  in  the  Glos- 
sary, it  follows  that  the  value  of  a  public  utility,  the  securities  of  which 
are  largely  dealt  in  on  the  exchanges,  can  be  most  closely  obtained  from 
a  study  of  the  quotations  in  the  stock  exchanges,  and  the  amount  of 
securities  outstanding.  The  security  quotations  represent  an  estimate 
by  the  market  of  the  present  value  of  the  future  income  expected  to 
be  paid  to  the  owner  of  the  securities. 

This  future  income  and  the  current  quotations  measure  the  value 
of  securities,  and  they  are  what  the  owner  values  and  what  the  Courts 
endeavor  to  protect.  The  future  income  depends  largely  on  the  future 
regulation.  This  latter  is  not  exactly  knovni,  but  its  nature  is  inferred 
from  the  present  legally  established  regulation  and  the  knowledge  that 
the  Courts,  generally,  will  jiot  sustain  such  changes  of  the  existing 
regulation  as  will  destroy  present  values,  as  well  as  from  the  necessity 
of  regulating  prices  so  that  it  will  be  possible  to  secure  the  needed 
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capital  for  building  new  properties,  for  extending  old  ones,  and  for     Mr. 
rendering  satisfactory  service. 

To  ascertain  the  present  values  of  future  revenue,  the  rates  of 
interest  to  be  adopted  must  be  known.  Such  rates  must  be  chosen  as 
will  make,  for  enterprises  the  securities  of  which  are  largely  dealt  in 
on  the  exchanges,  the  value  inferred  from  future  net  revenue  the  same 
as  that  inferred  from  the  security  quotations.  The  Committee  pro- 
poses to  find  the  values  of  public  utilities  by  determining  first  the 
tangible  and  then  also  the  intangible  value,  giving  the  latter  due 
weight. 

By  strict  logic,  the  total  value  is  equal  to  the  tangible  plus  the 
intangible  value,  and  as  the  intangible  value  is  equal  to  the  exchange 
or  market  value,  derived  from  estimated  future  net  revenue  and  quo- 
tations, less  the  tangible  value,  their  sum,  or  the  total  value,  is  equal 
to  the  exchange  value. 

The  determination  of  the  tangible  value,  therefore,  is  at  best  only 
indirectly  useful  for  the  purpose  of  valuations.  The  Committee  pre- 
fers, however,  not  to  be  logical.  It  infers,  from  the  fact  that  the  Courts 
give  round  sums  for  the  intangible  value,  that  the  entirely  indefinite 
phrase  giving  due  weight  to  the  intangible  value  must  be  substituted 
for  the  exact  request  to  add  the  intangible  to  the  tangible  value.  There 
is  abundant  reason  for  using  round  figures  for  the  result  of  any  valua- 
tion, however  determined.  It  is  improper  to  use  exact  figures  when 
the  degree  of  accuracy  obtainable  by  any  kind  of  valuation  does  not 
justify  anything  else  but  round  ones.  Another  reason  given  is  that 
the  Courts  do  not  assert  that  the  value  must  be  found  by  considering 
income  and  quotations  alone.  It  might  also  be  stated  that  the  Courts 
expressly  assert  that  costs  are  one  element  to  be  considered.  The 
Courts,  however,  do  not  state  how  the  value  is  to  be  determined  from 
the  various  elements  which  must  be  considered.  The  cost  and  the 
average  life  of  every  perishable  part  of  an  industrial  enterprise  must 
be  known  in  order  to  determine  its  annual  decretion  which  is  a  part 
of  the  operating  expense.  The  net  earnings,  therefore,  cannot  be 
determined  without  knowing  the  costs  of  the  perishable  parts  of  the 
plant.  For  determining  what  prices  must  be  allowed  to  secure  capital 
for  enterprises  capable  of  rendering  the  same  service,  and  thereby  to 
choose  a  fair  regulation,  the  costs  of  a  substitute  enterprise  are  of 
importance.  In  a  valuation  based  on  net  revenue,  costs,  therefore,  are 
considered  in  two  ways :  First,  in  choosing  the  regulation  to  be 
assumed;  and  second,  in  determining  the  net  earnings  resulting 
therefrom. 

The  Committee  endeavors  to  show  that  the  kind  of  regulation  it 
advocates  does  not  necessarily  destroy  eflB.ciency.  For  this  purpose  it 
again  departs  from  logic.     It  desires  a  regulation  which  makes  tan- 
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Mr.  gible  value  equal  to  exchange  value.  This  can  only  be  attained  by 
^^^^'  making  the  return  on  the  investment  proportional  to  its  amount.  It 
then  recommends  a  departure  from  this  uniformity  by  advocating  the 
London  and  Massachusetts  sliding  scale  of  dividends. 

The  instance  cited  is  the  allowed  7%  dividend  for  90-cent  gas  with 
i%  increase  of  dividend  for  every  cent  of  reduction  in  the  price  of 
gas.  The  gas  company,  under  this  rule,  now  obtains  9%  dividends 
with  80-cent  gas.  In  competitive  industry,  when  a  producer  reduces 
costs  of  production  he  obtains  himself  the  profit  from  the  reduction 
of  cost  until  the  improvement  is  adopted  by  enough  of  the  competitors 
to  increase  the  supply  materially;  then  prices  and  the  profits  of  all 
producers  are  reduced,  and  the  backward  ones  are  compelled  to  im- 
prove, or  receive  abnormally  low  profits.  After  a  short  time,  average 
profits  are  the  same  as  before,  and  the  public  gets  the  benefit  of  the 
improvement.  During  the  transition  period,  those  in  advance  gained, 
those  in  the  rear  lost. 

With  the  sliding  scale,  when  an  improvement  reducing  costs  is 
made  by  any  one  and  widely  adopted,  all,  whether  fast  or  slow,  obtain 
a  permanent  increase  of  dividends. 

The  inducement  to  make  the  first  trial  of  improvements  is  greatly 
reduced;  that  to  wait  until  they  are  well  tried  out  is  increased. 

Improvements  are  discouraged,  and  permanent  excessive  dividends 
result  from  those  adopted.  The  sliding  scale  is  unfair  to  the  public; 
therefore,  it  does  not  spread.  The  two  requirements,  fair  prices  and 
high  efficiency,  are  not,  and  cannot  be,  secured  by  the  methods  of  reg- 
ulation advocated  by  the  Committee.  They  can  be  secured  by  improved 
franchises  for  all  natural  monopolies. 

The  franchises  should  all  be  definite  competitive  operating  con- 
tracts for  limited  periods  of  time. 

Such  a  contract  should  be  based  on  unit  prices  for  the  work  per- 
formed, which  work  should  be  as  accurately  described  and  enforced 
as  that  described  in  a  contract  for  building  a  large  engineering  struc- 
ture. The  contract  must  contain  such  clauses,  referring  to  decretion 
and  the  compensation  for  the  plant  of  the  contractor,  if  any,  at  the 
end  of  the  operating  period,  as  will  assure  adequate  maintenance  and 
exact  determination  of  the  payments  for  such  plant.  If  old,  the  prop- 
erty forming  the  subject  of  the  operating  contract  must  first  be 
obtained  by  the  public  by  a  valuation  based  on  the  present  value  of 
the  future  net  revenue  with  the  present  regulation,  unless  good  reasons 
exist  for  believing  that  the  present  regulation  is  unfair.  In  this  latter 
case,  such  a  regulation,  in  harmony  with  promises  made,  should  be 
assumed  as  will  make  it  possible  to  secure  capital  for  new  properties 
capable  of  rendering  equal  service  and  for  extending  and  satisfactorily 
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operating  old  ones.     If  there  is  a  good  market  for  the  securities,  the     Mr. 
v^alue  should  also  be  determined  from  a  study  of  the  quotations.  ^^^^' 

For  valuing  the  i^roperty  and.  later,  for  determining  the  annual 
decretion,  an  inventory  must  be  made  giving  an  estimate  of  the 
original  cost,  age,  and  average  life  and  scrap  value  of  every  perishable 
part  of  the  plant;  or,  where  these  are  unobtainable,  an  estimate  of 
the  present  value,  the  remaining  life,  and  the  scrap  value. 

For  determining  every  year  the  decretion  of  the  plant,  which  is  a 
part  of  the  operating  expenses,  the  decretion  must  be  defined  so  that 
it  can  be  accurately  determined  and  so  that  it  agrees  as  closely  as 
possible  with  the  facts. 

The  following  rules  will  serve  for  this  purpose: 

The  nominal  annual  decretion  of  any  part  is  the  difference  between 
its  cost  and  its  estimated  scrap  value  divided  by  its  estimated  average 
life.  The  actual  life  and  scrap  value  are  different  from  the  estimated 
average  life  and  the  estimated  scrap  value.  To  correct  the  errors 
resulting  therefrom,  the  following  rules  become  necessary  for  calcu- 
lating the  actual  decretion  every  year. 

For  parts  in  use  and  younger  than  their  estimated  average  life, 
take  the  nominal  annual  decretion;  for  parts  in  use  and  older  than 
their  estimated  average  life,  take  no  decretion;  for  parts  discarded 
during  the  year,  take  the  cost  less  the  decretion  previously  allowed 
for,  and  consider  the  actual  scrap  value  as  part  of  the  earnings. 

These  rules  take  an  estimated  decretion  for  parts  in  use  for  which 
the  actual  one  is  unknown,  and  correct  the  therefrom  resulting  error 
as  soon  as  the  actual  decretion  becomes  known  by  the  discard  and  sale 
of  parts.  They,  therefore,  give  as  close  an  approximation  as  prac- 
ticable of  the  actual  decretion. 

By  means  of  the  inventory  and  the  rules  for  decretion  received  by 
the  bidders,  the  decreted  cost  of  the  plant  caii  be  ascertained  at  the 
end  of  every  year.  If  the  decretion  thus  determined  is  considered  a 
part  of  the  operating  expense  and  placed  in  a  decretion  fund  to  be 
used  for  replacements,  improvements,  and  extensions,  without  thereby 
increasing  the  cost  accounts,  the  plant  will  be  efficiently  maintained. 

New  capital  is  required  for  most  plants,  and  any  operating  con- 
tract must  contain  clauses  prescribing  who  is  to  furnish  such  capital 
for  extensions  and  increase  of  capacity,  and  the  compensation  it  is  to 
receive.  The  public  is  interested  in  all  parts  of  the  plant  which  may 
survive  the  contract,  and  a  board  of  engineers  representing  the  public 
must  have  a  controlling  voice  in  selecting  and  supervising  the  acquisi- 
tion of  new  plant.  An  operating  contract  must  describe  the  kind  of 
service  wanted  as  well  as  the  maximum  prices  to  be  charged,  based, 
in  an  old  plant,  on  the  previous  ones,  with  such  changes  as  appear 
advisable  at  the  time  of  framing  the  contract.     The  operating  com- 
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Mr.     pany  should  be  permitted  to  reduce,  but  not  to  increase,  the  prices. 

M 8, V G r    ,. - 

■.  The  contract  should  be  framed  by  representatives  of  the  public.  Invi- 
tations to  bid  should  be  sent  out  giving  all  the  available  information 
required  by  bidders  to  assist  them  in  calculating  the  net  earnings 
during  the  period  of  operation,  which  might  be  about  20  to  30  years. 
The  company  should  be  required  to  surrender  the  plant  at  the  expira- 
tion of  the  contract  at  cost  of  the  parts,  if  any,  furnished  by  the  con- 
tractor, with  the  approval  of  the  representatives  of  the  public,  during 
the  period  of  the  operating  contract,  the  decretion  fund  going  with 
the  plant. 

The  bidders  should  be  asked  to  give  the  annual  rental  which  they 
are  willing  to  pay.  The  contractor  must  furnish  a  guaranty  for  at 
least  one  year's  rent,  which  should  be  payable  monthly  out  of  the  net 
earnings,  if  possible.  If  the  guaranty  fimd  is  encroached  on,  the  con- 
tractor should  be  required  to  replenish  it.  A  quick  foreclosure,  in 
case  of  non-fulfillment  of  conditions,  should  be  part  of  the  contract. 
By  such  provisions,  large  contracts  can  be  awarded  safely  to  bidders 
backed  by  a  moderate  capital.  This  will  make  real  competition  pos- 
sible for  every  large  enterprise. 

This,  though  quite  incomplete,  will  give  a  general  idea  of  the  kind 
of  definite  competitive  contract  that  should  replace  the  present  indef- 
inite franchises,  in  which  protection  of  the  interests  of  the  public  is 
obtained  by  commissions  having,  among  many  other  indefinite  powers, 
that  of  prescribing  and  changing  without  compensation,  after  award  of 
the  franchise,  the  prices  of  the  products  and  services  furnished  by  the 
operating  or  owning  company.  Changes  are  necessary  in  any  long- 
term  contract.  Therefore,  there  must  be  provision  for  making  them 
without  changing  the  value  of  the  contract. 

The  two  contracting  parties  should  be  on  an  equal  footing,  and 
their  respective  rights  and  duties  should  be  defined  exactly. 

With  such  a  contract,  fair  prices  would  be  assured  by  competitive 
bids  for  contracts  of  such  size  as  will  assure  active  competition. 

Efficiency  is  secured  because  the  profit  or  loss  of  the  contractor 
depends  entirely  on  his  efficiency.  The  drawing  up  and  enforcing  of 
such  a  contract  does  not  require  the  superhuman  knowledge  and 
ability  that  would  be  necessary  for  assuring  efficiency  and  fair  prices 
by  the  present  methods  of  regulation.  Only  one  valuation  is  required 
for  each  old  enterprise,  that  for  acquiring  ownership  of  the  property. 
All  succeeding  transfers  would  take  place  for  sums  based  on  costs  and 
decretions,  defined  in  advance  so  that  they  can  be  determined 
accurately. 

Reviewing  the  foregoing  discussion:  the  problem  to  be  solved  is  to 
replace  adequately  the  self-regulating  competition  which  has  disap- 
peared either  partly  or  altogether  in  some  fields  of  productive  industry. 
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Where  free  competition  prevails,  fair  prices  and  efficiency  are  secured  Mr. 
automatically  by  increased  supply  and  falling  prices,  in  industries  ^^^^' 
where  average  profits  are  excessive,  and  reduced  supply  and  rising 
prices  where  they  are  abnormally  low.  The  fairness  attained  is  not 
equal  profits  for  good  and  bad  management  but,  in  the  long  run. 
approximately  uniform  average  profits  for  the  same  degree  of  indus- 
trial capacity  in  different  industries.  Efficiency  is  secured  by  profits 
depending  mainly  on  it.  The  return  on  the  investment  in  the  indi- 
vidual enterprises  of  every  industry  varies  widely  with  the  economic 
skill  shovsTi  in  their  promotion  and  management,  and  partly  with 
unforseeable  economic  changes  outside  and  independent  of  the  manage- 
ment. The  board  of  directors,  consisting  of,  or  representing,  the 
largest  stockholders,  has  generally  no  other  common  primary  aim 
than  the,  in  the  long  run,  largest  possible  return  on  the  investment. 
The  value  of  the  business  may  be  a  small  fraction  of  the  investment 
or  may  exceed  more  than  ten  times  its  amount.  An  industrial  enter- 
prise is  a  tool  for  the  production  of  a  future  net  revenue;  its  value  is 
the  present  value  of  its  future  net  revenue;  this,  on  an  average, 
depends  mainly  on  the  cost  of  production  of  the  business,  but,  in  indi- 
vidual cases,  mainly  on  the  industrial  capacity  of  the  management. 
This  deviation  of  the  value  of  such  an  enterprise  from  its  cost  of  pro- 
duction is  what  produces  efficiency  of  promotion  and  management 
without  public  control,  and  makes  private  property  of  such  enterprises 
practicable. 

The  directors  will  endeavor  to  secure,  and  will  retain,  the  most 
efficient  managers.  Were  uniform  profits  guaranteed,  as  is  proposed 
for  the  ideal  regulation  of  the  Committee  of  completely  monopolized 
industries,  a  crowd  of  incompetent  promoters  would  encumber  the 
field  of  new  enterprises,  and  the  directors  would  probably  choose  their 
sons,  nephews,  and  friends  for  the  leading  positions,  and  would  follow 
the  same  method  in  selecting  the  minor  officers. 

Since,  with  uniform  profits,  the  public  pays  for  good  or  bad  man- 
agement and  carries  the  risks,  it  will  gradually  insist  on  full  control 
of  promotion  and  management,  independent  private  property  will  dis- 
appear, and  public  operation  and  ownership  will  result  almost  auto- 
matically. Uniform  profits  for  individual  enterprises  are  incompatible 
with  private  operation,  because,  inevitably,  they  destroy  efficiency  of 
management.  The  only  possible  alternatives,  therefore,  are  public 
operation,  and  private  operation  with  profits  in  individual  enterprises 
mainly  depending  on  efficiency  and  with  average  profits  in  every 
monopolized  industry,  the  same  as  the  average  profits  of  competitive 
industries  at  the  same  time  and  place. 

The  frequent  inefficiency  of  public  operation  in  democratic  com- 
munities arises  from  the  method  of  choosing  the  public  equivalent  of 
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Mr.  the  board  of  directors,  and  the  general  manager  and  his  assistants, 
ayer.  j^iej  are  either  elected  directly  or  are  appointed  by  representatives 
elected  for  other  qualities  than  their  knowledge  of  the  industrial  enter- 
prises under  public  management.  The  voters  and  their  representatives 
generally  know  little  about  these  industries. 

The  management  is  controlled  frequently  by  the  most  powerful 
politicians  of  the  day,  and  will  remain  in  power  through  its  control 
of  votes.  It  is  often  dependent  on  the  politicians  in  its  appointments 
and  discharges  of  employees  and  the  choice  of  their  salaries  and 
wages,  in  the  prices  charged  for  services  rendered  to  the  public,  and 
sometimes,  also,  in  its  purchases  of  materials  and  supplies  as  well  as 
in  the  choice  of  improvements  and  extensions. 

In  attaining  and  keeping  in  power,  the  efficiency  of  management 
is  a  very  small  factor,  and,  therefore,  is  largely  neglected. 

A  private  board  of  directors  in  a  company  with  a  fixed  rate  of 
dividends  would  be  worse,  but  a  private  board  with  a  rate  of  dividends 
depending  mostly  on  efficiency  is  far  superior. 

There  is,  therefore,  no  reasonable  doubt  that,  as  long  as  the  evils 
described  prevail,  private  operation  will  secure  a  cheaper  and  better 
public  service  when  the  net  earnings  of  the  private  company  depend 
mainly  on  efficiency  of  promotion  and  management.  One  way  of 
securing  the  fairness  defined  as  equal  average  profits  in  each  monopo- 
lized and  in  competitive  industries,  combined  with  the  efficiency  of 
management  resulting  from  profits  in  individual  enterprises  depending 
mainly  on  efficiency,  consists  in  replacing  the  kind  of  competition 
which  has  disappeared,  because  it  is  impracticable,  by  another  kind 
which  is  practicable.  This  consists  in  acquiring  public  ownership  of 
all  partial  and  complete  monopolies,  and  selling  definite  operating  con- 
tracts for  limited  periods  to  the  highest  bidder.  Two  necessary  fea- 
tures of  such  contracts,  which  have  been  given  insufficient  attention 
in  past  franchises,  are  an  exact  definition  of  the  annual  decretion  and 
of  the  price  to  be  paid  to  the  contractor  or  owner,  either  when  he  fails 
to  comply  with  the  terms  of  the  contract  or  at  the  end  of  the  operating 
period. 

Another  feature  of  such  contracts,  not  mentioned  in  the  foregoing, 
is  the  possibility  of  prescribing  exactly  in  the  contract,  without  injus- 
tice to  the  contractor,  the  minimum  wages  and  other  working  condi- 
tions approved  by  public  opinion,  and  the  manner  in  which  they  are 
to  be  changed  without  changing  the  value  of  the  contract. 

Near-by  economic  changes,  occurring  independently  of  the  con- 
tractor and  influencing  the  net  earnings,  can  be  foreseen  largely  by  the 
bidders  and  allowed  for  in  the  bids.  Distant  changes,  which  cannot 
be  foreseen,  will  influence  future  bids  in  the  same  manner.  Approxi- 
mate proportion  of  efficiency  and  net  earnings  will  be  secured  thereby. 
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In  such  contracts  changes  in  the  value  of  the  lands  occupied  by  the  Mr. 
enterprises  accrue  mostly  to  the  public  to  whom  they  belong.  They  *^^'' 
are  caused  lai'gely  by  events  beyond  the  control  of  the  contractor. 
Justice  requires,  therefore,  that  they  should  not  aflfect  his  revenue. 
In  these  respects  public  ownership  with  the  private  operation  herein 
described  is  more  just  than  private  property  in  competitive  enterprises. 
Another  advantage  is  the  much  greater  stability  in  the  value  of  all 
securities  representing  part  of  the  income  of  either  the  property 
operated  or  of  the  operating  contract.  With  publicity  of  accounts  and 
exact  determination  of  the  annual  net  earnings,  the  value  of  the  con- 
tract can  be  judged  much  more  accurately  than  that  of  a  partial  or 
complete  monopoly  regulated  in  the  present  necessarily  arbitrary 
manner. 

Transfer  of  the  property  from  one  operating  company  to  the  next, 
based  on  costs,  when  agreed  on  by  contract,  is  far  superior  and  is  more 
just  than  transfer  based  on  values.  Costs  can  be  ascertained  accurately 
when  followed  from  the  start,  values  never;  costs  make  the  contracts 
definite,  values  indefinite.  This  change  from  the  general  practice  of 
using  values  instead  of  exactly  defined  costs,  in  defining  the  terms  of 
transfer,  is  what  makes  short-term  operating  contracts  practicable. 
The  other  method  of  securing  fair  prices,  together  with  efiiciency 
(which  are  both  essential),  is  to  fix,  by  regulating  commissions,  from 
time  to  time,  the  kind  and  quantity  of  service  to  be  furnished  by  par- 
tial or  complete  monopolies  and  the  prices  which  they  are  permitted 
to  charge. 

The  prices  are  fair  when  they  make  the  average  profits  in  every 
monopolized  industry  the  same  as  in  competitive  ones;  they  secure 
efficiency  when  the  profits  in  every  individual  enterprise  are  in  pro- 
portion to  efficiency  of  management.  To  fix  the  prices  it  is  necessary, 
therefore,  to  ascertain,  first,  the  average  profit  secured  in  competitive 
industries  at  different  times  and  places.  By  profit  of  an  enterprise 
is  meant  the  percentage  of  net  earnings  on  its  value.  The  sum  of  the 
values  of  a  large  number  of  well-selected  competitive  enterprises  and 
the  sum  of  their  net  earnings  must  be  ascertained.  The  latter  mul- 
tiplied by  100  and  divided  by  the  former  gives  the  average  competitive 
profit. 

Though  the  value  of  individual  competitive  enterprises  varies 
greatly  from  their  cost  of  production,  the  sum  of  the  values  of  a  very 
large  number,  representative  of  all  competitive  enterprises,  is  approxi- 
mately equal  to  the  sum  of  their  costs  of  production.  This  results 
from  the  tendency  of  capital  to  flow  to  the  most  profitable  investments, 
which  makes  the  average  return  of  all  kinds  of  otherwise  equally 
attractive  competitive  investments  the  same.  The  value  of  the  sum, 
but  not  the  value  of  each,  can  be  determined,  therefore,  from  cost  of 
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Mr.  ))roduction.  The  average  profit  of  competitive  enterprises  can  be 
'^^*^^'  determined,  therefore,  if  the  necessary  facts  are  ascertained. 

With  any  given  regulation,  the  average  profit  in  any  monopolized 
industry  can  be  determined  in  a  similar  manner  from  the  sum  of  the 
net  earnings  and  that  of  the  costs  of  production  of  the  enterprises. 
The  average  profits  thus  ascertained  should  be  the  same  in  competitive 
and  in  every  monopolized  industry.  This  assures  fairness  of  the  regu- 
lation as  a  whole.  If  the  profits  are  found  to  be  different,  the  regula- 
tion should  be  changed  so  as  to  make  them  alike. 

The  regulation  in  detail  must  prescribe  different  prices  in  different 
places  with  different  costs  of  production.  The  differences  in  cost  of 
production  in  different  places  with  ordinary  methods  of  production, 
therefore,  must  be  ascertained. 

Although  it  is  theoretically  possible  to  regulate  fairly  in  this 
manner  the  prices  of  monopolized  industries  without  destroying  effi- 
ciency, the  practical  difficulties  are  too  great  for  the  exact  application 
of  this  theory.  The  profit  of  competitive  industries  varies  from  time 
to  time  and  from  place  to  place,  and  that  of  the  various  monopolies 
should  vary  in  the  same  way.  The  necessary  facts  are  unknown  and 
cannot  be  determined  accurately,  and  the  necessary  calculations  would 
be  extremely  complicated.  An  enormous  staff  of  regulators  would  be 
required  to  apply  the  theory. 

The  various  regulating  commissions  cannot  use  this  method, 
because  they  have  neither  the  needed  facts  nor  the  staffs  to  gather 
them.  Therefore,  to  simplify  the  method,  a  tendency  toward  uniform 
profits,  where  the  management  is  not  grossly  inefficient,  is  inevitable. 
Regulation  is  generally  only  undertaken  where  there  is  complaint  of 
excessive  prices,  so  that  the  actual  regulation  is  generally  extremely 
sporadic  and  intermittent,  and  it  does  not  follow  consistently  any 
theory,  because  this  is  practically  impossible.  The  decisions  of  the 
regulating  commissions,  therefore,  cannot  be  foreseen,  and  often  appear 
to  be  quite  arbitrary. 

A  very  serious  consequence  of  the,  at  present,  extremely  indefinite 
relations  between  the  natural  monopolies  and  the  public  is  the  uncer- 
tainty regarding  the  prices  which  will  be  permitted  by  the  regulating 
commissions  and  the  consequent  large  fluctuations  in  the  market  values 
of  their  securities.  These  commissions  are  directly  or  indirectly 
selected  by,  and  are  responsible  to,  the  public,  one  of  the  parties  to  the 
implied  contract  between  it  and  the  utility  companies.  The  principal 
protection  of  these  companies  is  the  impossibility  of  securing  capital 
for  new  properties,  extensions  of  old  ones,  and  adequate  service,  unless 
sufficient  return  is  allowed  on  the  existing  investment.  The  uncer- 
tainty of  the  return  and  the  fear  that  it  may  not  be  adequate  prevent 
new  investment,  unless  a  large  return  is  allowed  to  compensate  for  the 
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apparent  risk.  The  regulating  commigfeions  may  fix  such  prices  and  Mr. 
consequent  returns  as  will  attract  capital  and  make  it  thereby  possible 
to  supply  adequate  public  service.  Such  rates  of  return  may  be 
thought  to  be  excessive  by  the  public,  unless  the  inadequate  service 
with  lower  ones  is  felt  to  be  the  greater  evil.  Inadequate  service, 
therefore,  may  lead  to  higher  rates  of  return  than  adequate  service,  a 
condition  which  is  evidently  not  conducive  to  the  best  service.  Long- 
continued,  inadequate  service  by  private  companies  will  create  a 
demand  for  a  radical  change.  Unless  a  way  out,  which  will  be  an 
improvement  over  present  conditions,  is  made  widely  known  and 
adopted,  a  successful  agitation  for  public  ownership  and  operation 
seems  to  be  inevitable.  With  definite  competitive  contracts  any  prac- 
ticable and  desirable  kind  of  service  can  be  obtained  by  the  public  by 
paying  the  necessary  competitive  price.  As  most  of  the  risks  incident 
to  arbitrary  regulation  disappear  with  definite  contracts,  investments 
in  them  are  comparatively  safe,  and  will  attract  capital  at  low  rates  of 
profit.  Most  of  the  capital  required  would  be  secured  by  Government 
bonds  at  very  low  rates  of  interest. 

The  law  ordering  the  valuation  of  interstate  railways  by  a  Federal 
commission  was  the  result  of  a  widespread  belief  that  the  capitalization 
of  these  roads  was  largely  fictitious  and  far  beyond  their  cost  of  pro- 
duction. It  ordered,  therefore,  the  determination  of  the  actual  costs 
of  production  to  date  and  of  reproduction  less  depreciation,  so  that 
they  might  be  compared  with  the  known  capitalization,  in  order  to 
ascertain  the  difference  between  them. 

The  Committee  has  done  an  enormous  amount  of  valuable  work  to 
ascertain  the  principles  for  determining  these  costs  and  the  deprecia- 
tion. It  has  not  determined  values,  however,  or  the  correct  prin- 
ciples of  valuation.  What  it  calls  tangible  value  is  not  a  value,  but 
a  cost  of  reproduction  less  depreciation.  In  the  writer's  opinion,  the 
Committee  has  not  altogether  abandoned  widespread  erroneous  views 
in  regard  to  the  nature  of  value,  though  it  gives,  under  value  and 
market  value,  correct  definitions  of  value,  of  price,  and  of  market 
price. 

The  identification  of  value  and  price  is  harmless,  as  long  as  the 
value  of  money  remains  substantially  constant.  The  corrections  neces- 
sary with  changes  in  the  values  of  money  are  a  separate  problem,  not 
discussed  by  the  Committee. 

The  determination  of  costs  meets  the  demands  of  the  Federal  law 
prescribing  it.  The  unsatisfactory  chapter  on  "Intangible  Values" 
attempts  to  meet  the  demands  of  the  Courts  which  insist  on  the  con- 
sideration of  revenue  and  market  values.  With  a  slight  correction, 
prescribing  the  addition  of  what  the  Committee  calls  tangible  value, 
and   of   intangible   value   to   obtain   the   total   value,   its   valuation   is 
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Mr.  correct.  The  demands  made  by  the  nature  of  economic  phenomena, 
^^^^'  which  prescribe  the  highest  laws  to  which  all  others  must  accommodate 
themselves,  however,  are  but  imperfectly  met  by  the  investigation  of 
the  Committee.  The  value  of  an  industrial  enterprise  of  any  kind 
is  the  present  value  of  its  future  earnings.  Security  quotations,  where 
available,  give  the  fluctuating  opinion  of  the  market  on  the  value  of 
the  securities.  There  are  often  no  reliable  quotations;  the  estimated 
future  earnings  with  a  fair  regulation  furnish  then  the  means  of  de- 
termining values. 

For  determining  what  is  a  fair  regulation,  costs  and  depreciations 
must  be  ascertained.  The  Committee  has  given  the  principles  which 
must  be  followed  in  determining  these,  and  has  thereby  done  part  of 
the  work  necessary  for  a  correct  valuation,  but  it  has  not  given  the 
principles  which  must  be  followed  in  a  real  valuation  based  on  revenue 
and  quotations.  The  task  which  is  now  being  performed  by  the 
Federal  Commission  for  Valuation  is,  in  reality,  a  cost  determination 
and  not  a  valuation,  which  latter  will  not  be  attempted.  The  Com- 
mission thereby  conforms  with  the  spirit  and  real  purpose  of  the 
Federal  law.  Its  work  will  be  very  useful  in  improving  present  methods 
of  regulation  of  public  utilities,  but  will  be  inadequate  for  valuing 
them. 
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Frederic  E.  Harris,!  M.  Am.  Soc.  C.  E.  (by  letter). $ — The  author    Mr. 
has  presented  his  subject  so  clearly  and  fully  that  extended  comment  ^*^'■'^• 
is  unnecessary. 

On  first  reviewing  the  paper  one  is  impressed  particularly  with 
the  large  sum  of  money  involved  for  the  construction  of  only  220  ft. 
of  pier  and  the  excavation  of  areas  adjacent  to  the  pier  sufficient  for 
three  slips.  However,  when  it  is  considered  that  it  was  necessary  to 
limit  the  projection  of  the  pier  outshore,  it  will  be  realized  that  the 
sum  expended  for  the  inshore  construction  was  not  exorbitant.  It 
must  also  be  taken  into  account  that  the  greater  part  of  the  steel 
sheet-piling  was  salvaged  and  was  available,  therefore,  for  use  on 
other  work. 

In  coffer-dam  construction,  as  in  other  constructions  of  this  class, 
the  unknown  element  confronts  the  engineer.  Officers  of  the  Corps 
of  Civil  Engineers  of  the  Navy  have  been  forcibly  impressed  with 
the  hazards  accompanying  construction  of  this  class,  as  there  is  little 
room  for  doubt  that  most  of  the  delays  and  failures  in  naval  dry 
dock  construction  are  traceable  to  weak  or  faulty  coffer-dam  construc- 
tion.    When  both  the  design  and  construction  of  a  coffer-dam  are 

*  This  discussion  (of  the  paper  by  Charles  W.  Staniford,  M.  Am.  Soc.  C.  E.,  pub- 
ILshed  in  February,  1917,  Proceedings,  and  presented   at  the  meeting  of   March   7th,  - 
1917),  Is  published  in  Proceedings,  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Washington,  D.  C. 

t  Received  by  the  Secretary,  March  3d,  1917. 
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Mr.  imposed  entirely  on  the  contractor,  there  is  a  strong  temptation  to 
save  on  first  cost  and  perhaps  to  take  chances  on  additional  and 
unnecessary  risk.  The  contractor  is  seldom  to  blame  for  this  condition, 
as  he  is  often  forced  into  an  untenable  position  by  the  double  com- 
petition involved,  first,  in  competitive  bids  in  which  his  estimated 
cost  of  the  coffer-dam  which  he  plans  is  a  part;  and,  second,  in 
which  the  saving  that  he  may  believe  he  can  make  on  the  coffer-dam 
determines  his  profit,  or,  worse  still,  a  decrease  in  his  loss. 

The  writer  has  been  much  interested  in  the  construction  work 
described,  having  discussed  it  quite  frequently  with  Mr.  Staniford, 
Messrs.  Holbrook  and  Bryson,  of  the  Holbrook,  Cabot  and  Rollins 
Company,  and  the  Commissioner  of  Docks  and  Ferries,  Mr.  R.  A.  C. 
Smith,  and  has  been  influenced  largely  by  Mr.  Staniford's  able  and 
conservative  engineering  plans,  as  shown  by  this  work,  to  depart  from 
the  precedent  heretofore  established*  in  the  plans  and  specifications 
for  naval  dry  docks.  This  departure,  although  it  has  not  taken  the 
exact  form  of  designing  the  coffer-dam  required  for  the  work,  has, 
nevertheless,  laid  down  and  specified  a  minimum  coffer-dam  require- 
ment that  would  be  acceptable  to  this  extent,  attempting,  as  Mr. 
Staniford  did  in  the  work  described,  to  minimize  the  risk  and  safe- 
guard against  the  probability  of  failure,  with  its  attending  losses  of 
money  and  time. 

The  fact  that  the  coffer-dam  described  by  the  author  held  and 
served  most  satisfactorily  the  purpose  for  which  it  was  constructed, 
is  evidence  of  the  soundness  of  the  judgment  used  in  its  design. 

The  writer  is  particularly  interested  in  the  tests  made  to  secure 
information  on  the  behavior  of  the  rip-rap  embankment  under  various 
conditions  of  pressure.  The  following  are  the  results  of  computations 
made  from  the  data  in  the  paper : 

In  Test  No.  1,  assuming  the  head  to  be  3  ft.  6  in.,  the  active  pres- 
sure was  found  to  be  360  lb. ;  the  pressure  at  impending  motion,  1  455 
lb. ;  and  actual  sliding  on  the  bottom  2  800  lb.,  assimiing  the  same 
coefficient  of  friction  on  the  bottom  as  that  of  the  material  itself, 
and  no  friction  on  the  board  to  which  the  force  is  applied.  These 
.assumptions  may  account  for  the  figures  given  being  slightly  larger 
than  those  obtained  in  the  test. 

In  Test  No.  2,  the  head  assumed  was  2  ft.  9  in.  The  computed 
active  pressure  found  was  250  lb.;  the  computed  impending  motion, 
970  lb. ;  and  for  sliding,  1  460  lb.,  assuming  a  plane  of  rupture  through 
the  toe  and  no  friction  on  the  board  to  which  the  force  is  applied. 

In  Test  No.  5,  the  head  was  assumed  to  be  IJ  times  the  distance 
•of  the  application  of  the  force  from  the  top.  At  impending  motion, 
the  computed  force  was  found  to  be  500  lb.  and  the  sliding  on  the 
plane  through  toe  to  be  680  lb. 
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From  observations  of  the  curves  shown  in  Fig.  13,  it  is  believed     Mr. 
that   the  initial   movement  was   probably  purely   local,   and  that   the 
impending  motion  began   at  the  initial  points  of  the  curves  shown. 
The  agreement  of  the  computations  with  the  critical  points  of  the 
curves  is  remarkable  and  partly  verifies  such  an  assumption. 

D.  A.  Watt,*  M.  Am.  Soc.  C.  E.  (by  letter).!— It  would  be  of  Mr. 
interest  to  know  whether  any  piles  were  found,  during  the  removal 
of  the  pockets,  which  had  been  driven  out  of  their  interlock  with 
the  next  piles.  In  the  writer's  experience,  this  is  by  no  means  uncom- 
mon where  the  driving  is  hard,  for  instance,  with  closing  piles,  although 
no  indication  of  the  break  may  be  apparent  at  the  time.  Thus,  when 
removing  the  cofi^er-dam  for  the  Maine  at  Havana,  more  than  one 
case  was  found  where  one  pile  at  one-quarter  or  one-third  of  its  length 
from  the  end  had  broken  away  from  its  neighbor.  Fortunately,  the 
breaks  were  all  below  the  level  of  the  harbor  bottom,  which  doubtless 
was  the  reason  the  cylinders  had  not  burst,  as  the  surrovmding  mate- 
rial (mud  and  clay)  prevented  the  embedded  piling  from  spreading. 
The  piles  had  been  driven  from  30  to  35  ft.  into  this  material.  During 
the  construction  of  the  coffer-dam  one  of  the  cylinders  broke  open, 
due  to  the  closing  pile  being  driven  out  of  the  interlock,  but  in  this 
case  the  weak  point  appeared  to  be  above  the  harbor  bottom,  where 
there  was  no  outside  material  to  counteract  the  strain. 

Similar  conditions  were  found  in  the  later  steel-pile-pocket 
coffer-dam  at  Troy,  N.  Y.,  where  the  piles  were  driven  into  river  gravel. 
The  i>enetration  was  not  more  than  8  or  9  ft.,  as  the  gravel  was 
compact;  yet,  when  removing  the  piling,  several  cases  were  found 
where  the  interlock  had  driven  out.  As  with  the  Maine  coffer-dam, 
the  breaks  appeared  to  be  below  the  surface  of  the  bottom,  and  no  harm 
resulted. 

The  saturation  of  the  filling  in  coffer-dams  of  this  type,  referred 
to  by  the  author  as  one  of  the  sources  of  internal  pressures,  appears 
to  exist  at  a  higher  level  than  is  usually  assumed,  although  varying 
naturally  with  the  porosity  of  the  filling.  The  filling  used  for  the 
Maine  cylinders  varied  from  a  sandy  to  a  heavy  clay,  and  in  all  cases 
the  saturation  line  was  very  high.  It  began  at  about  mean  tide  level 
on  the  outer  faces  and  sloped  downward  at  about  5  horizontal  to  1 
vertical.  The  material,  therefore,  was  dry  only  to  an  average  of 
about  5  ft.  below  mean  tide;  the  remainder  stayed  in  a  fluid  condition. 
Efforts  to  lower  the  saturation  level  and  to  drain  the  filling  with  long 
perforated  pipes  were  useless;  the  pipes  would  fill  up  in  a  few  hours 
after  being  pumped  out,  and  even  near  the  surface  these  did  not  seem 
to  affect  visibly  the  adjacent  seepage.     This  high  and  constant  line  of 

•  Albany,  N.  Y. 
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Mr.  saturation  was  noteworthy  because  the  total  seepage  into  the  eoffer- 
•^*""  dam  was  extremely  small  (about  i  cu.  ft.  per  sec.),  and  there  was  as 
much  opportunity  for  the  water  to  leak  out  of  the  cylinders  into  the 
inclosure  as  to  leak  into  them  from  the  bay.  '  In  the  Troy  coffer-dam, 
with  the  pockets  filled  with  sand  and  gravel,  the  water  line  was  natu- 
rally much  steeper.  Judging  from  the  height  of  the  seepage  appearing 
on  the  inside  faces,  it  was  about  2  horizontal  to  1  vertical. 

The  writer  visited  the  46th  Street  coffer-dam  during  its  construc- 
tion, and  again  after  it  had  been  in  use  for  some  months.  Mr.  Stani- 
ford  and  the  others  responsible  for  the  work  are  to  be  congratulated 
on  their  success  in  handling  a  very  difficult  problem. 

Mr.  C.  A.  Wentworth,*  M.  Am.  See.  C.  E. — The  Society  has  received 

worth!  a  valuable  contribution  in  this  paper,  describing  an  advanced  step  in 
coffer-dam  construction  to  meet  peculiar  and  difficult  conditions.  The 
tests  made  in  preparing  for  this  work  show  a  foresight  which  is  too 
often  omitted.  A  comparatively  small  expenditure  for  borings  and 
tests  at  the  outset  of  a  difficult  piece  of  foundation  work  frequently 
saves  much  larger  expenditures  later.  The  entire  responsibility  of 
determining  the  method  to  be  used  in  carrying  out  a  given  design  is 
too  often  left  entirely  to  the  contractor,  instead  of  considering  the 
method  and  final  structure  desired  as  parts  of  the  same  construction, 
both  of  which  are  essential  to  a  completed  whole. 

The  relative  amount  of  yielding  in  the  rip-rap  embankment  of 
the  large  coffer-dam  confirms  the  results  of  the  small-scale  tests 
remarkably  well,  and  the  description  in  the  paper  gives  all  the  points 
necessary  for  use  in  applying  this  method  to  similar  work.  The  diffi- 
culties encountered  in  the  construction  were  surprisingly  small,  con- 
sidering the  magnitude  of  the  work;  and  there  is  evidence  of  careful 
preparation  in  laying  out  and  carrying  on  the  work  which  is  a  credit 
to  both  the  engineers  and  the  contractor. 

A  coffer-dam  of  the  open  type,  without  cross-bracing,  must  fulfill 
two  functions:  First,  it  must  provide  a  cut-off  wall  sufficiently  tight 
to  hold  back  the  water  and  prevent  it  from  opening  channels,  through 
or  under  the  dam,  which  might  endanger  its  stability  or  cause  a  seepage 
flow  which  could  not  be  cared  for  by  the  pumps  with  reasonable  expense. 
This  does  not  mean  that  an  absolutely  tight  cut-off  is  necessary,  and. 
in  fact,  a  water-tight  cut-off  is  seldom  obtained.  It  does  mean,  however, 
that  large  leaks  or  seepage  must  be  stopped. 

The  second  function  which  a  dam  must  fulfill  is  to  provide  sufficient 
stability  to  resist  the  total  pressure  of  the  water.  This  stability 
depends  on  two  factors:  The  total  mass,  and  the  internal  cohesion  (jf 
the  mass,  or  its  resistance  to  deformation.  In  the  coffer-dam  under 
discussion,  the  cut-off  consisted  of  a  double  row  of-  steel  sheet -piles, 

*  New  York  City. 
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interlocked  and  driven  to  rock,  and  sealed  with  a  clayey  mud.     This,  Mr. 
cut-oflE  was  ideal  as  a  stop  for  percolating  water.    The  rip-rap  furnished  worth, 
— in  the  most  compact  form  of  any  loose  material — the  necessary  mass, 
with  the  maximum  stability  attainable,  short  of  a  coherent  structure. 

In  this  case  there  was  a  coffer-dam  requiring  a  cut-off  wall  68  ft. 
in  height.  Engineers  must  expect  to  encounter  these  problems  more 
frequently  in  the  future,  and  the  methods  used  must  meet  the  con- 
ditions. The  methods  applicable  in  any  given  case  should  be  governed 
by  local  conditions  and  the  cost  of  available  material.  When  this  work 
was  started,  2  years  ago,  the  cost  of  steel  piling  was  low,  and  contractors 
were  seeking  places  for  the  cheap  disposal  of  rip-rap  from  the  subway 
excavations.  These  two  factors  undoubtedly  had  much  to  do  with  the 
type  of  coffer-dam  selected.  A  third  factor  which  defined  the  limits 
of  the  work  was  the  rock  bottom,  which  made  an  unyielding  support, 
both  for  the  steel  cut-off  wall  and  the  rock  fill.  A  variation  of  any 
one  of  these  three  factors,  such  as  a  high  cost  for  the  first  two  or  a 
different  character  of  bottom,  might  have  made  some  other  type 
advisable.  Each  of  these  factors  should  be  given  its  true  weight  in 
considering  the  use  of  similar  construction  in  other  work. 

If  the  same  work  were  to  be  done  again,  with  the  present  high 
price  of  steel,  and  rip-rap  being  more  expensive,  some  other  means 
might  well  be  considered,  such  as  the  use  of  open  concrete  caissons 
sunk  by  the  dredging  method  and  weighted  by  filling  with  mud,  or 
timber  caissons  similarly  sunk  and  weighted.  These  two  types  would 
represent  coherent  structures  in  which  the  minimum  quantity  of  mate- 
rial is  required  to  resist  the  pressure,  and  their  use  in  this  or  any 
other  case  would  be  entirely  a  question  of  relative  costs. 

Another  dam  which  should  be  considered  is  the  ordinary  timber 
sheet-pile  and  earth-fill  type.  Such  a  dam  would  necessarily  have  to 
be  placed  a  greater  distance  from  the  bottom  of  the  excavation  in 
order  to  provide  room  for  the  greater  mass  and  flatter  slopes  required, 
and  also  to  provide  a  longer  distance  for  the  travel  of  seepage  which 
might  pass  a  cut-off  wall  not  carried  to  rock.  The  latter  method  would 
not  meet  the  restricted  conditions  at  the  north  and  south  sides  of 
the  coffer-dam  under  discussion,  and,  in  fact,  the  general  method  of 
construction  was  varied  at  these  points  to  suit  local  conditions,  large 
circular  caissons  being  used  at  the  southwest  corner,  and  a  single  line 
of  sheeting  along  part  of  the  north  side. 

These  alternates  are  pointed  out  in  order  to  call  attention  to 
methods  which  might  well  be  considered  in  connection  with  a  similar 
problem  under  different  local  conditions. 

The  paper  suggests  some  thoughts  which  may  not  be  out  of  place 
in  this  discussion.  Harbor  development  in  the  United  States  is  now 
at  a  point  where  new  methods  and  types  of  construction  will  be  required 
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Mr.   to  meet  the  increased  draft  of  ocean  vessels,  and  to  provide  for  a 

worth'  greater  permanence  in  the  design  of  docks  and  bulkheads  than  has 

prevailed  in  the  past.     Timber  has  been  cheap  and  of  excellent  quality, 

and  has  served  its  purpose  well,  for  coffer-dam  and  dock  work,  for 

depths  of  water  up  to  about  30  ft. 

Most  of  the  docks  in  the  United  States  are  built  of  timber,  usually 
untreated.  The  life  of  work  of  this  class  is  short,  unless  entirely 
submerged  in  waters  free  from  marine  worms,  but  it  has  had  the 
advantage  of  cheapness  and  rapid  construction,  and  these  have  been 
the  deciding  factors  in  a  rapidly  growing  and  changing  community. 
In  the  teredo-infested  waters  of  southern  and  Pacific  ports,  creosoted 
timber  and  other  forms  of  protection  have  been  a  necessity  for  wooden 
piles,  and,  even  with  such  protection,  the  increased  cost  and  decreased 
life  of  dock  structures  built  of  this  material  have  made  the  need  of 
more  permanent  materials  desirable. 

For  permanent  docks  in  depths  of  40  ft.  or  more,  which  are  now 
required  for  the  largest  ocean  vessels,  timber  is  getting  beyond  its 
reasonable  limit,  and  the  use  of  concrete  or  masonry  walls  or  piers, 
or  supporting  dock  structures  by  concrete  caissons,  will  probably  be 
the  next  step  forward  to  meet  these  new  conditions  of  permanency 
and  depth.  These  methods  are  suitable,  not  only  in  waters  where  the 
teredo  is  not  found,  but  also  for  most  conditions  encountered  where 
a  permanent  dock  is  required. 

Concrete  piles  have  been  used  in  many  places  infested  by  the 
teredo,  but  they  cannot  be  considered  as  permanent  in  waters  subjected 
to  ice  and  frost  action,  and  their  permanency  in  tropical  waters  is 
questionable,  due  to  the  greater  chemical  activity  of  the  dissolved 
alkaline  salts  in  the  warm  water  and  the  great  rapidity  with  which 
the  steel  reinforcement  disintegrates  when  the  necessarily  thin  pro- 
tecting layer  of  concrete  is  broken  or  punctured. 

No  engineering  work  is  immutable,  and  permanency,  when  applied 
to  harbor  work,  can  only  be  considered  as  relative;  but  it  is  evident 
that  a  new  era  has  been  reached  in  constructing  works  of  this  kind, 
especially  in  ports  like  New  York.  It  is  a  pleasure,  therefore,  to  see 
the  substantial  design  of  the  dock  walls  constructed  inside  the  coffer- 
dam for  the  Forty-sixth  Street  Pier,  and  it  is  hoped  that  this  work 
may  be  a  precedent  for  future  construction. 

Mr.  Thomas  H.  Wiggin,*  M.  Am.  Soc.  C.  E. — The  author  very  modestly 

'^^'°'  calls  this  an  unusual  coffer-dam.  A  stronger  term  might  very  properly 
have  been  used,  as  will  be  agreed  to,  the  speaker  thinks,  by  any  one 
who  has  had  experience  with  such  work.  The  construction  itself,  after 
the  coffer-dam  was  completed,  and  even  the  methods  of  building  the 
coffer-dam,  were  not  in  themselves  so  bold,  because,  though  requiring 
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great  skill  and  ingenuity  on  account  of  unusual  dimensions,  they  Mr. 
involved  methods  of  pile-driving  and  excavation  which  are  sufficiently  ^'*^'^'"- 
well  standardized;  but  the  conception  of  backing  so  high  and  so  large 
a  coffer-dam  with  a  mass  of  rip-rap  of  comparatively  small  thickness 
was  certainly  one  which  required  boldness,  care,  study,  and  sureness, 
in  order  to  warrant  a  construction,  in  that  limited  space,  which  did 
not  give  opportunity  for  increasing  the  strength  of  the  backing,  in 
case  it  should  be  found  insufficient. 

It  seems  to  the  speaker  that  the  experiments  undertaken  to  discover 
the  action  such  a  structure  might  take,  deserve  more  emphasis  than 
the  author  gives  them.  They  were,  apparently,  the  only  quantitative 
proof  of  the  design.  The  speaker  made  a  few  rough  computations, 
and  would  be  interested  if  the  author  would  include  an  outline  of  such 
computations  as  were  made  by  him  to  justify  the  proportions  of  the 
design.  For  example,  the  prism  of  rock  which  supported  the  steel 
walls  on  the  side  next  the  river,  appears  to  have  had  a  weight  of  about 
200  000  lb.  per  Hn.  ft.,  and  the  water  pressure  against  it  appears  to 
have  been  approximately  100  000  lb.  This  would  indicate  the  necessity 
for  a  coefficient  of  friction  of  about  50%  in  order  that  the  rock  fill 
should  withstand  successfully  the  inward  pressure  when  the  coffer-dam 
was  unwatered.  The  experiments  appear  to  show  that  the  coefficient 
of  friction  at  the  ultimate  strength  of  such  a  "granular"  structure, 
when  subject  to  sliding  pressure,  would  be  considerably  greater  than 
50%,  perhaps  half  again  as  large. 

The  margin,  then,  was  apparently  safe,  but  not  large,  and  the 
considerable  movement  of  the  structure  indicated  that  just  about  the 
right  degree  of  conservatism  was  used  in  the  proportioning.  If  the 
structure  had  been  a  little  lighter,  it  might  have  exhibited  signs  of 
distress  as  the  water  was  lowered  inside,  and,  as  there  was  little  more 
room  for  additional  rip-rap  inside,  a  determination  of  the  next  step 
would  have  been  a  serious  problem.  No  such  distress  occurred,  how- 
ever, and  the  design  was  justified,  which  must  have  been  a  source 
of  great  gratification  to  the  author  and  his  assistants,  and  is  reason 
for  admiration  by  the  Engineering  Profession. 

The  paper  leaves  little  to  be  added,  though  its  descriptions  are 
given  with  a  minimum  of  words.  There  are  a  few  points,  however, 
which  might  be  explained  in  more  detail.  The  first  is  the  use  of 
wash-borings  and  steel-shod  piles  for  the  purpose  of  finding  the  position 
of  bed-rock.  Under  many  circumstances,  neither  of  those  methods 
would  have  been  reliable.  The  speaker  knows  of  areas  where  rock 
has  been  located  in  great  detail  by  wash-borings,  but,  on  excavating,  • 
no  rock  was  found;  and,  similarly,  with  the  driving  of  rods  or  piles, 
it  is  difficult  to  know  that  one  does  not  strike  boulders.  The  speaker 
presumes  that  the  Dock  Department  was  familiar  with  the  general 
nature  of  the  shore,  and  felt  confidence  in  the  methods;  otherwise, 
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yf^^-  that  a  few  borings  of  another  sort,  that  is,  diamond  drill  or  core 
borings,  would  have  been  made  in  order  to  be  sure  that  certain  critical 
points  were  well  established. 

It  is  noted  that  along  the  north  side  of  the  coffer-dam  a  single 
row  of  steel  sheet-piling  was  used.  Of  course,  two  rows  give  more 
certainty  of  cut-off  than  one,  but  it  would  be  interesting  to  have  Mr. 
Staniford  explain  whether  a  single  row  would  not  have  done  else- 
where. The  principal  stability  appears  to  have  been  derived  from 
the  rock  fill  inside  the  steel  piling,  and  it  would  seem  to  be  possible 
to  use  a  single  row  and  back  it  up  so  well  with  rip-rap  as  to  make 
the  cellular  construction  unnecessary.  The  speaker  visited  the  work 
several  times  during  construction,  and  noted  particularly  that  the 
cells  of  the  steel  piles  along  the  south  line  were  very  much  distorted 
by  the  pressure.  They  were  no  longer  cells,  for  some  of  them  were 
convexed  toward  the  interior  of  the  coffer-dam  on  both  sides;  that  is, 
they  had  simply  been  forced  over  by  the  action  of  the  outside  fill  so 
that  they  constituted  not  a  row  of  cells,  but  two  rows  of  piling  with 
certain  cross-diaphragms.  Considering  the  amount  at  stake,  the 
speaker  is  not  ,at  all  surprised  that  two  rows,  or  even  more,  should 
have  been  thought  desirable  as  a  factor  of  safety;  but,  after  the 
experience,  the  point  of  view  as  to  whether  one  row  would  be  suffi- 
cient for  the  future  would  be  of  interest. 

It  is  noted  that  the  steel  piling  manufacturers  have  established 
a  strength  of  about  9  500  lb.  per  lin.  in.  for  the  interlock.  This  is  an 
important  unit  to  remember  in  connection  with  such  steel  piling, 
because  it  has  been  well  established  by  tests,  all  giving  substantially 
the  same  figure,  and  it  will  be  possible,  in  many  cases,  to  use  such 
piling  locked  together  as  a  sort  of  suspension  for  supporting  pressures. 

There  are  a  few  places  in  the  paper  where  the  derivation  of  certain 
formulas,  or,  at  least,  a  reference  to  their  derivation,  would  add  to 
the  completeness;  for  example,  on  page  122*,  there  is  a  factor  of  57% 
which  presumably  comes  from  the  Eankine  sine  formula  for  active 
pressure.  The  formula  on  page  129*,  for  coefficient  of  friction,  would 
be  clearer  for  some  explanation. 

In  one  or  two  places,  also,  references  to  slopes  are  ambiguous,  such 
as  a  slope  of  J  to  1,  or  3  to  1.  The  wording  leaves  doubt  as  to  whether 
the  horizontal  is  the  larger  or  the  lesser  figure  in  the  ratio. 

In  connection  with  this  paper,  mention  might  be  made  of  some 
steel  piling  work  which  the  Board  of  Water  Supply  did  on  Staten 
.  Island.  The  Narrows  siphon  is  a  36-in.,  flexible-jointed,  cast-iron  pipe, 
laid  across  the  Narrows,  from  Brooklyn  to  Staten  Island.  On  the 
Staten  Island  shore,  it  had  to  be  laid  below  the  level  of  the  bottom 
of  a  future  dock,  and  as  the  material  for  that  dock  had  not  been  exca- 
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vatcd,  it  was  necessary  to  carry  a  trench  for  a  length  of  about  250  ft.  Mr. 
through  a  firm  sandy  material  varying  in  depth  from  about  10  ft.  at  '^^'"• 
the  toe  up  to  about  50  ft.  near  the  shore,  the  maximum  depth  obtaining 
for  some  distance.  This  pipe  was  laid  under  water,  so  that  it  was 
not  necessary  to  unwater  the  excavation,  which,  therefore,  was  not  a 
coifer-dam,  but  merely  a  sheeted  trench  with  earth  and  water  outside 
and  water  alone  inside. 

The  first  design  considered  was  the  use  of  interlocking  steel  piles, 
laid  in  straight  lines,  with  wooden  rangers  and  cross-bracing.  That, 
undoubtedly,  would  have  been  successful,  but  it  would  have  required 
the  placing  by  a  diver  of  a  good  many  pieces  of  timber  for  the  rangers, 
posts,  and  braces. 

It  was  finally  proposed  to  sheet  the  trench  with  interlocking  steel 
piles  driven  in  arcs  festooned  between  steel  master-piles.  The  sheet- 
piles  carried  the  load  as  a  suspension  in  a  horizontal  plane  between 
the  master-piles,  which  were  held  apart  by  wooden  braces.  This  design 
differed  from  that  first  described  in  substituting  suspension  systems 
for  wooden  rangers,  an  arrangement  which  incidentally  eliminated  the 
bearing  across  grain  of  braces  on  rangers,  which  is  a  source  of  weakness. 

The  sheet-piles  were  supplied  by  the  U.  S.  Steel  Company,  and 
were  12^-in.  and  38  lb.  per  yd.  The  so-called  master-piles  were  spaced 
about  15  ft.  apart  along  the  trench;  each  consisted  of  a  12-in.,  50-lb., 
I-beam,  with  a  12|-in.  sheet-pile  riveted  to  one  flange  and  a  12-in., 
25-lb.  channel  to  the  other,  to  give  it  additional  strength. 

Many  of  these  sheet-  and  master-piles  were  about  65  ft.  long.  The 
arcs  of  festoons  were  15  ft.  in  radius,  which,  under  the  assumptions 
of  earth  pressure,  caused  a  theoretical  tension  in  these  curves  of  about 
3  000  lb.  per  lin.  in.,  as  compared  with  9  500  lb.,  which  was  the  supposed 
strength  of  the  interlock. 

There  was  difficulty,  as  was  expected,  in  driving  the  master-piles 
exactly  plumb  and  in  correct  position,  through  the  firm  material.  After 
they  were  down,  each  one  was  carefully  surveyed  by  locating  two  points 
on  it  at  the  top  as  far  apart  vertically  as  practicable,  and  then  pro- 
jecting the  line  of  these  points  to  the  position  at  the  bottom.  An 
investigation  was  then  made  as  to  what  curvature  would  really  result, 
making  due  allowance  for  the  bending  of  the  piles  and  inaccuracies 
in  the  location  measurements,  and  wherever  the  curvature  to  be 
expected  was  less  than  about  one-half  that  which  was  tried  for 
originally,  another  sheet-pile  was  put  in  the  arc,  thus  increasing  the 
middle  ordinate  of  the  curve  and  reducing  the  stress. 

T.  Kennard  Thomson,*  M.  Am.  Soc.  C.  E. — Mr.  Staniford  deserves  Mr. 
the  thanks  and  congratulations  of  the  Engineering  Profession  for  the  °™^ 
marvelously  successful  accomplishment  of  a  most  difficult  engineering 
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Mr.  problem.  Commissioner  Smith  also  deserves  the  thanks  of  every  one 
in  New  York  City  and  State,  as  vpell  as  of  many  outside  these  limits, 
for  his  courage,  ingenuity,  and  success  in  securing  for  Manhattan 
,  the  1  000-f t.  docks  for  which  there  is  such  urgent  demand. 

The  author's  experiments  are  very  interesting;  but,  as  a  rule,  it 
is  almost  impossible  to  make  such  experiments  really  conclusive,  on 
account  of  the  great  difficulty  of  allowing  for  all  the  conditions  of 
Nature.  For  instance,  in  a  small  model,  a  pile  representing  a  rock 
fill  dumped  into  place  would  probably  have  a  considerably  smaller 
percentage  of  voids  than  in  the  actual  work,  and  some  of  these  voids 
might  occur  in  such  a  way  that  the  subsequent  breaking  of  a  few 
stones  might  cause  a  sudden  slide,  with  injurious  results,  especially 
if  the  stones  are  coated  with  slime,  which  condition,  also,  could  not 
be  obtained  in  the  model.  Then,  again,  the  formation  of  ice  might 
be  disastrous,  although  difficult  to  make  allowance  for  in  the  experi- 
ment. 

A  coffer-dam  or  retaining  wall,  supporting  a  fill,  built  of  such  pro- 
portions as  to  be  absolutely  safe  under  most  conditions,  will  fail  com- 
pletely under  a  load  of  semi-liquid  material  of  the  same  weight  and 
height,  due  to  the  fact  that  it  will  act  as  a  sort  of  ram.  It  is  always 
very  difficult  to  estimate  the  effect  of  water  on  a  fill,  during  or  after 
construction,  as  the  cumulative  effect  is  much  greater  in  some  mate- 
rials than  the  hydraulic  head  would  indicate. 

In  sub-surface  work  or  excavations,  it  is  even  much  more  difficult 
to  estimate  the  real  pressures  on  a  coffer-dam  or  retaining  wall.  The 
materials  have  been  placed,  for  the  most  part,  by  Nature  under  great 
pressures;  and  are  often  cemented  together  by  clay  or  other  natural 
cements,  and  by  roots,  stones,  etc.,  so  that  considerable  excavation 
can  often  be  made  without  any  coffer-dam  or  bracing.  These  con- 
ditions cannot  be  reproduced  in  ordinary  experiments,  and,  in  actual 
work,  are  often  suddenly  reversed  by  the  action  of  springs,  rains,  etc. 

Any  experiments,  therefore,  which  are  intended  to  reduce  the 
sections  of  retaining  walls,  dams,  or  coffer-dams  below  the  standards 
adopted  as  the  result  of  many  experiments,  theories,  and  actual 
examples,  should  be  checked  with  the  utmost  care  and  foresight. 

The  author  refers  to  the  use  of  manure  for  stopping  leaks.  A  very 
simple  expedient,  often  used  successfully  in  coffer-dam  work,  where 
the  leaks  are  small  but  persistent  and  troublesome,  is  to  drop  an  occa- 
sional shovelful  of  ashes  or  cinders  in  the  water  above  the  leak.  This 
would  probably  also  remedy  many  leaks  in  concrete  and  masonry  dams 
and  thus  prevent  much  serious  damage  from  ice  forming  in  the 
cracks  and  crevices. 

Although  too  much  credit  cannot  be  given  to  Commissioner  Smith 
and  Mr.  Staniford  for  conceiving  and  constructing  this  greatly  needed 
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improvement,  one  cannot  help  comparing  it  with  a  surgical  operation,       Mr. 
for   instance,   for   appendicitis.     Both    are   expensive,    and   both    are 
absolutely  necessary.     In  this  case  it  was  necessary  to  remove  12  acres 
of  valuable  New  York  City  real  estate  to  make  place  for  water. 

The  number  of  times  such  a  surgical  operation  as  the  removal 
of  the  appendix  (or  city  real  estate)  can  occur  is  limited,  of  course, 
as  far  as  the  individual  man  or  place  is  concerned,  yet  Manhattan 
needs  many  more  1  000-ft.  docks — in  fact,  all  that  can  be  obtained — 
but  the  upper  Hudson  is  not  the  most  accessible  place  for  them. 

Six  years  ago,  the  speaker  was  much  impressed  with  the  wisdom 
of  the  War  Department  in  refusing  to  allow  further  encroachment 
in  the  Hudson  River,  in  spite  of  the  very  urgent  need  for  such  docks ; 
he  has  always  felt  that  there  is  a  correct  solution  for  all  problems, 
if  one  only  has  the  patience  and  ingenuity  to  find  it. 

In  this  case,  when  extension  to  the  west  was  forbidden,  and  to 
the  north  and  east  was  impossible,  the  only  direction  left  was  the 
south,  it  occurred  to  him  that  an  extension  might  be  made  from  the 
Battery  to  Governor's  Island.  Such  a  course,  however,  would  obviously 
only  accentuate  a  bad  condition,  for  the  City  is  too  long  and  too 
narrow  as  it  is.  Later,  the  idea  occurred  to  him  that  the  City  might 
be  extended  from  the  Battery  4  miles  down  the  bay,  with  a  width 
of  about  I  mile,  and  that  a  series  of  tunnels  to  Staten  Island  might 
then  be  constructed.  The  City  Hall  would  then  be  in  the  center  of 
the  city,  instead  of  at  its  southern  end. 

The  next  step  would  be  to  form  a  new  bay  between  Staten  Island 
and  Sandy  Hook,  and  introduce  many  other  improvements,  with  which 
most  engineers  are  familiar.  The  net  result  of  this  plan  would  be 
50  sq.  miles  of  new  real  estate  and  100  miles  of  additional  water-front. 
Some  6  or  7  sq.  miles  could  be  used  for  a  free  port  between  Staten 
Island  and  Sandy  Hook.  This,  alone,  an  eminent  banker  has  declared, 
would  prove  to  be  the  salvation  of  New  York. 

Hamburg  had  to  evict  16  000  people,  as  well  as  place  drastic  restric- 
tions on  many  miles  of  river  front;  and  even  Bremen  and  Copenhagen 
were  much  restricted  in  their  efforts  to  secure  enough  water  and  land 
space  for  their  invaluable  free  ports.  New  York,  however,  can  obtain 
all  the  land  required  without  interfering  with  any  one's  interests. 

Charles  S.  Boardman,*  M.  Am.  Soc.  C.  E. — The  speaker  wishes  to  Mr. 
call  especial  attention  to  the  design  of  this  coffer-dam.  Mr.  Staniford  ^°'i'''^™*°- 
claims  that  a  precedent  for  the  design  is  found  in  the  coffer-dams 
built  by  the  United  States  Government  at  Black  Rock  Harbor,  Buffalo, 
N.  Y.,  and  for  removing  the  wreck  of  the  battleship  Maine,  at  Havana, 
Cuba.  This  is  entirely  true  as  to  many  details,  such  as  the  use  of 
long  steel  sheet-piling,  especially  in  the  Maine  coffer-dam,  for  the  mate- 
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Mr.  rial  in  which  edch  was  constructed  was  harbor  silt  below  about  35  ft. 
man.  ^^  ^^^^  water.  The  foundation  of  the  Maine  coffer-dam  was  in  clay, 
but  the  steel  sheet-piling  for  the  Forty-sixth  Street  Pier  was  driven 
to  bed-rock.  It  is  true,  also,  in  comparing  the  Black  Rock  coffer-dam, 
when  it  is  considered  that  in  that  structure  the  steel  sheet-piling  was 
driven  to  bed-rock,  although  through  good  sand,  clay,  and  gravel. 
Both  the  Black  Rock  and  Maine  coffer-dams  differ  in  so  many  other 
details  that  neither  can  be  considered  a  precedent  for  the  design  of 
the  coffer-dam  for  the  Forty-sixth  Street  Pier,  New  York  City.  ' 

Steel  sheet-piling  has  been  used  in  cellular-form,  gravity-type 
coffer-dams,  at  Black  Rock,  Havana,  Cape  Fear  River  (Browns  Land- 
ing), N.  C,  and  Troy,  N.  Y.,  but  never  before  as  a  cellular-type 
cut-off  wall  in  a  gravity-type  earth  and  stone  coffer-dam. 

The  form  of  the  cell  or  pocket  used  by  Mr.  Staniford — with  straight 
partition  walls  and  curved  longitudinal  walls — has  been  developed  from 
experience  obtained  at  Black  Rock  and  at  Havana.  It  may  be  of 
interest,  therefore,  to  follow  this  thought  more  in  detail,  giving  a 
brief  history  of  these  two  coffer-dams. 

Mr.  Staniford  states: 

"It  was  expected  that  the  filling  within  the  pockets  [at  Black 
Rock  and  Havana]  would  make  them  stable  against  the  external  pres- 
sures, unaided,  but  in  both  cases  it  was  found  necessary  to  place  an 
embankment  of  stone  against  the  pockets,  and  in  the  case  of  Havana, 
extensive  bracing  to  the  Maine  was  also  placed,  in  order  to  stop  the 
continuous  inward  movement  of  the  coffer-dam." 

This  statement  is  correct,  but  the  stone  embankment  was  placed 
in  each  case  for  an  entirely  different  reason  than  in  the  Forty-sixth 
Street  Pier,  where  it  forms  part  of  the  original  design  of  the  coffer- 
dam. This  detail  will  also  be  referred  to  in  a  brief  history  of  these 
coffer-dams. 

The  Black  Rock  coffer-dam  (Fig.  26)  was  constructed  in  1908 
and  1909,  and  consisted  of  seventy-seven  pockets,  each  30  ft.  square, 
formed  of  Lackawanna  steel  sheet-piling,  in  lengths  ranging  from 
41  to  54  ft.  and  driven  in  straight  walls.  All  the  piling  was  driven 
to  bed-rock,  making  an  average  of  33  ft.  of  penetration  through  hard 
materials.  The  maximum  penetration  was  about  45  ft.,  at  the  extreme 
west  wall.  Fig.  27  is  a  view,  looking  south,  showing  Pocket  No.  40, 
the  northeast  corner  in  the  foreground.  In  the  background  may  be 
seen  the  City  of  Buffalo,  the  Niagara  River,  and  the  International 
Bridge.  This  photograph  gives  a  general  idea  of  the  location  of  the 
ship  lock  in  relation  to  the  river. 

The  excavation  was  done  by  a  dipper-dredge  having  an  arm  capable 
of  digging  to  about  Elevation  —  45  ft.,  leaving  from  3  to  6  ft.  of  clay 
and  sand  over  the  bed-rock. 
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The  slopes  of  the  materials  forming  the  embankment  by  this 
dredging  method  were  not  maintained  as  prescribed  in  the  Govern- 
ment engineer's  plans,  ^nd,  to  re-establish  these  slopes,  rock  obtained 
from  other  work  on  the  ship  canal  was  placed  by  dump  scows  at  the 
toe  of  the  embankment  and  spread  over  its  top  by  a  dipper-dredge. 
This  rip-rap  was  placed  on  the  side  embankments,  but  not  on  the 
end  embankments  of  the  coffer-dam,  as  will  be  seen  in  Fig.  28. 

This  figure  also  shows  the  elimination  of  the  fill  at  the  tops  of  the 
pockets  against  the  inside  steel  walls,  which  would  have  forme^  an 
active  pressure  wedge  against  this  wall.  Fig.  29  shows  the  effect 
produced  on  the  steel  sheet-piling  wall  by  the  clay  filling  in  the  pockets 
when  the  embankment  is  low. 

It  is  readily  seen  that  this  piling  was  thrown  into  tension  at  the 
joints.  The  maximum  curvature  of  the  wall  was  at  a  point  one-third 
above  the  point  of  penetration  or  the  top  of  the  embankment,  the 
middle  ordinate  of  these  walls  at  this  point  being  about  3  ft.  or  about 
one-tenth  of  the  length  of  the  pocket. 

Later,  during  construction  at  this  end  coffer-dam,  the  toe  of  the 
embankment  was  robbed,  causing  a  slide  in  the  embankment,  thus 
lowering  the  point  of  support  of  the  piling.  This  also  created  a  curved 
surface  of  rupture  in  the  fill  of  the  pockets.  The  steel  sheet-piling 
being  deflected  further,  the  result  was  that  the  maximum  deflection 
was  at  a  point  one-third  of  the  height  from  the  new  point  of  support. 
The  steel  channels  broke  in  many  of  the  pockets,  the  interlocks  of 
the  piling  in  tension  resisting  this  increased  loading. 

Before  this  coffer-dam  was  closed  it  was  seen  that  the  curved  longi-' 
tudinal  walls  made  the  better  design,  and  the  four  pockets,  two  at 
each  end,  left  for  the  passage  of  the  contractor's  plant,  were  constructed 
in  that  way. 

It  was  then  found  that  in  the  fabricated  tee-pile  the  tension  strain 
from  these  curved  walls  had  a  tendency  to  puU  on  the  heads  of  the 
rivets.  The  greatest  movement  inward  of  this  coffer-dam  at  the 
diaphragm  walls,  however,  was  only  |  in.,  measuring  between  the 
tee-piles  of  opposite  walls. 

The  coffer-dam  around  the  battleship  Maine,  constructed  by  the 
United  States  Government,  under  supervision  of  the  "Maine  Board", 
composed  of  Col.  W.  M.  Black  (now  Brig.-Gen.),  Col.  Mason  M. 
Patrick,  and  Maj.  H.  B.  Ferguson,  consisted  of  twenty  cylinders, 
each  50  ft.  in  diameter,  with  closing  and  connecting  arcs  of  ten  piles 
on  the  outside  wall.  The  cylinders  and  arcs  were  constructed  of 
Lackawanna  12|  by  |-in.  straight-web  sections,  forty  with  35-ft.  lengths 
and  fifty  with  25-ft.  lengths,  spliced  to  make  sheet-piling  75  ft.  long. 

The  original  studies  for  this  work  show  six  cylinders,  each  50  ft. 
in  diameter  on  each  side  of  the  coffer-dam  and  five  cylinders,  40  ft. 
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Fig.  27. — Blauk  Rock  Coffek-Dam,    Looking    South.     Pocket    No.    40,    ihk 
Northwest   Corner,   in   the    Foreground. 


Fig.  28. — Black  Rock  Coffer-Dam,  Looking  North  from  Southwest  Corner. 
Water  29  Ft.  Below  Normal  Level  of  Niagara  River. 
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Fig.  29. — Black  Rock  Coffer-Dam.    Inside  Wall  at  South  End.    Clay 
PiTDDLE  Moving  Piling  to  the  Limit  of  Play  in  Interlock. 


Fig.  30. — General  View  of  Black  Rock  Coffer-Dam,  Looking  North,  at 
Complbtion  of  Concrete  Lock  Wall.s. 
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in   diameter,   on   the   ends,    but   this   was   changed   later   to   the   plan        Mr. 

shown  by  Fig.  31.  l^oar-lnmn. 

It  was  planned  to  fill  these  cylinders  with  heavy  clay,  displacing 
the  25  ft.  of  harbor  silt  which  existed  on  this  site  below  35  ft.  of 
salt  water  and  over  soft  clay  at  Elevation  —  60.  It  was  thought 
that  this  heavy  clay  fill,  when  dropped,  would  sink  to  the  clay  bed, 
thus  raising  or  displacing  the  harbor  silt  and  securing  cylinders  entirely 
filled  with  clay. 

Time  did  not  permit  waiting  to  deposit  the  clay  by  the  dipper- 
dredge,  and  the  fill  was  made  with  a  hydraulic  dredge.  This  material 
blanketed  the  existing  harbor  silt  in  the  cylinders.  When  the  coffer- 
dam was  ready  to  be  unwatered,  it  was  found  impracticable  to  settle, 
compact,  or  solidify  this  silt,  nor  could  the  water  in  it  be  withdrawn 
or  pumped  out,  and  this  fill,  25  ft.  in  height,  remained  in  a  semi-fluid 
condition  throughout  the  work. 


COFFER-DAM  AROUND  WRECK  OF  BATTLESHIP   MAINE 
F*IG.  31. 

For  this  reason  the  Maine  coffer-dam  was  affected  by  the  water 
pressures  after  15  ft.  of  water  was  pumped  out,  and  even  showed 
slight  movement  with  every  high  tide,  the  result  being  that  the  cylin- 
ders gradually  crept  inward  at  the  top,  deflecting  at  Elevation  40  ft. 
or  more  below  water  level,  or  where  this  harbor  silt  existed  as  fill  in 
cylinders.  As  the  cylinders  crept  inward,  the  length  of  the  center 
line  of  each  became  shorter,  and  they  took  an  elliptical  form,  the 
area  of  contact  between  them  increasing. 

This  was  further  evidence  that,  as  the  diaphragm  walls  in  the 
Black  Eock  coffer-dam   did  not   move,   this   movement  of   the   Maine 
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Mr.  coffer-dam  cylinders  tended  to  create  diaphragm  walls,  and  led  to 
Boardman.  ^j^^  conclusion  that,  when  further  coffer-dam  construction  of  this  type 
was  required,  the  design  could  be  much  improved  by  adopting  the 
better  parts  of  each,  for  the  form  or  shape  of  the  cells  or  pockets. 
This  is  clearly  exemplified  in  the  plans  for  the  Forty-sixth  Street 
Pier  coffer-dam  designed  by  Mr.  Staniford  as  steel  sheet-pile  cellular 
cut-off  walls. 

The  stone  embankment  of  this  coffer-dam  was  placed  during 
unwatering  so  as  to  maintain  a  balance  of  pressures  and  to  take  the 
place  of  the  weight  of  the  water  and  mud  taken  out  of  the  coffer-dam. 
The  base  of  this  stone  embankment,  being  on  harbor  mud,  could  not 
be  depended  on  for  a  passive  pressure  in  the  same  manner  as  the 
stone  embankment  for  the  Forty-sixth  Street  Pier  coffer-dam. 

The  United  States  Government  engineers  recognized  and  used  the 
best  features  of  the  Black  Rock  and  Maine  coffer-dams  when  designing 
those  for  the  lock  and  dams  in  the  Cape  Fear  River,  North  Carolina. 

Fig.  34  is  a  plan  of  the  coffer-dam  at  Browns  Landing  for  Lock 
No.  2,  and  shows  that  three  types  of  wall  were  used. 

Pockets  1,  2,  3,  4,  5,  6,  and  7  were  of  the  square  type  used  at 
Black  Rock,  except  that  the  14  by  f-in.  section,  having  a  much  Jiigher 
section  modulus  (7.61),  was  used  with  the  channel  wales  and  steel 
rods  across  the  pockets,  in  order  to  maintain  their  form. 

Fig.  35  shows  this  coffer-dam  during  construction.  The  river  walls 
were  driven  with  two  floating  pile  drivers.  A  "pilot"  pile  of  pine  was 
driven  at  the  comer  of  each  pocket  to  support  the  template  used  in 
driving  the  curved  walls. 

Pockets  8  to  29,  inclusive,  but  excluding  Panel  21,  were  of  a  com- 
promise design,  these  walls  being  driven  on  the  shore  of  the  river  in 
the  original  ground.  The  back  wall  was  driven  with  the  14-in.  arch- 
web  section,  and  the  partition  and  front  walls  with  the  12|-in.  straight- 
web  section,  the  steel  in  the  front  wall  being  in  tension. 

Panels. 21  and  30  each  consist  of  a  single  wall,  constructed  after 
the  design  of  bulkhead  or  dock  walls,  of  steel  sheet-piling  with  steel 
channel  wales  and  steel  tie-rods  to  anchors.  This  work  was  carried 
out  most  successfully,  the  concrete  slab  being  placed  under  water 
through  a  tremie,  when  the  water  was  near  the  top  of  coffer-dam. 
The  top  of  the  coffer-dam  was  at  Elevation  -|-  32,  and  the  finished 
lock  floor  at  Elevation  -j-  1.0.  The  steel  sheet-piling  was  in  49-ft. 
lengths. 

This  dam  withstood  a  head  of  30  ft.  after  it  was  pumped  out  the 
first  time.  Freshets  in  the  river  flooded  it  five  times  in  one  season, 
without  any  damage  whatever.  The  river  was  permitted  to  flow  over 
the  top  and  into  the  pit  without  damage.  At  low  stages  the  leakage 
was  from  200  to  500  gal.  per  min.,  thus  requiring  a  small  expense 
for  pumping. 
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Pig.  32. — Con'stklcti:sc;  xue  MaiJic  Coifeu-Dam.  Havana,  Cuba. 


Fig.  33. — The.  Bow  of  the  Maine,  avithin  the  Coffer-Dam. 
Water   at    Elevation  —  10    Feet. 
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Mr.  Fig.  36  shows  the  lock  walls  under  construction,  the  head  of  water 

In  reference  to  that  part  of  the  paper  under  the  heading  "Stresses 
in  Steel  Sheet-Pile  Walls  of  Pockets",  the  nature  of  the  material 
used  to  fill  the  cellular-type  pocket  determines  the  method  of  calcu- 
lating the  stresses  exerted  by  this  filling  on  the  steel  sheet-piling 
walls.  This  pressure  is  transferred  to  the  walls  of  the  steel  sheet- 
piling,  and  the  walls  are  held  intact  by  the  strength  of  the  interlock 
of  this  sheet-piling  in  tension.  In  1908 — previous  to  the  construction 
of  the  Black  Rock  coffer-dam — the  various  interlocks  of  steel  sheet- 
piling  were  tested  physically  for  this  value  in  tension  per  linear  inch 
of  interlock,  and  it  was  established  that  the  Lackawanna  steel  sheet- 
piling  developed  an  ultimate  strength  of  9  700  lb.  per  lin.  in.,  which 
was  then  thought  to  be  sufficiently  high  to  allow  such  piling  to  be 
used  for  any  depth  then  thought  practicable  for  cellular  pockets  in 
a  coffer-dam.  The  maximum  stress  developed  by  filling  the  pockets 
of  the  Black  Rock  coffer-dam,  and  to  be  resisted  by  the  interlocks 
of  the  steel  sheet-piling,  was  computed  for  the  contractors  by  J.  C. 
Meem,  M.  Am.  Soc.  C.  E.,  and  found  to  be  6  600  lb.  per  lin.  in.  of 
interlock. 

Several  articles  were  written  by  engineers  on  the  stress  that  would 
be  developed  in  the  interlocks  of  the  piling  caused  by  the  filling  in 
the  pockets  of  the  Maine  coffer-dam,  one  writer*  placing  it  as  high 
as  7  400  lb.  per  lin.  in.  of  interlock. 

By  using  the  formula  adopted  to  find  this  tension  stress,  and 
making  the  same  assumptions  as  Mr.  Staniford,  that  the  maximum 
pressure  exists  at  a  point  58  ft.  below  the  top  of  the  filling,  and  also 
that  the  weight  of  the  river  mud  is  80  lb.  per  cu.  ft.,  with  a  natural 
slope  of  3^  to  1,  the  result  is  5  480  lb.  per  lin.  in.  of  interlock.  This 
figure,  as  will  be  seen,  agrees  substantially  with  Mr.  Staniford's  5  200 
lb.  per  lin.  in. 

In  determining  the  formula  to  use  in  this  calculation,  the  hori- 
zontal thrust  from  the  material  within  the  pocket  was  assumed  to 
act  perpendicular  to  the  longitudinal  piling  walls;  also,  the  corre- 
sponding unit  pressure  at  any  given  depth  was  assumed  to  be  dis- 
tributed uniformly  along  the  longitudinal  walls  between  the  transverse 
walls  of  pockets.  Therefore,  under  these  conditions,  the  longitudinal 
piling  wall  approaches  the  curve  of  a  parabola  with  the  maximum 
tension  at  the  point  of  support,  or  at  the  Y-pile,  and  its  value  is 


12 


*  Engineering  News,  December  29tli,  1910. 
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Fig.  35. — Coffer-Dam  at  Browns  Landing  for  Lock  No.  2,  Cape  Pear  River. 


Fig.  36. — Coffer-Dam  at  Browns  Landing.     Lock  Walls  Under  Construction. 


Boardman. 
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when  t  =  the  tension,  in  pounds  per  linear  inch,  in  the  longitudinal       Mr. 
and  transverse  walls,  for  the  reason  that  the  Y-pile  is  fabricated  with 
angles  of  120°,  the  components  are  equal,  therefore  the  result  is  equal 
to  one  of  them. 

p  =  the  pressure,   in   pounds  per  square  foot,   against  the  longi- 
tudinal walls  at  the  depth  considered. 
h  =  the  ordinate  at  the  center  line  of  the  pocket,  in  feet. 
I  =  the  distance  between  transverse  walls,  in  feet. 

The  suggestion  has  been  made  that  possibly  a  single  wall  of  steel 
sheet-piling  would  have  answered  for  the  cut-oif  wall  in  a  coffer-dam 
of  this  type.  A  thoughtful  analysis  of  this  idea  will  lead  to  its  abandon- 
ment almost  immediately;  first,  for  the  reason  that  this  type  of  con- 
struction, as  Mr.  Staniford's  design  shows,  requires  a  rock  fill  on 
the  inside  for  stability.  Therefore,  though  it  is  not  impracticable, 
it  is  not  good  engineering  to  attempt  to  drive  a  single  wall  of  steel 
sheet-piling  through  this  rock  fill  for  such  a  depth.  Again,  assuming 
this  cut-off  wall  to  have  been  constructed  before  any  fill  had  been 
placed:  this  would  mean  that  an  assembled  single  wall,  from  60  to  70 
ft.  in  height,  would  have  to  stand  it  vertically,  and  be  secured  only 
by  resting  on  bed-rock  and  being  supported  for  about  one-third  of 
its  height  in  harbor  silt.  Any  one  who  has  assembled  a  wall  of  this 
kind  without  first  establishing  secure  supports  for  it  knows  the  diffi- 
culty in  this  kind  of  construction.  To  support  such  a  single  wall  of 
piling  until  the  rock  fill  could  be  made  on  the  inside  of  the  coffer-dam 
and  the  clay  or  rock  fill  on  the  river  side,  would  require  a  temporary 
construction  of  timber,  which  would  make  the  cost  of  establishing  this 
timber  support  exceed  the  cost  of  building  the  cellular  type  of 
cut-off  wall  as  adopted  by  Mr.  Staniford,  which,  as  has  been  proved, 
had  sufficient  base  so  that  it  was  stable  within  itself  during  the  filling 
of  the  pockets  and  during  construction.  It  is  readily  seen  that  a 
cut-off  wall  of  cellular  type  filled  with  harbor  silt  is  absolutely  water- 
tight, and  must  have  an  advantage  in  this  respect  over  a  single  wall 
of  steel  sheet-piling. 

The  conditions  at  the  Forty-sixth  Street  Pier,  when  thoroughly 
analyzed,  show  that  the  bed-rock  sloped  toward  the  river  and  had  a 
very  uneven  surface,  with  little  clay  overlying  it,  and  with  harbor 
silt  above  it ;  and  that  this  silt  was  the  only  available  fill  for  the  pockets. 
These  conditions,  and  also  the  extreme  depth  of  the  coffer-dam,  lead 
to  the  belief  that  Mr.  Staniford  adopted  the  best  plan  for  this  con- 
struction. The  remarkable  rapidity  of  its  construction  and  the  phe- 
nomenal success  of  the  entire  coffer-dam  are  proof  positive  that  this 
is  true. 
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Mr.  William  M.  Black,*  M.  Am.  Soc.  C.  E.  (by  letter),! — The  writer 

^^'-'^'  has  taken  great  interest  in  this  coffer-dam,  as  it  was  on  his  recommen- 
dation that  the  rock  excavation  in  the  dry  was  finally  resolved  upon, 
and  also  because  there  are  one  or  two  points  made  in  Mr.  Staniford's 
paper  regarding  the  work  of  raising  the  Maine,  which  should  be 
corrected.  When  the  piling  of  the  cylinders  of  the  Maine  coffer-dam 
was  drawn,  it  was  found,  much  to  the  surprise  of  those  in  charge, 
that,  as  well  as  could  be  judged,  there  had  been,  in  general,  no  move- 
ment of  the  lower  ends  of  the  piles  forming  the  cylinder  elements.  In 
general,  no  movement  of  the  lower  end  of  the  piling  could  be  observed 
at  all,  but,  in  one  or  two  of  the  cylinders,  it  is  believed  that  some  of 
the  piles  forming  the  inside  elements  of  some  of  the  cylinders  might 
have  been  driven  farther  down  into  the  clay  by  the  cylinder  move- 
ments. In  general,  the  movement  was  a  bending  of  the  cylinders 
without  affecting  the  level  of  the  base. 

*  Washington,  D.  C. 

t  Received  by  the  Secretary,  April  9th,  1917. 
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(1)  GENEEAL  PEINCIPLES. 


By  Messrs.  E.  A.  Stevens,  Clifford  Eichardson,  Edward  Whitwell, 
E.  W.  Stern,  W.  H.  Fulweiler,  Walter  Buehler,  W.  M.  Kinney, 
J.  A.  Johnston,  C.  D.  Pollock,  C.  E.  Mickey,  Prevost  Hubbard, 
George  E.  Hemstreet,  Samuel  Whinery,  T.  M.  Eipley,  James  W. 
EouTH,  C.  E.  Allen,  Jr.,  Will  P.  Blair  and  Maurice  B.  Green- 
ouGH,  and  William  C.  Perkins. 


Stevens. 


Mr.  E.  a.  Stevens,*  M.  Am.  Soc.  C.  E.  (by  letter) .f — The  Committee 

is  to  be  congratulated  on  its  Progress  Eeport.  The  field  is  very  large, 
and  presents  many  difficulties.  In  many  cases  it  becomes  necessary 
to  use  the  best  available  material,  even  though  it  is  not  in  all  ways 
suitable;  in  others,  none  but  the  best  obtainable  can  be  considered. 
It  is  naturally  impossible  to  cover  such  essentially  different  conditions 
under  concise  and  definite  descriptions. 

Without  any  desire  to  find  fault  with  the  admirable  work  of  the 
Committee,  but  to  place  before  it  some  of  the  difficulties  that  arise  in 
applying  the  policy  outlined  in  the  report  to  one  field  of  work,  the 
following  is  submitted  for  consideration. 

Grades.- — On  grades  as  steep  as  12%  it  can  hardly  be  admitted  that 
good  practice  admits  the  use  of  broken  stone  or  gravel.  The  length  of 
gradient,  of  course,  is  a  factor.  Not  even  the  best  of  care  can  pre- 
vent the  formation  of  ruts,  especially  after  a  snowfall.  In  such  cases, 
the  erosive  action  of  the  melted  snow  will  quickly  cut  ruts  in  the 
road  metal  at  such  a  grade.  In  the  case  of  long  runs,  this  action 
becomes  destructive.  It  must  be  recalled  that  the  greatest  crowns 
recommended — 1  in.  for  gravel  and  |  in.  for  macadam — correspond  to 
cross-grades  of  8  and  6  per  cent.  At  12%  grade,  therefore,  water  will 
tend  to  follow  the  road  instead  of  draining  from  it,  and  this  tendency 
is  encouraged  by  the  slightest  longitudinal  depression.  The  main- 
tenance of  earth  shoulders  also  becomes  expensive. 

It  cannot  be  denied  that  many  gravel  and  macadam  roads  are  being 
maintained  at  excessive  grades.  In  the  writer's  experience,  there  are 
two  reasons  for  this :  first,  the  cost  of  maintenance  for  the  steep  grades, 
apart  from  the  rest  of  the  road,  is  not  known;  second,  means  are  not 
available  for  a  suitable  surfacing,  such  as  hill-side  brick  or  stone  block. 
Even  at  the  cost  of  a  temporary  slighting  of  the  rest  of  the  road,  it 
would  seem  wise  to  consider  paving  stretches  of  any  great  length  over 
8%  in  grade  with  block  from  gutter  to  gutter. 

*  Hoboken,   N.   J. 

t  Received  by   the   Secretary,   January   19th,   1917. 
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The  other  grades  given  are  open  to  some  criticism.  There  seems  Mr. 
to  be  little  or  no  reason  for  the  difference  allowed  between  bituminous  ^*®^^°''- 
surface  and  bitumiijous  macadam.  The  actual  surfaces  of  these  types 
are  the  same,  they  differ  in  strength.  It  w^ould  almost  seem  as  if 
''bituminous  surface"  and  "bituminous  concrete"  had  been  transposed 
in  i)rintiug.  For  the  latter,  which  is  much  more  slippery  than  "bitu- 
minous surface",  though  it  affords  a  better  foothold  either  for  horse 
or  motor  vehicle  tires  than  sheet-asphalt,  6%  is  surely  a  maximum 
grade. 

Width. — For  the  reasons  set  forth  in  the  report,  attention  should  be 
drawn  to  the  need  of  increased  width  on  the  inner  sides  of  curves,  and, 
where  speeds  are  high,  to  the  inadvisability  of  change  in  cross-section 
so  as  to  "bank"  the  curve.  These  features  promote  both  safety  and 
economy. 

Thickness. — Too  much  weight  cannot  be  given  to  the  principle  that 
the  bearing  power  of  the  sub-base  is  an  important  factor  in  determin- 
ing thicknesses  of  road  surfaces. 

Crown. — Good  road  gravel  furnishes  about  the  best  surface  for 
high  speeds,  up  to  its  load-bearing  capacity.  For  high  speeds,  a  crown 
of  1  in.  per  ft.  becomes  absolutely  dangerous  and  highly  uneconomical. 
As  pointed  out,  gravel  is  often  used  on  roads  where  speeds  are  low; 
even  then,  if  well  maintained,  f  in.  seems  to  be  as  high  a  crown  as  it 
is  wise  to  use. 

Clifford  Eichardson,*  M.  Am.  Soc.  C.  E. — This  report  is  a  valu-  Mr. 
able  contribution  to  the  literature  of  the  subject,  but  is  open  to  'gojj, 
criticism  in  some  respects. 

It  is  stated  that : 

"Certain  materials,  or  results  of  using  materials,  for  highway  sur- 
facings  will  be  unsatisfactory  outside  of  certain  limits  of  grades. 
Conservative  practice  has  fixed  the  maximum  limits  for  satisfactory 
results  with  grades,  as  follows: 

Kind  of  Roadway.  Maximum  Grade. 

*******  ### 

Bituminous    surface 6.0% 

Bituminous    macadam 8.0% 

Bituminous    concrete 8.0% 

Sheet-asphalt 5.0% 

*******  ^«.*# 

It  would  appear  that  the  Committee  is  composed  entirely  of  eastern 
men.  and  that  they  are  not  informed  in  regard  to  common  practice  in 
the  West,  especially  in  regard  to  sheet-asphalt  pavements,  which  has 
extended  over  many  years.  Mr.  Tillson,  however,  a  member  of  the 
Committee,  in  his  book  '^Street  Pavements  and  Paving  Materials",! 

*  New  York  City. 

t  Second  Edition,  p.  233. 
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Mr.      cites  instances  where  the  grade  permitted  for  pavements  of  this  type 
Bon.      has  been  as  high  as  17%,  as  shown  in  the  following  quotation: 

"One  of  the  objections  made  to  asphalt  is  on  account  of  its  slip- 
periness  and  the  liability  of  horses  falling  when  they  come  off  from 
a  rough  stone  surface  to  the  smooth  asphalt.  There  is  some  reason 
for  this,  but  as  asphalt  pavements  increase  in  quantity,  horses  will 
become  more  accustomed  to  them  and  learn  to  adapt  themselves  to 
the  smooth  surface.  Asphalt  itself,  contrary  to  the  general  belief,  is 
not  slippery.  It  is  smooth,  and  any  soft  substance  upon  a  smooth 
surface  makes  it  slippery, 

"Asphalt  pavements  should  be  kept  clean  and  then  there  will  be 
less  trouble  on  account  of  horses  slipping.  Asphalt  is  much  less 
slippery  when  dry  than  when  slightly  damp  or  moist.  It  is  well  known 
to  truckmen  that  horses  travel  on  a  smooth  pavement  much  more 
easily  during  a  heavy  rain  than  in  a  drizzle.  A  certain  amount  of 
street  detritus  must  collect  on  any  smooth  pavement,  and  when  rain 
falls  in  a  quantity  sufficient  to  wet  it  only  rather  than  wash  it  clean, 
it  must  be  slippery  to  a  certain  extent. 

"The  question  as  to  what  is  the  steepest  grade  on  which  it  is  safe 
to  lay  asphalt  has  received  a  great  deal  of  study.  When  the  material 
was  first  introduced  grades  of  four  per  cent,  were  considered  pro- 
hibitory, and  very  little  was  laid  on  those  exceeding  3  per  cent.,  but 
practice  soon  showed  that  this  was  too  conservative  a  view,  and  as  a 
result  pavements  have  been  laid  successfully  and  quite  frequently  on 
grades  as  high  as  7  and  8  per  cent.,  and  in  Scranton,  Pa.,  there  is  a 
portion  of  one  street  that  has  a  grade  of  12^  per  cent.  It  was  said  to 
have  been  placed  on  this  particular  block  for  the  sake  of  preventing 
traffic,  but,  strange  to  say,  it  has  not  done  so,  and  the  City  Engineer 
says  that  after  several  years'  use  no  great  trouble  has  been  experienced 
with  it. 

"Fig.  16  represents  a  profile  of  a  portion  of  Bates  Street,  Pitts- 
burgh, Pa.  This  shows  that  the  elevation  of  the  grade  increased  from 
188.21  at  the  property  line  to  209.63  at  a  point  200  feet  distant,  making 
an  average  rise  of  10.7  per  cent.  Instead,  however,  of  making  a  uni- 
form grade,  these  points  were  connected  by  a  vertical  curve,  making 
in  one  section  a  grade  of  17.1  per  cent.,  and  in  the  first  80  feet  the 
minimum  rate  is  12.4  per  cent.  This  street  is  paved  with  sheet 
asphalt,  and  without  doubt  has  the  steepest  grade  of  any  street  in  the 
world  paved  with  that  material." 

The  speaker,  in  "The  Modern  Asphalt  Pavement"  has  called  atten- 
tion to  the  entirely  satisfactory  way  in  which  sheet-asphalt  surfaces 
have  behaved  on  grades  as  high  as  10%,  as  follows : 

"Grades  of  Streets  on  which  Asphalt  Pavements  may  be  Con- 
structed.— The  general  impression  has  gained  ground,  very  naturally, 
that  asphalt  pavements  are  unsuited  to  grades  of  more  than  4  to  5 
per  cent.  This  is  an  erroneous  conclusion  may  be  seen  from  the  fact 
that  in  1890  an  asphalt  surface  was  laid  in  Washington,  D.  C,  on 
Thirty-fourth  Street,  N.  W.,  from  M  Street  to  Prospect  Strfeet,  275 
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feet  long,  the  grade  of  which  is  9.74  per  cent.,  and  that  in  Kansas  City,      Mr. 
Mo,,  the  following  streets  have  been  constructed  with  the  grades  given,  "'son'^*' 

Gr.ades  in  K.-vnsas  City,  Mo.,  for  Asphalt  Pavements. 

Year  Laid.  Street.  Grade. 

1898       JefiEerson  Street,  18  to  20 12.5% 

1895       nth  Street,  Maine  to  Wyandotte 7.5 

1897       Troost  Avenue.  19  to  Belt  Line 8.0 

1895       Central  Street,  16  to  l~th 10.0 

1894       Forest  Avenue,  Independence  to  8 8.0 

"All  of  these  streets  are  in  constant  use  and  are  satisfactory  except 
on  occasions  where  a  thin  coating  of  moisture  has  become  congealed 
on  the  surface.  Several  of  the  streets  in  Kansas  City  are  only  paved 
with  asphalt  in  the  center,  the  sides  having  a  stone  or  brick  surface. 
Nevertheless,  the  asphalt  surface  is  universally  used  in  preference  to 
the  brick  or  stone,  and  appears  to  be  no  more  slippery  even  under  the 
most  trying  conditions.  Wliere  a  film  of  ice  causes  the  asphalt  to  be 
slippery,  traffic  is  diverted  to  other  streets  with  lighter  grades,  rather 
than  to  the  brick  or  stone.  As  a  matter  of  fact  the  limiting  conditions 
in  determining  the  extent  to  which  the  steepness  of  a  grade  will 
prevent  the  use  of  an  asphalt  surface  mixture  will  depend  entirely 
upon  the  climate  and  the  nature  of  the  traffic  which  uses  the  street. 
Eight  per  cent,  is  not  an  excessive  grade  under  ordinary  eastern  con- 
ditions, while  in  a  climate  like  Seattle,  Wash.,  a  10  per  cent,  or  12 
per  cent,  grade  is  quite  possible." 

In  addition  to  the  foregoing  data  the  speaker  would  say  that  in  1906  a 
sheet-asphalt  surface  was  laid  on  Miami  Street,  Wabash,  Ind.,  on  a 
grade  of  9^%,  which  is  in  constant  use,  and  was  reported  to  him  when 
he  visited  that  locality  in  1911,  as  being  entirely  satisfactory  and  not 
more  slippery  than  other  smooth  surfaces. 

It  would  seem,  therefore,  that  the  Committee  has  been  ultra- 
conservative  in  the  limits  which  it  prescribes  for  maximum  grades  of 
asphalt  surfaces. 

The  Committee  states  that: 

''The  thickness  of  the  pavement  or  surfacing,  of  course,  will  be 
dependent  largely  on  its  type,  but  it  will  also  be  affected  by  the  pres- 
ence or  absence  in  the  construction  of  an  artificial  foundation,  and,  in 
fact,  on  the  character  and  ability  of  the  base  on  which  the  surfacing 
is  to  rest." 

Apparently  by  "ability"  is  meant  "stability". 

The  terms  "artificial  foundations"  and  "artificial  surfacing"  seem 
to  be  very  loosely  used,  or  without  proper  definition.  As  it  appears  to 
the  speaker,  all  surfacing  is  artificial,  and  the  same  is  the  case  with 
foundations,  with  the  exception  of  subsoil  foundations. 

In  the  construction  of  concrete  foimdations  it  is  stated  that :  "The 
thickness  may  be  varied  sometimes  between  the  center  of  the  roadway 
and  the  sides." 

It  may  be  assumed,  following  ordinary  practice,  that  this  recom- 
mendation would  refer  to  a  lesser  thickness  at  the  sides  than  in  the 
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Richard  ^*^"^^^-  '^^^^  brings  up  a  point  to  which  attention  may  well  be  called. 
son.  In  the  speaker's  opinion  most  of  the  longitudinal  cracks  in  concrete 
surfaces  are  due  to  the  fact  that  there  is  no  proper  lateral  support  for 
the  crown  of  Portland  cement  concrete  surfaces.  They  should  be 
built  with  a  greater  thickness  at  the  sides  than  in  the  center,  in  order 
to  form  an  arch  which  will  give  the  surface  greater  stability.  In  city 
streets,  of  course,  the  curb  aids  in  this,  but  in  country  roads  it  is  a  very 
great  mistake  to  place  concrete  without  any  lateral  support.  Longi- 
tudinal cracks  are  the  natural  sequence  of  omitting  this.  The  Com- 
mittee apparently  realizes  this  when,  in  considering  the  matter  of 
"Shoulders  and  Gutters"  it  states: 

"The  line  or  strip  of  contact  between  a  cement-concrete  roadway 
and  the  flanking  material  of  the  shoulders  being  the  zone  of  weakness 
under  traffic,  it  is  important  to  accommodate  the  traffic  and  to  protect 
the  roadway  as  well  as  the  shoulders  from  the  formation  of  ruts  along 
this  line." 

Attention  should  be  also  called  to  the  fact  that,  in  the  construc- 
tion of  concrete,  the  character  of  the  sand  in  use  should  receive  as 
much  care  as  the  cement.  The  former  should  be  tested,  as  well  as 
the  latter. 

The  provision  that 

"Whenever  comprehensive  specifications  are  to  be  prepared,  •  so  as 
to  admit  a  variety  of  types  of  bituminous  materials,  separate  specifica- 
tions, as  may  be  necessary,  should  be  prepared  for  each  type" 

is  an  important  one.  It  has  been  evident  for  some  time  that  a  blanket 
specification  covering  all  types  of  bitumen  is  entirely  unsatisfactory. 
The  Committee  is  to  be  congratulated  on  recognizing  this  fact  and 
bringing  it  to  the  attention  of  engineers. 

In  describing  the  material  for  broken  stone  roads  it  is  provided 
that  this  "should  be  clean,  rough-surfaced,  sharp-angled,  etc." 

What  is  meant  by  "rough-surfaced"  ?  The  fragments  should  cer- 
tainly not  be  "sharp-angled",  but  very  obtuse.  The  use  of  such  a  term 
is  unfortunate. 

The  authors  of  the  report  seem  to  realize  that  there  is  no  accurate 
correspondence  between  the  size  of  the  opening  in  a  screen  and  that 
of  the  material  which  it  will  pass,  and  that  this  size  is  very  largely 
dependent  on  the  angle  at  which  the  screen  is  placed  and  on  the 
rapidity  with  which  it  revolves.  For  these  reasons,  confusion  may 
exist  between  the  commercial  designation  of  the  size  of  the  stone  and 
that  determined  in  the  laboratory. 

The  difficulty  with  reference  to  specifications  mentioned  by  Mr. 
Hemstreet  can  be  illustrated  by  a  parallel  case.  If  it  is  merely  specified 
that  an  ideal  cement  be  used  in  concrete,'  without  differentiating 
between  the  natural,  the  slag,  and  the  Portland  cements,  it  would  be  a 
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parallel  state  of  affairs.     Portland  cement  is  recognized  as  being  in      Mr. 
an  entirely  different  class  from  the  others,  and,  if  it  is  wanted  it  is    '^q*^ 
specified.     Why  not  have  alternate  specifications  with   regard  to   the 
asphalts,  which  also  differ  in  source  and  perhaps  in  quality. 

The  quantity  of  bitumen  used  in  a  broken  stone  road  would  depend 
largely  on  the  character  of  the  stone.  For  instance,  take  two  sheets 
of  glass,  one  of  polished  and  the  other  of  ground  glass,  the  latter,  on 
account  of  its  surface,  will  naturally  carry  a  larger  quantity  of 
bitumen  than  the  polished  glass;  and  the  same  principle  applies  in 
the  relation  of  bitumen  to  broken  stone. 

On  one  or  two  occasions  the  speaker  has  called  attention  to  the 
fact  that  the  English  practice  in  laying  blocks  of  Baltic  pine  seems  * 

to  be  most  desirable.  It  is  the  custom  to  place  the  blocks  on  a  Port- 
land cement  foundation  and  then  fill  the  lower  half  of  the  interstices 
between  the  blocks  with  coal-tar.  Water  at  the  bottom  of  the  block 
causes  the  damage;  it  comes  from  the  bottom  rather  than  from  the 
surface.  Therefore  the  bituminous  material  should  be  poured  in  first, 
in  order  to  water-proof  the  joints  at  the  bottom;  then  the  Portland 
cement-grout  should  be  added,  and  that  prevents  the  bleeding  of  the 
coal-tar  under  the  summer  sun,  and  makes  an  excellent  form  of 
construction. 

Edward  Whitwell,*  Esq.  (by  letter).! — Eef erring  to  Table  1,  it  is  Mr. 
noted  that  the  recommendations  fall  distinctly  short  of  those  called  for  W^itweii. 
in  European  practice,  particularly  British,  and  especially  with  regard 
to  "broken  stone"  and  "macadam."  The  experience  of  the  English  road 
experts  has  led  to  their  minimum  being  quite  30%  higher  than  that  of 
the  Committee.  As  a  matter  of  fact,  the  Roads  Board,  which  now  con- 
trols the  whole  of  the  main  highways  in  Great  Britain,  arrived  at  a 
table  of  suitable  standards,  variable  of  course  to  traffic  requirements, 
which  fully  coincides  with  this  higher  figure. 

E.  W.  Stern,$  M.  Am.  See.  C.  E. — In  connection  with  the  ques-  ^Mr. 
tion  of  grades,  the  speaker's  observations  have  led  him  to  believe  that 
one  bituminous  surface  is  quite  as  slippery  as  another.  Even  the 
asphalt  block  pavement  which  originally  was  supposed  to  be  less 
slippery  for  horses,  has,  under  automobile  traffic,  become  almost  like 
sheet-asphalt.  The  oil  drippings  from  the  automobiles  work  into  the 
surface  of  the  pavement  and  soften  it,  and  the  traffic  irons  it  into  a 
homogeneous  surface  which  is  quite  slippery.  It  is  often  difficult 
to  distinguish  the  joints.  The  speaker,  therefore,  believes  that  all 
the  bituminous  surfaces  should  be  classed  together  as  regards  their 
slipperiness. 

*  President,    Institution   of  Municipal   Engineers,   London,   England. 
t  Received  by  the  Secretary,  January  19th,   1917. 
t  New  York  City. 
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Mr.  As   regards  limiting  the  gradients,   there   are   many   sheet-asphalt 

streets  in  New  York  City  on  which  the  grades  are  greater  than  5%, 
and  they  are  quite  satisfactory.  One  case  in  particular  is  quite  in- 
teresting; namely,  that  of  West  End  Avenue,  north  of  96th  Street. 
There  is  a  grade  there  of  6  per  cent.  The  pavement  is  sheet-asphalt. 
Near-by  is  96th  Street  having  a  granite  block  pavement  with  a  grade 
of  7  per  cent.  Heavy  horse-drawn  trucks  climb  the  sheet-asphalt 
street  in  preference  to  the  granite,  in  order  to  save  the  difference  in 
grade  of  1  per  cent.  The  truck  drivers  do  not  seem  to  mind  the  6% 
grade  on  the  sheet-asphalt,  as  the  horses  are  shod  for  it.  This  street 
is  used  all  winter  by  heavily  laden  horse-drawn  trucks. 

New  York  City  has  many  streets  on  which  the  grade  is  as  high 
as  8  or  9%,  and  the  speaker  has  frequently  asked  the  Board  of  Estimate 
for  permission  to  lay  sheet-asphalt  on  these  grades,  the  Board  having 
limited  the  grade  for  sheet-asphalt  to  5  per  cent.  If  the  traffic  were 
altogether  horse-drawn,  perhaps  there  might  be  some  excuse  for 
going  back  to  the  practice  of  the  old  days,  but  traffic  is  changing  so 
rapidly  to  motor-drawn  vehicles  that  it  is  thought  that  grades  on 
sheet-asphalt   streets   could   properly  be   increased. 

There  are  many  examples  in  New  York  City  that  confirm  Mr. 
Richardson's  statement  as  regards  the  preference  of  drivers  for  sheet- 
asphalt.  On  110th  Street,  between  Amsterdam  and  Colvmibus  Avenues, 
the  grade  is  5%,  there  is  a  granite  pavement  in  the  middle  of  the 
roadway,  and  on  each  side  of  it  there  is  a  strip  of  asphalt  about 
8  ft.  wide.  The  speaker  has  noted  that  the  truckmen  in  going  up 
that  grade  invariably  take  the  sheet-asphalt  in  preference  to  the 
granite.  On  Park  Avenue  the  same  thing  has  been  noticed.  There 
are  some  blocks  on  this  avenue  where  there  used  to  be  strips  of  granite 
along  the  sides  with  sheet-asphalt  in  the  middle.  Truckmen  did  not 
take  to  the  granite  strips,  but  preferred  the  sheet-asphalt;  hence, 
these  strips  of  granite  have  been  replaced  with  sheet-asphalt  in  order 
to  reduce  the  noise,  as  many  complaints  had  been  received  regarding 
this. 

With  reference  to  broken  stone  roadways,  the  speaker's  observa- 
tions have  led  him  to  believe  that  if  such  surfaces  are  used  for  12% 
grades,  at  the  end  of  every  heavy  rainstorm  a  great  deal  of  the 
svirface  material  will  be  down  at  the  bottom  of  the  grade.  The 
speaker  believes  that  such  grades  are  altogether  too  steep  for  this 
material  for  a  permanent  roadway. 

With  cement  concrete  the  grades  may  be  much  higher.  The 
speaker  is  informed  that  in  Sioux  City,  Iowa,  there  are  grades  as  high 
as  18%,  and  in  Portland,  Ore.,  as  high  as  20  per  cent.  The  surface 
is  not  nearly  as  slippery  as  sheet-asphalt,  not  being  slick,  but  more 
like  sandstone.  The  speaker  believes  that  the  limit  of  8%  for  this 
type,  suggested  by  the  Committee,  can  be  raised  considerably ;  also,  that 
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for  brick  with   cement-grout  filler  the  limit   can  be  raised,   for   the    Mr. 

Stern, 
same  reasons  as  given  above. 

It  is  really  unfortunate  that  wood  block  is  the  most  slippery  pave- 
ment of  all  because  it  has  many  valuable  qualities.  It  should  not 
be  used  on  grades  as  high  as  4  per  cent.  Though  there  are  some  strips 
with  such  grades  in  New  York  City,  continual  complaints  from  the 
police  and  others  are  received,  and  very  often  there  are  requests  for 
the  removal  of  the  wood .  block  pavements  and  the  substitution  of 
granite.  The  speaker  believes  that  2%  should  be  the  maximum  grade 
for  wood  block. 

Asphalt  has  the  advantage  over  wood  in  not  being  slippery  in 
really  wet  weather.  Wood  block  is  always  slippery  in  wet  weather; 
whether  there  is  a  drizzle  or  a  heavy  rain. 

The  speaker  takes  issue  with  the  Committee's  recommendation  that 
separate  specifications  should  be  prepared  for  each  type  of  bituminous 
material.  It  is  wrong  in  principle.  The  tendency  in  all  engineering 
specifications  for  materials  to-day  is  to  reduce  them  to  some  common 
denominator,  if  possible.  In  purchasing  structural  steel,  engineers 
want  certain  results  and  ask  for  them,  and  it  is  the  same  as  regards 
Portland  cement,  etc.  In  bituminous  materials,  engineers  are  in- 
terested largely  in  the  cementitious  value,  adhesiveness,  and  sus- 
ceptibility to  temperature  changes;  and  a  single  specification  covering 
those  properties  should  be  drawn. 

As  regards  the  use  of  joint  fillers  in  stone  block  pavements  the 
Committee  recommends  that  sand  should  never  be  used  alone  as 
a  joint  filler.     The  speaker  is  fully  in  accord  with  this. 

The  recommendation  regarding  bituminous  mastic  for  joint  filling, 
as  being  an  improvement  over  the  customary  practice  of  using  bitu- 
minous material  alone  for  this  purpose,  is  to  be  highly  commended. 
In  the  Borough  of  Manhattan,  City  of  'New  York,  some  experiments 
are  now  being  made  with  both  the  tar  and  the  asphalt  joint  filler 
by  taking  a  certain  street  and  filling  the  joints  with  tar  for  half  a 
block,  and  with  aspjialt  for  the  other  half.  An  attempt  is  also  being 
made  to  obtain  the  effect  of  a  mastic  joint  by  putting  in  as  much 
fine  sand  as  possible.  The  speaker  believes  that  the  more  sand  one 
can  put  into  the  bituminous  material,  provided  it  is  thoroughly  mixed, 
the  better  the  joint  will  be. 

One  matter  which  should  be  brought  to  the  attention  of  the  Com- 
mittee is  a  desirable  joint  for  block  pavements  on  steep  grades.  It 
is  a  p\izzling  question.  If  laid  with  open  joints  and  with  a  bitu- 
minous filler,  the  blocks  round  off  in  time  under  heavy  traffic,  and 
get  noisy.  In  time  the  filler  works  out  and  leaves  the  joints  open, 
and  then,  of  course,  there  is  a  better  foothold  for  horses.  A  joint 
made  with  Portland  cement  grout  is  too  slippery,  though  it  has  been 
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Mr.  reported  that  some  stretches  have  been  made  with  a  |-in.  raked  joint 
■  of  that  material.  The  speaker  has  noticed,  in  some  of  the  technical 
papers,  a  description  of  another  type,  used  on  steep  grades,  namely, 
a  block  pavement  laid  toothed  or  saw-shaped.  It  is  suggested  that 
the  Committee  investigate  the  matter  a  little  further,  as  it  is  ex- 
tremely important. 

Mr.  W.  H.  Fulweiler,*  Assoc.  M.  Am.  See.  C.  E. — Attention  is  called 

to  what  appears  to  be  an  error  in  maximum  grade,  particularly  as  the 
maximum  for  cement-concrete  is  given  at  8% ;  bituminous  surfaces 
6% ;  and  brick  with  cement-grout  filler  6  jjer  cent. 

In  West  Broadway,  Baltimore,  Md.,  there  was  a  grade  that  approxi- 
mated 8%  on  a  cement-grout  brick  pavement.  That  surface  was 
usually  satisfactory,  but  at  certain  times  heavily  loaded  teams  could 
not  get  up  the  grade  comfortably,  and  were  compelled  to  make  a  detour 
of  several  blocks.  An  experimental  bituminous  surface  was  laid  on 
that  street,  and  the  teamsters  no  longer  had  to  make  a  detour.  They 
could  go  straight  up.  The  speaker  is  of  the  opinion  that  the  bituminous 
surface,  when  applied  properly,  should  be  given  at  least  the  maximum 
grade  of  the  brick. 

A  certain  cement-concrete  road  in  New  York  State  had  some,  fairly 
stifF  grades.  During  the  first  winter  after  it  was  finished,  teamsters 
had  great  difficulty  in  climbing  some  of  the  grades,  and  were  compelled 
to  drive  on  the  shoulders,  to  their  great  detriment.  However,  after  a  ■ 
bituminous  surface  had  been  applied  on  this  concrete,  the  grades  were 
taken  with  ease. 

The  last  paragraph  under  "Materials"  opens  up  an  exceedingly 
important  phase  of  the  whole  discussion  of  specifications.  It  is  the 
speaker's  opinion  that,  due  to  ignorance  of  the  fundamental  require- 
nients  of  the  materials  used,  many  specifications  are  not  specifications 
at  all,  but  are  descriptions.  They  are  descriptions,  in  more  or  less 
technical  language,  of  certain  commercially  available  products.  They 
bear  no  resemblance  whatsoever  to  specifications  for  iron  or  steel,  or 
for  cement,  because  in  such  cases  engineers  have  agreed  that  they 
require  for  the  work  to  be  done  certain  physical  effects;  and  they  pro- 
ceed, by  means  of  tests,  to  secure  in  the  material  those  particular 
physical  results. 

Now,  in  bituminous  materials,  unfortunately,  knowledge  of  the 
requirements  and  of  the  physical  phenomena  underlying  those  require- 
ments is  so  meager  at  present  that  engineers  are  not  able,  either  to 
develop  tests,  or  to  come  to  an  agreement  as  to  just  what  qualities  are 
required,  or  what  results  those  qualities  must  present.  Thus  they 
must   use   descriptions   of   certain   available   grades   of   material    that 

*  Wallingford,  Pa. 
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experience  or  inference — frequently   inference — would  indicate  would       Mr. 
probably  be  satisfactory  for  the  purpose.  Fuiweiier. 

One  of  the  greatest  works  that  this  Committee  could  do  would  be 
to  endeavor  to  collect  certain  data,  such  as  would  enable  it  to  present 
to  the  Engineering  Profession  at  large  a  clearer  idea  of  the  qualities 
that  those  materials  should  possess,  and  an  idea  of  the  results  required 
for  specific  purposes.  It  is  a  confession  of  weakness  to  recommend 
such  specifications,  and  it  is  an  unfortunate  state  of  affairs.  How- 
ever, the  speaker  believes  that  the  research  work  now  being  done  in 
many  parts  of  the  country  will  eventually  result  in  a  general  agree- 
ment as  to  the  qualities  necessary  and  the  tests  whereby  those  qualities 
may  be  expressed  in  actual  figures. 

Walter  Buehler,*  M.  Am.  Soc.  C.  E. — The  speaker  believes  that  Mr. 
the  slipperiness  of  wood  block,  mentioned  by  Mr.  Stern,  is  a  matter  """^  ^^' 
which  can  be  taken  care  of  very  easily  by  proper  construction.  If  a 
bituminous  filler  is  used  and  is  applied  with  squeegees,  and  this  is 
followed  by  an  application  of  sharp  sand,  which  is  allowed  to  remain 
under  traffic  for  2  or  3  months,  and  sprinkled  so  that  it  will  not  be 
blown  about  and  become  a  nuisance,  the  rough  surface  thus  obtained 
is  far  from  slippery.  At  the  present  time,  the  City  of  Minneapolis 
has  about  70  miles  of  creosoted  block  pavements,  nearly  all  of  which 
are  of  Southern  pine,  laid  in  this  way,  and  to  the  speaker's  knowledge, 
there  has  never  been  a  complaint  of  slipperiness. 

In  Table  1  of  the  report,  under  "Thickness  of  Wearing  Course," 
the  minimum  for  wood  block  pavement  is  given  at  3^   in.     On  the 
business  streets  of  a  great  many  small  cities  in  the  West,  and  on  the 
residence  streets  of  the  larger  cities,  3-in.  blocks  have  been  and  are  , 
used  quite  successfully. 

There  is  a  new  form  of  construction  in  which  the  sand  cushion  is 
eliminated  entirely  and  the  blocks  are  placed  directly  on  the  concrete 
which  has  been  prepared  with  a  smooth  surface  and  painted  with 
pitch,  with  blocks  as  shallow  as  2^  in.  This  construction  is  now  being 
advocated  by  some  of  the  wood  block  manufacturers,  who  base  their 
recommendations  on  experience  with  the  shallower  blocks.  The  speaker 
would  not  recommend,  at  this  time,  a  minimum  thickness  of  2^  in., 
but  would  suggest  that  the  report  be  amended  to  read  3  in.,  instead 
of  3J  in. 

It  is  the  speaker's  opinion  that  sand  should  never  be  used  for  a 
filler  in  wood  block  pavements.  It  is  true  that  there  are  some  con- 
ditions under  which  its  use  may  result  successfully,  for  example, 
in  narrow  streets  having  very  heavy  traffic;  but,  under  ordinary 
conditions,  a  bituminous  filler  should  be  used.  It  is  a  mistake  to  ram 
the  blocks  together  so  closely  that  it  is  impossible  to  put  in  a  filler. ' 

*  Chicago,  in. 
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Mr.  W.  M.  Kinney,*  Assoc.  M.  Am.  Soc.  C.  E. — In  recommending  for 

Kinney,  ^.gj^gjj^  concrete  surfaces  a  maximum  grade  of  8%,  the  Committee  has 
apparently  failed  to  take  cognizance  of  the  successful  use  of  pave- 
ments of  this  type  on  grades  as  steep  as  16  per  cent.  In  Duluth, 
Milwaukee,  Seattle,  Chehalis,  Washington,  and  Sioux  City,  grades 
of  more  than  8%  are  in  constant  use,  the  following  extract  from  a 
letter  from  T.  H.  Johnson,  City  Engineer,  of  Sioux  City,  being  typical 
of  the  successful  use  of  concrete  on  such  grades: 

"The  idea  that  concrete  is  not  adapted  to  grades  above  6%  is 
wrong.  We  have  in  use  5^  miles  ranging  from  6  to  9%,  2  miles  from 
9  to  12%,  0.2  mile  from  12  to  15%,  and  0.2  mile  of  16  per  cent.  All 
of  this  is  in  constant  use,  and  there  is  every  indication  that  it  has 
preference  over  other  kinds  on  similar  grades." 

It  is  difficult  to  recognize  the  fine  distinction  drawn  between  various 
types  of  pavement  under  the  heading  "Crown  Recommended"  in  Table 
2.  It  would  seem  that  the  minimum  crown  recommended  is  a  func- 
tion, not  of  the  material  of  which  the  pavement  is  constructed,  except 
in  the  case  of  gravel  and  macadam,  but  rather  of  the  possibilities  as 
to  workmanship  in  finishing  the  surface  to  the  desired  contour.  It  is 
difficult  to  understand  why  it  should  be  possible  to  construct  a  brick 
or  asphalt  pavement  to  a  more  accurate  contour  than  a  cement  con- 
crete pavement;  in  fact,  the  contrary  is  rather  the  case,  and  the  actual 
measurement  of  a  number  of  jobs  indicates  that  concrete  is  usually 
constructed  to  a  more  perfect  contour  than  either  of  the  other  types 
mentioned. 

Mr.  J.  A.  Johnston,!  M.  Am.  Soc.  C.  E. — The  thickness  of  the  "arti- 

'  ficial  foundation",  mentioned  in  the  report,  is  somewhat  misleading, 
though  the  foot-note  states:  "Not  including  extraordinary  provisions 
such  as  V-drains  or  sub-base  courses."  It  is  assumed,  therefore,  that 
this  thickness  of  "artificial  foundation"  is  merely  the  bottom  course 
of  such  surfacing  material  as  may  be  used.  The  speaker  thinks  the 
report  should  emphasize  the  absolute  necessity  of  a  sufficient  founda- 
tion to  support  such  surface  as  may  be  built.  Given  a  proper 
foundation,  less  surfacing  material  may  be  used  than  has  been  recom- 
mended as  the  minimum. 

Many  roads  are  being  constructed  in  Massachusetts  with  as  little 
as  2  in.  of  crushed  stone  and  bitumen  on  top  of  a  base  of  stone 
fragments  from  ledges  and  walls.  This  base  may  vary  from  an 
average  thickness  of  6  to  8  or  10  in.,  with  the  voids  filled  with  sand. 
Such  roads  have  been  in  place  for  5  years,  have  caused  very  little 
trouble,  and  carry  a  traffic  of  about  500  vehicles  a  day,  with  a  very 

*  Chicago,  111. 
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small   maintenance   cost.      Therefore   the   minimum   thickness   might      Mr. 
be  even  less  than  that  recommended  in  the  report. 

It  is  noted  that  the  report  gives  for  bituminous  macadam  a 
minimum  thickness  of  3  in.  The  speaker,  as  he  has  previously 
stated,  is  using  as  little  as  2  in.,  and  is  getting  good  results. 

C.  D.  Pollock,*  M.  Am.  See.  C.  E. — Attention  is  called  to  Table  1  Mr. 
in  which  the  thickness  of  the  artificial  foundation  for  stone  block  °  °^ 
is  given  as  from  5  to  12  in.,  whereas,  for  the  remaining  materials, 
it  varies  from  about  3  to  8  in.,  the  latter  being  the  maximum.  The 
speaker  questions  the  propriety  of  using  a  greater  thickness  than 
8  in.  for  the  foundation,  as  he  has  examined  foundations  over  which 
very  heavy  loads  have  passed,  in  fact,  where  the  pavement  itself  was 
hadly  damaged,  but  the  foundation  was  of  good  quality  and  6  in. 
thick,  and  there  was  no  evidence  of  its  destruction  or  damage.  It 
would  seem  that  a  depth  of  from  5  to  8  in.  would  be  ample;  more 
than  that  would  be  a  waste  of  money. 

In  the  second  paragraph  from  the  bottom  of  page  1617,  it  seems 
to  the  speaker  that  there  is  an  error  in  regard  to  the  statement  as 
to  the  mixture  of  sand  and  cement  for  grout  filler:  "Where  the  blocks 
are  of  less  resistant  material  and  conditions  demand  economy,  a 
1 : 1  mix  of  cement  and  sand  may  be  found  satisfactory."  This  state- 
ment appears  to  duplicate  the  other.    Possibly  a  1 :  2  mix  was  intended. 

C.  E.  MiCKEY,t  Assoc.  Am.  Soc.  C.  E. — The  speaker  takes  issue     Mr. 
with  the  last  paragraph  under  the  heading  "Materials :"  "^  ^^' 

"Whenever  comprehensive  specifications  are  to  be  prepared,  so  as 
to  admit  of  a  variety  of  types  of  bituminous  materials,  separate  speci- 
fications, as  may  be  necessary,  should  be  prepared  for  each  type." 

It  is  not  necessary  to  specify  for  the  products  of  different  brick 
plants,  cement  plants,  or  any  plant  furnishing  any  particular  material 
used  in  the  construction  of  pavements.  If,  as  Mr.  Stern  has  said,  a 
specification  is  adopted,  setting  forth  the  requirements  and  suggesting 
the  conditions  which  may  exist  for  a  pavement  that  is  being  considered, 
that  would  be  sufficient.  There  are  a  number  of  material  men  who 
are  trying  to  dominate  city  boards,  by  means  of  classifying  specifi- 
cations, particularly  on  asphalt.  They  do  this  by  submitting  specifica- 
tions to  the  village  or  city  boards  on  Class  A  asphalt  and  Class  B 
asphalt.  One  of  the  large  asphalt  companies,  now  doing  business  in 
America,  usually  sees  that  it  is  to  its  advantage  to  have  Class  A 
adopted,  which  sets  forth  its  brand.  In  Nebraska,  Iowa,  Kansas,  and 
Missouri,  engineers  are  getting  away  from  this  classified  specification. 
and  are  using  a  single  specification  for  asphalt  and  asphaltic  cement. 

*  New  York  City. 
t  Lincoln,  Nebr. 
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Mr.      The  speaker  cannot  see  that  it  is  any  more  advantageous  to  adopt 
a  ic  ey.  Qjg^gg  ^  £qj,  qj^q  asphalt  than  it  would  be  to  adopt  Class  A  for  one 
particular  brick,  providing  that  the  specifications  set  forth  the  quality 
and  kind  of  materials  or  pavement  wanted. 

In  answer  to  Mr.  Richardson  on  the  cement  proposition,  the  Amer- 
ican Society  for  Testing  Materials  has  set  forth  the  requirements  for 
Portland  cement,  and  these  are  being  used  all  over  the  country  in 
specifications  for  that  material.  The  physical  properties  are  specified, 
and  engineers  are  pleading  ignorance  when  they  specify  in  any  other 
way  for  any  other  material. 

Mr.  Prevost  Hubbard,*  Assoc.  Am.  Soc.  C.  E. — Mr.  Mickey  has  brought 

up  a  very  important  point  for  consideration,  and  one  on  which  the 
Committee  might  well  express  an  opinion,  either  in  an  appendix  to 
this  report,  or  in  a  future  report.  The  matter  of  alternate  type 
specifications  and  blanket  specifications  has  been  greatly  misunder- 
stood and  abused,  so  far  as  their  application  is  concerned.  The 
alternate  type  specification  is  prepared,  primarily,  to  secure  satisfactory 
materials  of  different  types.  If  they  are  included  in  the  same  specifi- 
cation, these  types  should  presumably  be  equal  in  value,  so  far  as  ulti- 
mate results  are  cpncerned.  The  selection  of  the  type,  then,  if  two 
or  more  types  are  included  in  the  specifications,  should  not  be  at  the 
option  of  the  engineer,  but  at  that  of  the  contractor.  In  other  words, 
the  type  which  could  be  procured  for  the  lowest  price  should  be 
accepted.  Now,  as  a  matter  of  fact,  that  practice  is  seldom,  if  ever, 
followed,  and  the  alternate  type  specification  is  made  the  basis  for 
forcing  into  use  certain  trade  products,  which  may,  perhaps,  and 
usually  do,  cost  more  than  the  cheapest  type  of  equivalent  value. 

Nothing  has  been  said  about  the  construction  of  bituminous  roads 
from  a  very  soft  coraline  rock.  In  Florida  this  rock  has  been  used 
successfully  in  roads  of  bituminous  macadam  types,  whereas,  in  New 
York  State,  it  would  be  suitable  only  for  hot  surface  treatment. 

George  B.  Hemstreet,!  Esq. — The  speaker  does  not  agree  with  the 
first  speaker,  who  took  issue  with  the  Committee.  His  jjroposition  is 
understood  to  be  that  he  would  dump  all  kinds  of  bitumens  into  one 
pot  and  have  one  specification  to  cover  it  all.  In  the  United  States 
the  term  "bitumen"  includes  coal-tars,  water-gas  tars,  and  all  the 
varieties  of  asphalt.  By  making  one  specification  to  cover  all  classes 
of  bitumen,  the  specification  would  be  so  wide  that  practically  all  those 
substances  could  be  used  under  it.  Now — looking  at  the  matter  from 
the  buyers'  standpoint — when  the  speaker  buys  he  tries  to  draw  his 
specification  just  as  closely  as  he  can,  and  he  certainly  has  to  draw 
alternate  specifications.    If  he  wants  a  bitumen  that  comes  from  what  is 

*  Washington,  D.  C. 
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known  as  a  natural  source,  that  is,  a  natural  asphalt,  he  cannot  draw  a  Mr. 
specification  which  will  cover  that  and  also  cover  an  asphalt  made  from  H^^istreet. 
a  semi-asphaltic  or  perhaps  a  mid-continental  oil;  and  if  he  wants  a 
paraffin  base  residuum,  he  cannot  draw  a  specification  that  will  cover 
that  and  at  the  same  time  cover  asphaltic  residuum.  The  speaker  does 
not  see  how  engineers  can  get  away  from  having  the  bitumens  arranged 
in  different  classes,  if  their  specifications  are  to  be  so  close  that  they 
will  really  mean  anything. 

Samuel  Whinery,*  M.  Am.  Soc.  C.  E. — The  time  should  and  Mr. 
probably  will  come,  in  all  branches  of  engineering  work,  when  engi-  w^mery. 
neers  will  be  able  to  specify  ultimate  qualities  or  results  wanted, 
rather  than  the  qualities  in  detail  of  the  materials  to  be  used.  If  they 
knew  and  could  specify  adequately  the  qualities  requisite  in  bituminous 
paving  cement  for  the  various  types  of  bituminous  pavement  and  road 
surface,  the  kind  or  quality  of  bitumen  entering  into  its  composition 
would  not  be  important. 

As  long  as  they  think  it  necessary  to  specify  the  qualities  of  the 
bitumens  that  may  be  used  in  making  up  the  bituminous  cement,  how- 
ever, it  seems  necessary  to  provide  separate  or  alternate  specifications 
for  each.  The  different  bitumens  on  the  market  vary  so  widely  in 
their  individual,  physical,  and  chemical  characteristics  that  any .  at- 
tempt to  frame  a  general  specification  sufficiently  broad  to  admit  all 
or  several  of  them  is  likely  to  be  so  indefinite  as  to  admit  inferior 
materials  or  to  produce  a  final  product  of  inferior  quality.  It  would 
be  neither  logical  nor  fair  to  a  contractor  to  permit  him  to  use  corn- 
meal  and  require  him  to  produce  from  it  a  high  quality  of  wheat 
bread. 

In  the  present  status  of  knowledge  and  experience,  it  seems  to  be 
advisable — if  not  absolutely  necessary — if  i|;  is  desired  in  the  interests 
of  competition,  to  permit  the  use  of  different  bitumens  for  pavement 
and  road  work  and  to  provide  separate  or  alternate  clauses  of  the 
specifications  appropriate  or  proper  for  each. 

T.  M.  EiPLEY,t  M.  Am.  Soc.  C.  E. — In  New  York  State  the  range  Mr. 
of  geologic  conditions  is  probably  as  wide  as,  or  wider  than,  in  any  '^  ^^' 
other  part  of  the  country.  Under  the  same  specification,  a  stone 
delivered  from  one  quarry  will  be  entirely  different  in  shape  and 
general  character  from  the  material  from  another  quarry;  and  2 
or  2i  gal.  per  sq.  yd.  for  a  stone  of  one  kind  will  give  as  good  results 
as  2^  or  almost  3  gal.  per  sq.  yd.  with  other  kinds  of  stone,  and  the 
first  stone  would  not  have  absorbed  2|  or  3  gal.  per  sq.  yd.  The 
speaker  cannot  find  definite  recommendations  as  to  how  much  to 
use,  and  that  has  been  practically  admitted  by  the  Highway  Depart- 

*  New  York  City, 
t  Watertown,  N.  Y. 
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Mr.     ment  of  New  York  State,  for,  during  the  past  4  or  5  years,  it  has 

■  specified  from  1.65  to  3  gal.  per  sq.  yd.  on  a  penetration  bituminous 
road.  There  are  roads  in  good  condition  to-day  that  were  built  with 
1.65  gal.,  and  there  were  other  roads  built  with  2^  gal.  which  went 
to  pieces  in  2  or  3  years.  The  maximum  limit  was  raised  to  2|  gal. 
about  2  years  ago,  and  during  the  past  year  the  speaker  has  tried  to 
force  some  as  high  as  3  gal.  per  sq.  yd.  That,  as  far  as  the  speaker 
knows,  was  not  due  to  the  character  or  quality  of  the  bituminous 
material,  but  almost,  if  not  exclusively,  to  the  character  of  the  stone. 

Mr.  James  W.  Eouth,*  Assoc.  M.  Am.   Soc.  C.  E.   (by  letter). f — By 

■  incorporating  in  its  report  the  fundamental  principles  on  which 
specifications  governing  the  construction  of  each  of  the  several  types 
of  roads  and  pavements  should  be  based,  the  Committee  has  added 
materially  to  the  value  of  its  work.  Though  it  is  true  that  most  of 
these  principles  may  be  of  common  knowledge  to  the  majority  of  the 
engineers  engaged  in  road  or  pavement  construction,  nevertheless, 
many  things  of  common  knowledge  are  of  so  common  knowledge  as  to 
be  neglected  unless  sharply  brought  to  mind  from  time  to  time.  The 
statements  of  the  Committee  should  serve  an  excellent  purpose. 

'  Suh-Grade. — Too  much  emphasis  cannot  be  laid  on  the  proper 
preparation  of  the  sub-grade.  Concrete  foundations  are  a  great  aid  in 
securing  good  pavements,  but,  after  all,  the  function  of  the  concrete 
is  to  distribute  the  load  over  the  sub-grade.  If  the  load  must  be  borne 
by  it,  the  usual  depth  of  inferior  concrete  is  inadequate  for  the  pur- 
pose. Greater  thickness  and  reinforcement  are  necessary.  This  addi- 
tional expense,  however,  may  be  avoided  by  constructing  and  protect- 
ing the  sub-grade  properly. 

The  proper  construction  of  the  sub-grade  includes,  not  only  the 
careful  selection  of  materials  and  the  securing  of  uniform  compactness, 
but  provision  for  maintaining  the  sub-grade  in  proper  condition  after 
the  construction  of  the  pavement.  One  of  the  essentials  in  this  respect 
is  drainage.  It  may  be  thought  that  the  necessity  for  proper  drainage 
is  well  recognized.  Doubtless  this  is  so,  yet  consistent  violations  of 
good  practice  in  this  respect  are  to  be  observed  in  many  localities. 

With  special  reference  to  city  streets,  it  is  believed  that  sufficient 
attention  is  not  paid  to  adequate  under-drainage.  It  is  believed  that 
many  failures  of  city  pavements  are  due  solely  to  this.  The  necessity 
for  xmder-drainage,  of  course,  generally  arises  only  on  residence 
streets,  where  there  are  parkways  and  lawns  from  which  rainwater 
may  gaiin  access  to  the  sub-grade,  and  it  is  always  possible  that  the 
ground-water  letel  may  be  high.  The  latter. point  is  frequently  over- 
looked in  the  construction  of  city  pavements.    The  writer  has  in  mind 

*  Rochester,   N.  Y. 
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one  particular  instance  in  which  tile  under-drains  were  omitted  in  the  Mr. 
construction  of  a  pavement,  because  the  inspector  considered  that  the  °" 
chances  of  water  "seeping  in  behind  the  curb"  were  small.  A  casual 
inspection,  however,  disclosed  the  fact  that  the  ground-water  level 
was  high,  and  the  soil  was  such  as  to  make  an  luistable  sub-grade 
unless  proper  drainage  was  provided.  The  writer  believes  that  better 
and  wider  recognition  of  this  feature  of  paVement  construction  is 
needed,  and  that  at  least  a  plain  statement  of  the  case  should  be 
included  in  the  final  report  of  the  Committee. 

Expansion-Contraction  Joints. — Under  the  heading  "Expansion- 
Contraction  Joints",  the  report  states  that  such  joints 

"At  intervals  across  certain  types  of  pavements,  such  as  brick  and 
cement-concrete,  as  well  as  along  the  curbs,  have  been  used  to  com- 
pensate for  more  or  less  unavoidable  movement  of  the  pavement  slab." 

With  special  reference  to  brick  pavements,  there  is  a  marked  ten- 
dency on  the  part  of  some  engineers  no  longer  to  provide  transverse 
joints ;  and  some  very  excellent  pavements  are  to  be  seen  which  have  no 
such  joints.  It  may  also  be  said  that  there  are  pavements  to  be  seen 
which  seem  to  indicate  the  need  of  them.  Would  it  not  be  possible 
fbr  the  Committee  to  express  an  opinion  as  to  the  necessity  for  trans- 
verse joints  ? 

C.  R.  Allen,  Jr.,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter) .f—Z^nes  Mr. 
and  Grades. — The  writer  thinks  the  Committee  has  placed  the  -^ii^^- 
maximum  grade  for  broken  stone  roads  too  high.  Either  a  gravel  or 
broken  stone  roadway  on  a  12%  grade  is  almost  sure  to  be  somewhat 
displaced  or  damaged  by  heavy  showers,  but  as,  in  general,  gravel  road- 
ways can  be  more  easily  repaired,  it  is  thought  that  they  should  be 
left  at  12%  and  broken  stone  roadways  reduced  to  10  per  cent. 

The  Committee  gives  two  maximum  grades  for  brick,  roadways, 
the  difference  being  in  the  filler  used.  It  seems  to  the  writer  that  a 
better  line  on  which  to  divide  the  two  classes  would  be  as  to  whether 
joints  are  or  are  not  filled  flush  with  the  surface.  Satisfactory  brick 
pavements  have  been  laid  with  hillside  brick  and  cement  grout  up  to 
12%  grades.  Also,  it  is  possible  to  get  good  results  with  ordinary 
brick  with  grout  raked  out  at  the  top.  /         ^-i::cjn 

Width. — Some  consideration  should  be  given  to  designing  "narrow 
roads  in  such  a  way  that  the  width  may  be  increased  as  traffic  demands 
it  and  funds  may  be  available. 

Drainage. — There  is  no  reason  for  making  the  minimum  crown  on 
cement-concrete  roadways  more  than  the  minimum  crown  for  brick 
and  wood  block  roadways. 

*  Albany,   N.  Y. 
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Mr.  Joints. — The  Committee  well  says,  in  regard  to  cement  grout,  that 

•  ^°'  ample  time  must  be  allowed  for  grout  to  set  before  traffic  is  allowed 
on  the  pavement.  The  writer  is  thoroughly  convinced  that  more 
failures  are  due  to  the  neglect  of  this  requirement  than  from  any 
other  cause.  The  practicability  of  this  requirement  should  in  many 
cases  decide  what  filler  is  to  be  used.  In  most  cases  where  cement 
grout  is  used  for  filler,  the  roadway  'should  be  closed  to  traffic  for  3 
weeks.  This  may  be  somewhat  radical,  but  it  would  be  of  value  if  the 
Committee  would  give  minimum  and  maximum  limits  in  place  of  the 
indefinite  word  "ample." 

Messrs.        WiLL   P.   Blair,   Esq.,*   and   Maurice   B.   Greenough,   EsQ.f    (by 
aiKi"^    letter).:}: — A  careful  examination  of  this  report  leads  the  writers   to 
ough"   believe  that,  if  certain  changes  were  made  in  its  language,  the  situa- 
tion would  be  met  more  adequately  and  correctly.    Therefore,  the  more 
important  points,  on  which  that  belief  rests,  are  stated  briefly  in  the 
following  for  which  most  serious  consideration  is  asked. 
Grades. — On  page  1612  the  report  reads  as  follows: 

''Brick   (cement  grout  filler) 6.0% 

"Brick   (bituminous  filler) .       12.0%" 

It  is  suggested  that  this  portion  of  the  table  be  changed  and 
amended  to  read: 

"Brick  (cement  grout  filler) up  to    6% 

"Brick  ('hillside'  with  cement  grout  filler)..  6%  and  upward 

"Brick  (bituminous  filler) 12.0%" 

Width. — On  page  1613,  in  the  second  and  third  paragraphs,  it  is 
recommended : 

(a)  That  brick  roads  should  be  as  wide  as,  or  wider  than,  the 
so-called  flexible  pavements  under  the  same  local  conditions. 

(&)  It  is  implied  that  the  rigid  edge  of  a  brick  pavement  is  less 
capable  of  maintaining  its  integrity  under  traffic  than  a 
mechanically  or  otherwise  bonded  pavement  of  broken  stone. 

The  writers  believe  that  experience  does  not  support  these  theories, 
and  that,  in  justice  to  the  public,  they  should  be  altered.  Many 
localities  are  served  economically  by  brick  roads  9  ft.  wide,  and,  if  this 
recommendation  is  to  stand,  the  result  may  be  to  deny  to  similar  locali- 
ties brick  roads  which  would  serve  all  their  f\mctions  economically 
and  well. 

Joints. — On  page  1617,  the  discussion  on  joint  fillers  does  not  meet 
the  situation  as  regards  brick  pavements,  notwithstanding  the  very 
complete  exposition  of  the  fundamental  requirement  of  fillers. 

•  Secretary  National  Paving  Brick  Mfrs.  Assoc,  Cleveland,  Ohio. 

t  Cons.  Engr.,  National  Paving  Brick  Mfrs.  Assoc,  Cleverand,   Ohio. 
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The  statements  are  made:      •  Messra. 

Blair 

(a)  That  sand  should  never  be  used  as  a  joint  filler;  and  subse-    and 
qucntly,   on  page   1G33,  that  ''brick  laid  with   sand  joints   and  with-   ough. 
out   an   artificial   foundation   may   be   used   as   the  first  step   in   road 
improvement." 

The  use  of  sand  fis  a  filler  is  warranted  in  cases  where  brick  pave- 
ments are  desired,  but  where  funds  are  not  available  for  a  more  costly 
type.  The  fact  that  many  thousand  square  yards  of  sand-filled  brick 
pavements  have  rendered  satisfactory  and  economical  service  for  many 
years  precludes  light  weight  being  assigned  to  this  fijler. 

(h)  The  report  reads:  "As  regards  the  cement  mortar  joints,  the 
proportions  of  cement,  sand,  and  water  will  be  affected  by  local 
conditions." 

A  country-wide  examination  of  specifications  and  practice  in  joint 
filling  will  show  that,  in  the  proportions  of  cement  and  sand  in  joint 
fillers,  there  is  practically  no  variation  one  from  the  other,  and  that 
this  element  of  brick  pavement  construction  is  the  least  variable  of  any. 

(c)  Though  several  precautionary  measures  are  given  for  mixing 
and  applying  cement  grout  filler,  the  writers  believe  that,  unless  all  the 
important  points  are  mentioned,  the  opinion  may  be  created  that  only 
those  mentioned  are  the  important  ones.  There  are  at  least  eight  others, 
and  it  is  recommended  that  they  be  included  in  order  to  maintain  a 
proper  balance  and  state  the  case  comprehensively. 

(d)  Continuing,  on  page  1617,  the  report  states: 

"A  bituminous  filler  may  be  preferred  to  a  cement-grout  filler,  on 
account  of  the  lower  cost  of  street-opening  repairs,  the  better  foothold 
provided  for  horses,  and  the  securing  of  a  more  resilient  and  hence 
less  noisy  pavement." 

The  writers  believe: 

1. — That  a  conciliatory  attitude  toward  "cuts  and  openings"  in 
pavements  will  tend  to  keep  these  unnecessary  evils  with  us  longer 
than  an  attitude  which  strongly  discourages  them. 

2. — That  brick  pavements,  cement-grout  filled,  are  the  least  slippery ; 
that,  except  on  grades  greater  than  6%,  no'  open  joints  are  required; 
and  that,  when  required,  such  joints  are  best  secured  by  the  use  of 
special  "hillside"  block  with  cement-grout  filler. 

3. — More  noise  is  produced  by  an  iron-tired  vehicle  rolling  over 
open  joints  and  cobbled  brick  than  over  a  smooth-surfaced,  cement- 
grout  filled,  brick  pavement. 

,  (e)  On  pages  1617-18,  the  report  reads : 

"'With  bituminous  joint  fillers,  care  must  be  taken  to  select  materials 
which  will  not  be  too  brittle  in  cold  weather  and  so  chip  out  from  the 
joints  under  traffic,  and  which  will  not  be  so  soft  in  hot  weather  as  to 
flow  out  of  the  joints  between  the  blocks." 
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Messrs.        1. — It  is  submitted  that  no  bitunrinous  filler  has  yet  been  devised 
^an6    which  can  meet  this  requirement;  and  that  experience  clearly  shows 
^J,%Z  this  fact. 

2.— The  unsanitary  features  of  open  joints  as  collectors  of  dirt  and 
refuse  should  be  brought  out,  as  well  as  the  fact  that  open-jointed  pave- 
ments are  cleaned  with  difficulty,  if  at  all,  and  ^t  all  events  at  much 
greater  expense. 

Expansion-Contraction  Joints. — The  report  encourages  the  use  of 
transverse  expansion  joints  in  brick  pavements.  Such  joints  are  now 
wholly  abandoned  in  places  having  the  most  extensive  experience  in  the 
use  of  brick  pavements,  and  this  relates  to  the  past  10  or  15  years. 
Brick  pavements  are  capable  of  withstanding  stresses  produced  ther- 
mally with  a  large  factor  of  safety. 

Mr.  William  W.  C.  Perkins,*  M.  Am.  See.  C.  E.  (by  letter) .+— At  the 

Perkins,  j^^g^^^g  ^-^  iqiq  ^]^q  -v^riter  stated  that  he  believed  the  report  of  the 
Committee  should  be  broad  and  yet  describe  in  detail  the  various  types 
of  materials  for  road  construction,  the  proper  selection  and  testing  of 
such  materials,  and  the  methods  of  obtaining  higher  types  of  construc- 
tion. In  other  words,  he  believes  that,  owing  to  the  importance  of 
road  construction,  it  is  time  for  this  Society  to  prepare  a  report  so 
comprehensive  that  engineers  could  use  it  as  a  framework  on  which  to 
write  their  specifications. 

The  present  report  is  more  complete  than  that  of  1916,  yet  it  does 
not  go  far  enough  in  describing  the  materials  and  their  proper 
construction. 

The  writer  feels  sure  that  the  Committee  has  spent  considerable 
time  in  preparing  the  report,  and  it  must  be  remembered  tHat  the  mem- 
bers of  the  Committee  are  busy  men  and  give  their  time  voluntarily 
to  the  Society;  but  he  is  certain  that,  if  the  Committee,  during  the 
coming  year,  will  hold  open  sessions  and  call  on  engineers  who  have 
made  special  studies  and  investigations  of  the  various  materials  and 
methods  of  construction,  these  engineers  will  gladly  give  the  results 
of  their  studies  and  investigations. 

The  writer  believes  the  Committee  should  also  investigate,  by 
direct  visit  to  the  work,  the  new  methods  of  road  construction,  thereby 
obtaining  first-hand  information  as  to  the  many  improvements  being 
made  in  all  types  of  construction.  If  the  powers  granted  to  the  Com- 
mittee do  not  allow  this,  the  writer  trusts  that  the  Board  of  Direction 
may  see  the  importance  of  the  work,  and  widen  the  powers  of  the  Com- 
mittee, so  that  its  final  report  will  be  considered  by  engineers  as  the 
best  practice  in  preparing  specifications  and  in  the  construction  of 
roads  and  highways. 

*  Conneaut,  Oh.io. . 
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(2)  GKAVEL  KOADS. 


Bv  Messrs.  William  Goldsmith,  E.  A.  Stevens,  and  C.  E.  Mickey. 


William  Goldsmith,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f — On       Mr. 
page  1621,  with  relation  to  gravel  roads,  the  following  statement  is 
made: 

"With  gravel  such  as  quartz,  the  cementation  of  which  is  low,  a 
highly  cementitious  void  filler  is  desirable,  and  a  moderate  quantity  of 
clay  or  loam  may  be  permissible." 

Relative  to  this  subject,  the  writer  had  some  experience  with  gravel 
road  construction  in  the  Philippine  Islands,  where,  in  Pangasinan 
Province  alone,  more  than  100  miles  of  gravel  roadway  were 
constructed. 

These  roadways  look  like  macadam,  and,  with  proper  maintenance, 
hold  up  as  well.  The  gravel  was  obtained  by  screening  material  from 
the  stream  bed,  all  passing  a  1-in.  screen  being  used.  It  was  mostly 
quartz,  and  had  very  low  cementitious  qualities.  Many  methods  were 
tried  in  order  to  obtain  the  best  possible  roadway.  This  resulted  by 
adopting  a  crown  of  1  in.  to  the  foot,  and  using  a  heavy  clay  filler  to 
fill  the  voids  and  hold  the  gravel  together.  Instead  of  a  "moderate 
quantity"  being  used,  as  recommended  in  the  report,  the  filler  contained 
about  20%  of  clay.  It  was  found  that  a  less  quantity  would  not  hold 
the  gravel  together.  The  high  crown  caused  the  water  to  run  off  before 
it  could  soak  into  the  roadway,  and  disintegrate  it. 

It  is  suggested,  therefore,  that  further  experiments  be  made  along 
these  lines,  and  that  the  words  "moderate  quantity"  be  stricken  out, 
and  the  words  "variable  quantity,  depending  on  conditions",  be 
inserted. 

E.  A.  Stevens,:}:  M.  Am.  Soc.  C.  E.  (by  letter) .f — The  term  "gravel  Mr. 
roads"  covers  a  very  wide  range  of  materials.  Specifications  based  on  ^'^^^'^°^' 
physical  analyses  are  not  satisfactory.  For  instance,  there  are  found 
in  the  New  Jersey  coastal  plain  certain  deposits,  locally  known  as 
"buckshot  gravel",  little,  probably  not  more  than  20%,  of  which  would 
be  retained  on  a  ^-in.  screen,  yet  the  material  in  many  of  these  deposits 
is  excellent. 

As'  to  gravels,  they  differ  so  widely,  both  in  their  constituents  and 
grading,  that,  in  their  selection,  it  seems  wise  to  rely  on  the  old  prin- 
ciple that  "the  proof  of  the  pudding  is  the  eating".     Above  all  things, 

*  New  Hampton,  N.  Y. 
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Mr.      avoid  specifying  a  gravel  from  a  given  deposit.     Gravel  from  the  same 
tevens.  ^j^  ^-^^  often  show  amazing  variations. 

In  the  case  of  these  roads,  the  experience  everywhere  in  IsTew  Jersey 
is  that  a  sandy  sub-base  requires  a  gravel  rich  in  clay,  and  a  base 
carrying  clay  requires  gravel  with  a  minimum  of  clay  and  rich  in  sand. 
"Whatever  may  be  true  of  other  gravels,  those  of  the  New  Jersey  coastal 
plain  are  not  suited  for  bituminous  dressings.  Oils,  whether  asphaltic 
or  non-asphaltic,  are  actually  destructive.  The  results  with  cut-back 
asphalts  and  tars  have  not  been  found  durable  enough  to  warrant  the 
expense  involved. 

Mr.  C.  E.  Mickey,*  Assoc.  Am.  Soc.  C.  E. — On  page  1621  of  the  report, 

^^'  there  is  the  statement: 

"With  gravel  such  as  quartz,  the  cementation  of  which  is  low,  a 
highly  cementitious  void  filler  is  desirable,  and  a  moderate  quantity 
of  clay  or  loam  may  be  permissible." 

The  speaker  would  like  to  reinforce  Mr.  Goldsmith's  statement,  and 
to  add  that  a  cementitious  clay,  or  a  loam  of  high  cementitious  or 
cementing  value,  be  used.  Some  clays,  as  well  as  some  loams,  have 
practically  no  cementing  value.  It  is  suggested  that  the  Committee 
insert  the  words,  "of  clay  or  loam  of  highly  cementitious  value." 

•  Lincoln,  Nebr. 
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(3)  BEOKEN  STONE  ROADS. 


B^  Messks.  H.  S.  Mattimore,  Clifford  Richardson,  W.  H.  Connell, 
AND  Sanford  E.  Thompson. 


H.  S.  Mattimore,*  Assoc.  M.  Am.  Soc.  C.  E. — The  second  para-  Mr. 
graph  of  the  report  on  "broken  stone  roads"  calls  for  an  artificial  ^^^a^'^o^e. 
foundation  of  clean  coarse  sand  or  cinders.  The  speaker  has  never 
had  any  experience  in  the  use  of  cinders,  but  would  not  recommend 
the  use  of  clean  coarse  sand,  because  he  does  not  believe  it  suitable. 
The  main  object  in  laying  the  foundation  is  to  get  a  stable  material. 
This  might  be  coarse  gravel,  containing  fine  cementitious  gravel,  or 
mixed  sand  and  clay. 

In  regard  to  materials,  the  report  might  be  qualified  further  and 
discrimination  be  made  where  a  two-course  broken  stone  road  is  laid. 

It  is  presumed  that  the  test  refers  to  the  top  course.  Usually,  in 
the  bottom  course,  any  available  material  that  will  stand  the  roller  is 
used.  In  regard  to  the  size  of  the  stone  on  a  two-course  road,  a  larger 
stone  has  been  used  with  success  in  New  York  State,  say,  one  that 
passes  through  a  2|-in.  ring,  or  approximately  between  2^  and  2J  in. 
The  size  should  vary  somewhat  with  the  quality  of  the  stone.  Stone 
which  is  apt  to  break  under  the  roller,  necessarily  would  have  to  be 
larger  in  the  top  course  than  that  of  a  harder  quality.  This  is  espe- 
cially true  of  penetration  roads. 

Clifford  RiCHARDSON.f  M.  Am.  Soc.  C.  E. — The  speaker  suggests     Mr. 
that  the  terrn  "sharp-angled"  be  not  used.     The  stone  should  not  have  ^'son'^'^" 
sharp,  but  obtuse,  angles.     A  sharp-angled  stone  would  be  regarded 
as   undesirable. 

W.  H.  Connell,:}:  Assoc.  M.  Am.  Soc.  C.  E. — The  report  states  that     Mr. 
on  an  8-in.  road  the  sizes  properly  used  are  as  follows :   "Bottom  or  ^°°°^"- 
first  course,  2i  to  3J  in.;  3J  in.  thick.     Second  course,  1^  to  2i  in.; 
2i  in.  thick.     Third  course,  f  to  1^  in. ;  2  in.  thick." 

In  a  great  many  States,  and  in  localities  with  which  the  speaker 
is  familiar,  2A-in.  stone  is  now  being  used  in  the  top  course.  It  gives 
better  results  and  lasts  longer.  It  is  more  difficult  to  'bind  the  road, 
but  it  lasts  longer  and  takes  the  bituminous  surface  much  better  than 
the  1^-in.  top  course. 

Sanford  E.  Thompson,§  M.  Am.  Soc.  C.  E.  (by  letter). || — Attention       Mr. 
is  called  to  the  fact  that  the  method  of  screening  proposed  for  aggre-  Thompson, 

*  Albany,  N.  Y. 
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Mr.  _  gates  for  broken  stone  roads  is  directly  contrary  to  practically  uni- 
versal practice  for  aggregates  for  concrete  work.  The  report  gives  the 
percentages  retained  between  two  sieves,  instead  of  the  total  percentage 
passing.  If  there  is  "any  variation  in  the  sizes  of  the  sieves  selected, 
the  method  given  in  the  report  cannot  produce  comparative  results, 
whereas  the  total  percentage-passing  method  can  be  used  with  any 
sieves,  is  suitable  for  use  in  drawing  curves,  and  for  making  mechanical 
analysis  combinations.  In  view  of  these  facts,  the  writer  proposes,  as 
an  amendment  to  these  specifications,  that  the  reference  on  page  1623 
to  the  Report  of  Committee  D-4  of  the  American  Society  for  Testing 
Materials  be  omitted. 
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(4)  BEOKEN  STONE  ROADS  WITH  BITUMINOUS 

SURFACES. 


By  Messrs.  W.  H.  Fulweiler,  P.  P.  Sharples,  Clifford  Richardson, 
AND  Herbert  Spencer. 


W.  H.  Fulweiler  *  Assoc.  M.  Am.  Soc.  C.  E. — The  last  paragraph      Mr. 
of  the  report  on  this  subject  states :  "  ^^'  ^^' 

"After  the  bituminous  material  is  applied  it  should  be  covered  im- 
mediately with  the  toughest  grit  obtainable." 

The  speaker  disagrees  absolutely  with  the  Committee  as  to  the 
necessity  of  the  immediate  covering  of  bituminous  surface  treatments 
with  grit.  The  fundamental  feature  is  to  get  the  bituminous  material 
into  the  surface  of  the  road,  and,  if  it  is  covered  with  stone  immediately, 
the  stone  tends  by  surface  tension  to  draw  the  bituminous  material  to 
the  surface  and  prevent  it  from  penetrating  into  the  road;  it  tends  to 
give  a  carpet  eJSFect.  That  is  just  what  should  be  avoided.  On  the 
contrary,  the  Committee  should  state  that  as  much  time  as  practicable 
should  be  allowed  for  the  bituminous  material  to  penetrate  into  the 
road  surface. 

P.  P.  Sharples, t  Esq. — Mr.  Fulweiler  has  opened  one  phase  of  the  Mr. 
subject.  It  must  be  remembered,  on  the  other  hand,  that  if  these  ^^^  ^^' 
bituminous  surface  coatings  are  applied  to  a  macadam  road  which  is 
finished  in  such  a  way  that  the  bituminous  material  runs  down  into 
the  body  of  the  road  and  into  the  large  stone,  disintegration  of  the 
road  might  be  brought  about  through  the  lubrication  of  the  stone. 
Enough  fine  mineral  material  to  absorb  all  the  bituminous  material 
should  always  be  present.  .  For  the  same  reason,  macadam  roads  which 
are  built  with  the  intention  of  giving  them  a  surface  coat  of  bitumen, 
should  always  be  carefully  filled  with  stone  dust,  fine  gravel,  or  suitable 
sand  at  the  time  of  construction. 

Clifford  Richardson,:}:  M.  Am.  Soc.  C.  E. — The  treatment  would     Mr. 
depend  entirely  on  the  type  of  bituminous  material  in  use.     In  the      son. 
case  of  material  like  coal-tar,  one  would  naturally  wish  to  apply  the 
binder  at  once,  but,  in  the  case  of  a  heavy  asphalt,  it  should  be  allowed 
to  penetrate  as  far  as  it  will. 

Herbert    Spencer,:}:   Assoc.    M.    Am.    Soc.    C.    E. — The   generally      ^r. 
accepted  definition  of  a  bitunjinous  surface  is,  "A  surface  consisting  Spencer, 
of  a  superficial  coat,  or  coats,  of  bituminous  material,  with  or  without 

*  Wallingford,  Pa. 
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Mr.  the  addition  of  stone,  slag,  gravel,  sand,  or  similar  material" ;  and,  in 
pencer.  ^^^^  classification,  there  is  naturally  included  the  type  of  bituminous 
surface  made  by  the  application  of  a  heavy,  heated  asphalt  on  an 
existing  macadam  or  gravel  road. 

In  discussing  the  subject  of  broken-stone  roads  with  bituminous 
surfaces,  the  Committee  recommends  (p.  1624),  "that  bituminous 
material  of  such  consistency  that  it  can  be  applied  at  a  temperature 
below  52°  cent.  (125°  Fahr.)  is  preferable  to  heavier  material,  and 
that  the  application  of  a  quantity  in  excess  of  ^  gal.  per  sq.  yd.  is 
inadvisable."  The  speaker  disagrees  with  this  statement,  and  refers 
to  the  large  quantity  of  work  which  has  been  done  in  various  sections 
of  the  country  by  the  use  of  the  heavy  material  on  a  properly  swept 
macadam  road,  followed  by  a  coat  of  screenings  or  grits.  Such  work 
has  been  done  for  more  than  7  years,  and  seems  to  give  entire  satis- 
faction where  a  mat  of  heavy  asphaltic  material  can  be  made  to  adhere 
to  the  surface  of  a  water-bound  macadam  road. 

With  the  introduction  of  the  modern  automobile  pressure-dis- 
tributor, it  has  been  demonstrated  that  it  is  entirely  feasible  to  apply 
this  material  in  quantities  and  at  practically  any  temperature  up  to 
300  degrees.  Many  miles  of  roads  in  New  York,  Massachusetts,  and 
New  Jersey,  have  been  treated  in  this  way,  and  the  indications  seem 
to  point  to  a  continuation  of  this  method  of  treating  roads. 

The  question  of  a  cut-back  asphalt,  as  compared  with  an  asphaltic 
oil,  is  very  often  governed  by  price  considerations,  together  with  the 
desire,  in  some  cases,  to  assist  the  spreading  of  an  asphalt  by  fluxing 
it  with  a  more  volatile  constituent.  With  the  use  of  automobile 
machines  capable  of  unloading  the  heaviest  kinds  of  asphalt  for  work 
of  this  class,  the  necessity  of  using  a  cut-back  product  is  questionable, 
and,  in  the  speaker's  opinion,  will  not  secure  as  satisfactory  results  as 
the  use  of  a  heavier  asphalt  applied  on  the  road  surface  at  a  tempera^ 
ture  close  to  300°,  and  then  covering  it  with  a  sufficient  quantity  of 
suitable  stone,  screenings,  or  grits. 

From  the  standpoint  of  cost,  the  heavier  asphaltic  material  is 
superior  to  a  lighter  road-oil  applied  each  season,  and  sometimes  twice 
in  one  season.  When  properly  applied,  the  heavier  material  should 
last  for  4  years;  and  it  not  only  protects  the  stone  surface  from  the 
disintegrating  effects  of  automobile  travel,  but  presents  a  more  uniform 
and  attractive  appearance  on  country  and  town  highways. 
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(5)  BITUMINOUS  MACADAM  PAVEMENTS. 


By  Messrs.  Clifford  Richardson,  W.  H.  Fulweiler,  P.  P.  Sharples, 
J.  A.  Johnston,  H.  E.  Breed,  C.  E.  Mickey,  Herbert  Spencer, 
Prevost  Hubbard,  T.  M.  Ripley,  and  C.  R.  Allen,  Jr. 


Clifford  Rich.\rdson,*  M.  Am.  Soc.  C.  E. — Under  this  heading  it  is  Mr. 
recommended  that  the  bitumen  should  be  applied  after  thorough  son. 
rolling.  Though  this  may  be  true  with  residuals  which  become  very 
thin  in  a  melted  condition,  it  has  been  found  to  be  very  bad  practice 
with  the  natural  asphalts,  which  are  much  more  viscous.  In  the  use 
of  material  of  this  class  experience  has  shown  that  the  stone  should 
be  placed  loosely,  and  not  compacted  until  the  asphalt  has  been  dis- 
tributed on  it  in  the  proper  quantity,  as  otherwise  insufficient  pene- 
tration will  be  obtained. 

In  the  fourth  paragraph  under  this  heading  it  is  provided  that: 

''The  quantity  of  bituminous  material  used  should  be  just  sufficient 
to  penetrate  through  the  upper  course  and  fill  the  voids;  such  pene- 
tration and  filling  is  accomplished  by  the  application  of  approximately 
1  gal.  of  bituminous  material  to  the  square  yard  for  each  inch  in  thick- 
ness of  the  upper  course." 

Of  course  1  gal.  of  bitumen  per  square  yard  will  not  fill  the  voids 
in  an  inch  of  broken  stone.  Neither  would  it  be  desirable,  if  it  would 
do  so. 

In  the  next  paragraph  it  is  stated  that  the  use  of  a  pressure  dis- 
tributor in  applying  the  bituminous  material  is  essential.  "Advisable" 
would  be  a  better  word  to  use  than  ''essential",  as  excellent  roads,  when 
the  operation  is  carefully  done,  have  been  constructed  by  hand-pouring, 
examples  of  which,  of  considerable  age,  are  found  in  Massachusetts. 

The  rule  adopted  by  Mr.  P.illsbury,  of  Massachusetts,  is  a  gallon 
of  bituminous  materials  to  each  inch  of  surface,  and  certainly  the 
results  obtained  speak  more  loudly  than  anything  the  speaker  can 
say  about  it. 

With  such  materials  as  are  used  in  the  construction  of  bituminous 
macadam  roads,  there  should  be  some  differentiation  between  them. 
It  is  undoubtedly  true  that,  with  the  tars,  what  Messrs.  Fulweiler  and 
Johnston  have  stated  may  be  true,  but  it  is  not  true  with  respect  to 
certain  other  materials. 

W.  H.  FuLWEiLER,t  Assoc.  M.  Am.  Soc.  C.  E. — Attention  is  called      Mr. 
to   the   fourth   paragraph,    referring    to    the   quantity    of   bituminous  ^'^eiier. 

*  New  York  City. 
t  "Wallingford,  Pa. 
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Mr.       material  used.     It  would  seem  that  the  Committee  has  suffsested  an 

Fulweiler.  ,  , 

'  excessive  quantity!     The  speaker's  experience  would  indicate  that  it  is 

about  twice  too  much  for  the  first  course,  and,  with  a  very  carefully 
prepared  and  graded  stone  top,  it  would  be  nearly  three  times  too  much, 
successful  roads  having  been  built  with  only  1  gal.  per  sq.  yd.  of  sur- 
face, where  the  surface  was  roughly  from  2  to  2^  in.  thick.  For  such 
a  surface  surely  not  more  than  1^  gal.  of  some  kinds  of  materials 
would  be  necessary.  It  may  be  that  certain  materials  would  require 
this  large  quantity,  but,  as  a  general  statement,  the  Committee's  figure 
is  entirely  too  high. 

In  the  last  paragraph  the  Committee  would  have  done  well  to  call 
attention  to  the  effect  of  stone  of  the  softer  qualities  as  affecting  the 
size  of  stone  to  be  used  in  the  surface  treatment.  Where  a  rock  is 
hard,  like  trap,  it  is  undoubtedly  an  advantage  to  use  the  smaller 
size,  but  where  limestone  or  other  soft  stone  is  the  only  kind  available, 
a  stone  of  rather  large  size  should  be  used,  in  order  that  the  average 
size  of  the  particles  in  the  finished  surface,  after  having  been  crushed 
by  the  traffic,  will  not  be  smaller  than,  say,  i  in.,  and,  in  addition,  it 
should  not  contain  an  excessive  quantity  of  dust. 

The  speaker's  experience  has  been  that  successful  results  are  ob- 
tained generally  with  about  ^  gal.  on  the  first  pouring  per  inch  of  loose 
stone.  In  other  words,  he  would  spread  the  upper  wearing  surface, 
say,  3  in.  thick,  loose,  and  penetrate  that  with  1^  gal.  per  sq.  yd.  That 
is  equivalent  to  ^  gal.  per  inch  of  depth.  For  average  construction, 
the  use  of  1  gal.  per  inch  would  certainly  flood  the  road ;  it  would  pro- 
duce a  surface  entirely  too  rich  in  bitumen,  and  it  would  undoubtedly 
push  under  traffic. 

The  result  of  digging  into  a  number  of  roads  that  have  been  con- 
structed in  this  way  shows  that  the  finished  surface  will  be  about  2J 
in.,  when  constructed  of  3  in.  of  loose  broken  stone. 

Again,  the  variation  in  the  quantity  used  for  the  flush  coat  is 
almost  exclusively  on  the  lower  side,  rather  than  on  the  upper  side. 
In  other  words,  it  would  be  nearer  to  ^^^  or  ^  gal.  than  to  ^^^  or 
I  gal.  In  the  speaker's  opinion,  more  roads  have  proved  failures 
through  the  use  of  an  excess  than  through  a  deficiency  of  bituminous 
material. 

The  New  York  State  specifications  call  for  If  gal.  per  sq.  yd.,  with 
a  compacted  top  course  3  in.  thick.  That  is  about  ^  gal.  per  inch  of 
loose  surface.  That,  also,  is  for  stone  of  one  size.  There  is  one  point 
brought  up  by  Mr.  Sharpies,  however,  that  would  apparently  increase 
these  figures  a  little.  The  speaker's  reading  of  the  Committee's  specifi- 
cation was  that  this  was  the  first  pouring.  That  is  what  is  called  the 
penetration  course.  That  would  make  a  slight  change,  adding 
about  Jj,  oal. 
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The  question  of  a  specification  for  building  a  bituminous  macadam       Mr. 
pavement  is  a  very  large  one,   and  the  Committee  would  have  done    "  ^*''  ^^' 
well  if  it  had  drawn  attention  to  some  of  the  very  important  factors 
affecting  it.    For  instance,  the  type,  if  it  may  be  thus  termed,  of  stone 
bed  that  gives  the  best  results  with  asphalts  is  radically  diilerent  from 
that  which  gives  the  best  results  with  tars. 

Therefore,  the  speaker  thinks  that  the  Committee  might  have  called 
attention  to  the  fact  that  the  methods  for  preparing  the  stone  before 
making  the  first  pouring  will  have  to  be  modified,  not  only  in  accord- 
ance with  the  class  of  stone,  as  to  its  size,  bnt  also  in  accordance 
with  the  class  of  bituminous  materials  to  be  used,  and  that  the  quantity 
of  bituminous  material  v/ill  have  to  be  varied,  to  take  care  of  those 
features. 

With  regard  to  definiteness  of  statements  regarding  quantities,  the 
most  definite  method  would  be  to  prescribe  between  certain  limits  the 
quantity  of  material  to  be  poured  per  inch  of  loose  stone  on  the  first 
pouring,  and  then  prescribe  the  quantity  of  material  within  certain 
limits  to  be  used  in  the  flush  coat  or  final  coat.  In  that  way  a  -per- 
fectly  definite  quantity  of  material  can  be  ascertained. 

P.  P.  Sharples,*  Esq. — The  quantity  of  bituminous  material  to  Mr. 
be  used  is  the  crucial  point  in  the  Committee's  specification.  The  ^^'^^'p'^^- 
speaker, is  inclined  to  agree  with  the  report,  as  his  experience  in  Massa- 
chusetts— where  he  has  had  perhaps  more  than  in  any  other  one  place — 
has  been  very  much  in  favor  of .  1  gal.  per  sq.  yd.  per  in.  of  com- 
pacted stone.  The  difference  between  compacted  and  uncompacted 
stone  is  perhaps  confusing.  With  compacted  stone,  1  gal.  per  in. 
is  about  right,  if  the  seal  coat  is  included,  but,  if  it  is  not  included, 
it  is  too  much.  It  may  be  slightly  excessive,  but  an  examination 
of  the  specifications  of  a  number  of  experienced  State  highway  depart- 
ments will  show  that  the  quantity  of  bitumen  is  in  accord  with  the 
proposed  specification.  The  Massachusetts,  Ohio,  and  New  York  speci- 
fications call  for,  approximately,  1  gal.  per  in.  of  compacted  stone,  and 
their  experience  in  the  construction  of  this  type,  with  many  different 
kinds  of  bituminous  materials,  has  been  satisfactory. 

In  determining  the  quantity  of  bitumen,  the  ultimate  character 
of  the  surface  should  also  be  considered.  If  it  is  the  intention  to  leave 
a  surface  on  which  the  bituminous  material  flushes  to  the  top,  a  greater 
quantity  of  bituminous  material  should  be  specified  than  if'  the  surface 
is  to  be  kept  up  by  the  application  of  surface  treatments,  beginning 
very  soon  after  finishing  the  pavement. 

The  surface  treatments,  when  begun  within  a  short  time  after  the 
completion  of  the  pavement — a  practice  which  has  become  common  in 
certain  parts  of  the  country — allow  a  reduction  of  the  quantity  of 
bituminous  material  put  into  the  pavement  itself. 

•  New  York  City. 
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Mr.  J.  A.  Johnston,*  M.  Am.  Soc.  C.  E. — Many  miles  of  road  have 


°'  been  built  in  Massachusetts  with  1  gal.  of  tar  per  sq.  yd.  Those  roads 
were  not  treated  with  any  additional  seal  coat,  but  many  of  them, 
even  those  built  with  some  of  Mr.  Sharpies'  material,  were  used  for 
more  than  3  years  before  they  received  any  further  surface  treat- 
ment, and  that  treatment  was  only  about  i  gal.  per  sq.  yd. 

The  speaker  agrees  with  Mr.  Fulweiler  that  more  roads  have  been 
spoiled  by  excessive  bitumen  than  by  too  little.  In  the  use  of  bitumen, 
a  little  may  be  good,  enough  is  excellent,  but  too  much  is  a  calamity. 

Mr.  H.  E.  Breed,!  M.  Am.  Soc.  C.  E. — The  specification  generally  used 

Breed,  jj^  ]^few  York  State  requires  2^  gal.  as  a  total.  In  many  instances  this 
has  been  found  to  l)e  too  much,  and  in  order  to  get  a  road  that  will 
stand  under  traffic,  and  will  resist  pushing,  it  has  been  necessary,  with 
stone  of  certain  qualities,  to  reduce  the  quantities  of  bituminous 
material. 

Mr.  C.   E.   MiCKEY.J  Assoc.   Am.   Soc.   C.   E. — Kansas   City  has  been 

■  conducting  a  number  of  experiments  on  bituminous  macadam  pave- 
ments, and  it  is  possible  that  the  Committee  may  get  some  very  valu- 
able data  on  this  subject  from  the  authorities  of  that  city.  Experience 
there  confirms  everything  that  Mr.  Fulweiler  and  Mr.  Johnson  have 
stated.  A  little  is  good,  the  right  quantity  is  excellent,  but  too  much 
is  worse  than  nothing.  The  pavements  which  contain  too  much — they 
are  called  the  "ocean  waves"  at  present — have  been  in  use  from  2  to  3 
years,  and  portions  of  some  of  them  have  had  to  be  entirely  recon- 
structed in  order  to  do  away  with  the  waving  effect.  The  speaker 
thinks  they  are  now  being  built  with  larger  stone  and  less  bitumen. 

Undoubtedly,  the  Committee  intends  to  conduct  an  investigation 
that  will  provide  sufficient  data  in  formulating  specifications,  and  will 
mention  a  bituminous  material  suitable  for  this  kind  of  construction 
The  speaker  is  somewhat  disappointed  to  find  that  some  of  that  materia 
has  not  been  included  in  the  report.  On  pages  1638  and  1639,  the 
Committee  has  recommended  certain  specifications  for  distillate  oi 
and  coal-tar  paving  oil,  which  would  be  suitable  as  bituminous  mate 
rials  for  an  individual  pavement;  but  it  has  failed  to  recommend  a 
specification  for  bituminous  materials  which  would  be  suitable  for 
the  indivfdual  bituminous  pavements. 

Mr.  Herbert  Spencer,§  Assoc.  M.  Am.  Soc.  C.  E. — The  success  of  a 

'  bituminous  macadam  pavement  is  often  due  to  the  viscosity  or  penetra- 
tion of  the  material  which  is  used.  The  speaker  has  seen  specifications 
which  call  for  material  with  a  penetration  ranging  from  75  to  more 

*  Springfield,  Mass. 
t  Albany,  N.  Y. 
t  Lincoln,  Nebr. 
§  New  York  City. 
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than  200.  The  penetrability  of  the  material  into  the  stone  will  fj:overn  Mr. 
'the  success  of  the  pavement.  A  soft  material  having  a  penetration  of  p^"^*^""- 
175  will  penetrate  the  voids  in  the  broken  stone  more  readily  than  a 
material  of  100  penetration;  the  harder  material  will  more  naturally 
reach  its  own  melting  point,  due  to  being  brought  in  contact  with  the 
cold  stone,  becoming  to  a  certain  extent  congealed  before  it  has 
reached  the  bottom  of  the  top  course.  This,  in  the  speaker's  experience, 
has  been  the  cause  of  many  failures  of  roads.  The  harder  material  will 
not  soak  down  into  the  road  before  it  becomes  solidified;  it  simply  lies 
on  top  as  a  mat ;  and  the  top  inch,  or  inch  and  a  half,  of  stone  receives 
a  greater  percentage  of  material  per  square  yard  than  the  underlying 
stone.  For  that  reason,  success  can  never  be  expected  in  bituminous 
macadam  unless  the  correct  penetration  of  the  asphalt  has  been  de- 
termined for  the  grade  of  stone  to  be  used. 

Prevost  Hubbard,*  Assoc.  Am.  Soc.  C.  E. — The  speaker  subscribes  Mr. 
to  what  Mr.  Fulweiler  has  said,  and  offers  as  an  illustration  the  fact  ^  ^"^  ' 
that  engineers  do  not  take  these  things  into  account  when  building 
bituminous  concrete  roads;  that  is,  they  specify  the  percentage  of 
bituminous  material  within  certain  limits,  knowing  that  they  cannot 
in  advance  decide  accurately  the  exact  quantity  which  will  give  the 
best  results.  It  is  only  by  experiment  in  the  first  stages  of  the  work 
that  the  exact  quantity  can  be  determined,  so  that  in  specifications 
the  limits  of  quantity  should  be  given,  rather  than  a  single  definite 
quantity. 

T.  M.  RiPLEY,t  M.  Am.  Soc.  C.  E. — The  speaker  agrees  thoroughly    Mr. 
with  Mr.  Fulweiler,  with  reference  to  the  use  of  1  gal.  per  in.  per  sq.  yd.    '"^  ^^' 

On  page  1624,  in  the  next  to  the  last  line,  are  the  words  ''thorough 
rolling."  Now,  as  the  word  "thorough"  is  determined  by  the  character 
of  the  material,  it  should  be  omitted,  or  very  much  modified;  for 
instance,  the  words  "properly  rolled",  might  be  substituted. 

C.  R.  Allen,  Jr.,:}:  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). § — The  Mr. 
sizes  of  screen  openings  recommended  for  stone  for  pavements  of  this 
class  is  correct  for  trap  rock,  but  there  are  many  cases  where  economy 
requires  the  use  of  inferior  stone.  In  these  eases  the  writer  has  ob- 
tained much  better  results  by  starting  with  larger  sizes  and  depending 
on  the  roller  to  crush  them  somewhat.  In  other  words,  the  sizes  of 
screen  openings  should  depend  on  the  stone  to  be  used,  and  the  estab- 
lishing of  standard  sizes  should  be  avoided. 

In  the  writer's  opinion  1  gal.  of  bituminous  material  for  each  inch 
of  macadam  is  in  many  cases  excessive;  he  is  also  doubtful  if  the 
quantity  required  is  in  direct  proportion  to  the  thickness. 

*  Washington,  D.  C. 

t  Watertown,  N.  Y. 

t  Albany,  N.  Y. 

§  Received  by  the  Secretary,  January  19th,  1917. 
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(6)  BITUMINOUS  CONCRETE  PAVEMENTS. 


By  Messrs.  E.  A.  Stevens,  Caleb  Hyatt,  George  P.  Hemstreet, 
W.  H.  CoNNELL,  R.  B.  Gage,  Prevost  Hubbard,  W.  H.  Fulweiler, 
C.  E.  Mickey,  and  W.  P.  Blair. 


Mr.  E.  A.  Stevens,*  M.  Am.  Soc.  C.  E.  (by  letter). f — The  classification 


Stevens 


of  bituminous  concrete  pavements  in  the  report  seems  to  relate  to 
pavements  laid  in  one  layer  and  of  a  homogeneous  mixture.  It  is  to 
be  regretted  that  specific  mention  is  not  made  of  pavements  laid  in 
two  courses,  such,  for  instance,  as  a  base  of  Type  A  with  a  surface  of 
Type  C,  say,  Topeka.  Such  a  pavement  is  practically  an  open  binder 
course  with  a  Topeka  instead  of  a  sheet-asphalt  surface.  Its  cost  is 
somewhat  less  than  sheet-asphalt,  and  its  probable  life  shorter,  but  it 
has  the  merit  of  being  less  slippery. 

On  macadam  bases,  there  appear  to  be  some  advantages  in  the  open 
binder  course. 

Mention  should  also  be  made  of  the  cold-mixed  method.  This 
material  has  now  been  used  for  some  8  or  9  years,  and  its  advantages 
and  shortcomings  are  fairly  well  known.  It  is  the  easiest  of  the  bitu- 
minous concretes  to  lay,  and  the  most  "fool-proof."  It  is  exceptionally 
easy  and  cheap  to  repair,  and  affords  better  foothold  than  hot  mixes 
of  the  same  grading.  Against  this,  it  is  urged  that  it  is  not  equal  to 
the  hot  mixes  in  weight-carrying  capacity,  nor  in  length  of  service, 
though  several  such  surfaces  laid  4  or  5  years  ago,  and  vmder  heavy 
suburban  trafiic,  have  not  yet  called  for  any  repairs. 

Mr.  Caleb  Hyatt,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter)  .f — The  rapidly 
increasing  use  of  asphalt  blocks  seems  to  warrant  the  mention  of  a 
few  additional  facts  which  would  be  of  use  to  engineers  engaged  in 
the  preparation  of  plans  and  specifications  for  pavements  of  this  type. 
The  application  to  road  surfaces  of  a  bituminous  concrete  pave- 
ment in  the  form  of  an  asphalt  block,  necessitates  radically  different 
methods  of  construction  and  maintenance  from  those  used  in  laying 
bituminous  concrete  in  sheet  form,  and  consequently  calls  for  somewhat 
different  conditions  of  grade,  foundation  crown,  etc. 

Maximum  allowable  grades  of  6%  for  blocks  laid  with  tight  joints 
and  of  12%  for  special  hillside  construction  are  recommended.  The 
hillside  construction  consists  of  laying  the  blocks  on  the  customary 
mortar  bed  with  |-in.  strips  between  each  row  of  blocks.     After  the 

•  Hoboken,  N.  J. 

t  Received  by  the  Secretary,  January  19th,  1917. 

t  New  York  City. 
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mortar  bed  has  set,  the  strips  are  removed  and  the  joints  are  grouted    Mr. 
with  a  1 :  2  mixture  of  thick  cement  sand  grout.     After  the  grout  has     ^^"' 
attained  a  jelly-like  consistency,  each  joint  is  carefully  raked  out  to 
a  depth  of  i  in. 

Asphalt  block,  like  nearly  all  permanent  pavements,  requires  a  curb, 
and,  on  country  roads,  an  edging  to  support  the  sides  of  the  pave- 
ment. The  thickness  of  the  artificial  foundation  of  cement  concrete 
should  be  from  4^  to  7i  in.,  and  from  4  to  12  in.  when  laid  directly 
on  an  old  macadam  or  telford  base,  depending  on  the  local  conditions 
of  the  sub-grade,  and  the  weight,  density,  and  speed  of  the  traffic. 
The  thickness  of  the  sand  cushion  or  binder  course  (in  this  case  a 
mortar  bed)  should  be  from  ^  to  1  in.  of  1 :  4  cement  sand  mortar. 
The  thickness  of  the  wearing  course  should  be  from  2  to  3  in. 

In  specifying  the  crown,  the  grade  should  receive  more  consider- 
ation. The  crown  should  be  sufficient  to  carry  off  the  water.  A  mini- 
mum crown  can  be  best  used  on  the  heavy  grades  and  a  maximum 
crown  on  the  lighter  grades.  The  crown  may  be  adjusted  to  suit  con- 
ditions, from  a  maximum  of  |  in.  to  the  foot,  to  i  in.  to  the  foot.  This 
matter  of  variation  in  crown  warrants  the  serious  consideration  of 
highway  engineers. 

In  its  recommendation  for  joints  the  Committee  states  that  cement 
mortar  and  bituminous  filler  only  should  be  used.  This  statement 
should  be  modified  for  asphalt  blocks,  or  other  malleable  block  surfaces. 
The  general  practice  is  to  use  fine  sand  for  the  joints  in  asphalt  block 
pavements,  except  imder  special  conditions.  The  block  itself  is  malle- 
able when  properly  manufactured,  and  the  traffic  soon  seals  up  the 
joints,  making  the  pavement  practically  water-proof. 

The  specifications  for  asphalt  block  pavement  on  page  1628  cover 
the  asphalt  block  in  a  general  way,  but,  with  a  specification  as  general 
as  this,  the  product  could  vary  beyond  the  limits  of  safety,  and  an 
inferior  pavement  could  be  obtained  which  would  still  be  within  the 
limits  of  the  specifications.  The  following  additions  are  recommended 
for  the  consideration  of  the  Committee: 

Physical  Chanact eristics. — The  blocks  should  be  2,  2J,  or  3  in.  thick, 
5  in.  wide,  and  12  in.  long,  and  any  variation  of  more  than  i  in.  in 
length  or  J  in.  in  width  or  depth  should  be  sufficient  cause  for  rejection. 

All  blocks  should  be  uniform  in  texture  and  composition,  straight 
and  true  to  form,  free  from  warp,  wind,  defective  forms,  or  rounded 
or  imperfectly  formed  edges.  The  planes  of  the  opposite  sides  should 
be  parallel. 

Composition. — The  blocks  consist  of  asphaltic  cement,  crushed  trap 
rock,  and  mineral  dust.  The  writer  agrees  with  the  Committee  that 
crushed  trap  rock  is  probably  the  best  material  from  which  asphalt 
blocks  have  been  made;  nevertheless,  trap  rock  cannot  be  obtained  in 
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Mr.  all  parts  of  the  country,  and  there  should  be  some  provision  to  allow 
^^  '  the  use  of  a  substitute  having  certain  definite  qualities  comparable 
with  trap  rock. 

The  mineral  dust  used  in  the  manufacture  of  the  modern  asphalt 
block  is  almost  always  made  from  limestone,  but  the  general  specifica- 
tion calls  for  either  limestone  or  Portland  cement.  If  this  Portland 
cement  item  is  allowed  to  remain  in  the  report,  it  might  be  used 
by  engineers  in  drawing  up  their  specifications,  thereby  causing  an 
unnecessary  expense  and  hardship  to  both  manufacturer  and  purchaser, 
and  therefore  this  item'of  Portland  cement  should  be  eliminated  from 
the  recommendation. 

Asphaltic  cement  may  be  made  up  of  a  combination  of  natural 
asphalt  and  artificial  asphalt  fluxes,  or  it  may  be  made  up  entirely 
of  manufactured  asphalt  and  fluxes.  The  specification  should  indicate 
which  material  is  desired.  It  is  generally  known  that  blocks  manufac- 
tured from  natural  asphalt  properly  fluxed  are  superior  in  permanency 
to  those  manufactured  from  artificial  asphalts.  It  is  highly  important, 
in  the  manufacture  of  a  first-class  block,  that  the  asphaltic  cement 
be  of  a  certain  consistency.  It  seems  well  that  additions  be  made  to 
the  specifications  to  insure  the  exact  qualities  of  the  cement  to  be  used. 
Cements  must  be  .hard  enough  to  stand  up  under  the  extreme  summer 
temperature,  and  still  soft  enough  not  to  be  excessively  brittle  under 
low  winter  temperature.  Different  climatic  conditions  require  that  the 
asphaltic  cement  be  hardened  or  softened  to  meet  these  conditions, 
and,  in  general,  as  the  horse  traffic  diminishes,  and  auto  traffic,  with 
its  attendant  heavy  loads,  increases,  the  asphaltic  cement  used  in  the 
manufacture  of  blocks  should  be  made  harder,  in  order  to  meet  the 
more  severe  conditions.  To  insure  a  cement  of  such  quality,  it  would 
be  necessary  to  specify  some  of  the  following :  Penetration,  softening 
point,  ductility,  loss  on  heating,  and  brittleness.  These  are  all  standard 
tests,  and  are  available  to  engineers  making  up  specifications  for 
asphaltic  cements. 

Where  it  becomes  necessary  to  specify  another  stone  in  place  of 
trap,  it  would  probably  necessitate  changing  the  specific  gravity,  and 
this  should  be  provided  for. 

Another  item  which  has  not  been  covered  is  the  pressure  required 
to  form  an  asphalt  block.  In  order  to  secure  a  block  of  maximum 
density,  thoroughly  filled  out,  it  is  necessary  to  apply  a  pressure  of 
between  5  000  and  7  000  lb.  per  sq.  in.,  and  without  such  pressure 
no  asphalt  block  has  ever  been  successfully  manufactured. 

It  is  necessary  to  specify  the  grading  of  the  mineral  aggregate, 
and  this  has  been  incorporated  in  the  report. 

Another  test  which  is  used  to  ascertain  the  wearing  qualities  is 
known  as  the  "rattler  test."     Nearly  all  manufacturers  use  some  form 


Papers.]   dISCUSSIOX  ON  MATERIALS  TOR  ROAD  CONSTRUCTION  749 

of  rattler,  and  it  would  seem  that  a  standard  machine  should  be  decided     Mr. 
on,  so  that  uniform  results  can  be  obtained.  ^ 

The  block  itself  should  contain  from  6^  to  8%  of  bitumen,  from 
15  to  25%  of  mineral  dust,  and  from  67  to  78i%  of  crushed  stone. 

Laying. — The  Committee  has  specified  as  to  the  laying,  and  these 
additions  might  be  of  use  for  engineers  wishing  to  specify  more  in 
detail.  The  modern  practice  in  London  and  on  the  Continent  seems 
to  be  to  lay  the  pavement  directly  on  a  foundation  which  is  finished 
to  an  exact  surface.  The  wearing  course  is  then  laid  on  this  foundation 
without  the  usual  cushion  coat.  In  laying  asphalt  block,  this  same 
condition  is  obtained  without  the  great  expense  of  bringing  the  hea^'y 
foundation  to  an  exact  surface.  On  the  foundation  course,  which 
need  not  be  absolutely  true,  the  mortar  bed  (1  part  cement  and  4  parts 
sand)  is  placed,  this  is  brought  to  a  true  surface,  and  the  blocks  are 
bedded  therein.  This  mortar  bed,  which  ordinarily  would  be  from 
i  to  J  in.  thick,  actually  forms  a  portion  of  the  foundation  course. 
In  other  words,  the  result  obtained  is  equal  to  that  of  the  best  practice 
for  heavy  streets  in  some  European  countries.  The  following  extract 
from  the  New  York  State  specifications  is  a  good  example: 

"Upon  the  foundation  shall  be  spread  a  bed  of  the  thickness  shown 
upon  the  plans,  composed  of  one  part  Portland  cement  and  four  parts 
sand,  thoroughly  mixed.  This  mortar  bed  shall  be  struck  with  a 
template  to  a  true  surface,  exactly  parallel  to  the  top  of  the  proposed 
pavement  surface  and  the  required  distance  (2,  2J,  or  3  in.)  below  it. 
The  blocks  shall  be  laid  while  the  mortar  bed  is  fresh,  and  before  it 
has  taken  its  initial  set.  All  depressions  and  other  irregularities  in 
the  surface  shall  be  corrected  by  the  Contractor  immediately.  The 
blocks  shall  be  laid  by  the  pavers  standing  upon  the  blocks  already 
laid,  and  not  upon  the  bed  of  mortar.  The  blocks  shall  be  laid  at 
right  angles  with  the  line  of  the  street,  and  in  such  a  manner  that  all 
longitudinal  joints  shall  be  broken  by  a  lap  of  at  least  four  inches. 

"The  blocks  shall  be  so  laid  as  to  make  the  lateral  joints  as  tight 
as  possible,  consistent  with  keeping  a  good  alignment  of  the  courses 
across  the  street.  When  thus  laid,  the  blocks  shall  be  immediately 
covered  with  clean,  fine  sand,  perfectly  dry  and  screened  (to  suit  the 
local  products).  This  sand  shall  be  spread  over  the  surface  and  swept 
into  the  joints,  and  shall  be  allowed  to  remain  on  the  pavement  not  less 
than  thirty  days,  or  for  such  time  as  the  action  of  traffic  on  the 
street  shall  have  thoroughly  ground  the  sand  into  all  the  joints." 

Where  traffic  is  extremely  heavy,  it  is  well  to  provide  some  form 
of  lug  or  anchor  to  prevent  the  surface  movement  of  the  pavement. 
Several  such  devices  are  now  used  with  success. 

The  writer  believes  that  the  classification  of  asphalt  blocks  under 
the  heading  "Bituminous  Concrete  Pavements,  Class  C",  is  misleading. 
The  materials  used  in  asphalt  blocks  are  not  identical  with  those  used 
in  bituminous  concrete.     The  pavement  is  a  special  type,  and  should 
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Mr.     be  separated  accordingly  into   a  classification  of  its  own,   similar  to 
Hyatt,  ^j^g  classification  for  sheet-pavements. 

Although  much  could  be  added  to  the  foregoing  discussion,  it  seems 
unwise  to  do  so  at  the  present  time,  as  the  recommendations  as  out- 
lined will  insure  engineers  of  a  basis  from  which  to  form  specifications 
which  will  procure  the  desired  product. 

Mr.  George  P.  Hemstreet,*  Esq. — Foundations. — As  the  first  cost  of  an 

^^  ^^^  '  asphalt  block  pavement  is  usually  somewhat  higher  than  the  less  durable 
types,  this  kind  of  pavement  is  generally  used  on  main  highways  which 
will  carry  heavier  and  denser  traffic  each  year.  It  is  particularly 
important  that  a  well-drained  and  rigid  foundation  be  provided  which 
is  not  only  sufficient  for  present  traffic,  but  w^hich  will  carry  the  rapidly 
increasing  motor  truck  traffic.  Trucks  carrying  5  and  6  tons  are  rapidly 
increasing  in  number,  and  trailers  with  10  or  15  tons  are  not  uncom- 
mon. Who  can  prophesy  the  size  and  speed  of  trucks  10  years  from 
now  ?  Formerly,  a  well-drained  foundation  of  concrete  4  in.  thick  was 
considered  sufficient;  to-day,  a  number  of  pavements  with  5^  or  6  in. 
of  concrete  are  being  constructed,  and  perhaps  the  traffic  of  the  near 
future  will  require  8,  10,  or  12  in.  of  concrete  to  absorb  the  shock  of 
,   the  heavy  vehicles. 

Body  Material. — By  far  the  largest  number  of  blocks  used  have 
been  made  of  trap  rock,  but  equally  good  blocks  can  be  made  of  copper 
conglomerate  and  a  somewhat  cheaper  and  less  durable  pavement  can 
be  constructed  of  suitable  hard  limestone.  If  limestone  is  used,  it 
must  be  uniform,  hard,  and  close-grained,  and  its  physical  properties 
should  be  carefully  specified.  Whatever  kind  of  body  material  is  used, 
it  must  be  clean.  If  dirty  screenings  are  used  containing  a  small 
percentage  of  clay  or  mud,  this  will  bake  fast,  when  the  stone  is  heated, 
and  insulate  the  stone  and  the  bitumen,  preventing  a  proper  bond. 
Grading  is  very  important. 

Mirleral  Dust. — The  use  of  Portland  cement  as  mineral  dust  is  an 
unnecessary  expense,  and  does  not  improve  the  quality  of  the  pave- 
ment. Dry,  pulverized,  uniformly-fine  limestone  has  proved  to  be 
the  most  satisfactory  mineral  dust. 

Asphalt  Cement.— The  physical  and  chemical  properties  should  be 
carefully  specified,  and  these  properties  are  not  the  same  as  those  of 
a  suitable  cement  for  sheet-asphalt.  The  latter  requires  a  soft,  ductile 
cement  to  provide  for  contraction  and  expansion.  Asphalt  blocks  need 
a  much  harder  and  tougher  cement,  and  the  ductility  required  is  almost 
negligible,  as  the  joints  render  any  provision  for  expansion  or  contrac- 
tion unnecessary.  The  character  of  the  cement  should  be  varied  to 
suit  the  climate  and  the  traffic  conditions.  In  the  neighborhood  of 
New  York  City,  or  with  fairly  heavy  traffic,  a  penetration  of  about  15 

*  Supt.,  Hastings  Paving  Co.,   Hastings-on-Hudson,   N.   Y. 
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at  77°  Fahr.,  and  about  65  at  115°  Fahr.,  would  be  suitable;  a  hotter       Mr. 
climate  would  require  a  penetration  of  from  40  to  60  at  115°  Fahr.     e™^^''^^*- 
and  a  colder  climate,  a  much  softer  asphalt  cement. 

To  specify  the  penetration  only  at  77°  Fahr.  is  of  little  use,  espe- 
cially for  pavements  for  hot  climates;  the  specifications  should  always 
state  the  penetration  at  32°,  77°,  and  115°  Fahr.  The  minimum 
ductility  may  be  specified,  in  order  to  prevent  the  use  of  cheap, 
non-adhesive  materials,  but  it  is  more  satisfactory  to  specify  the 
adhesion  (in  pounds  per  square  inch)  of  the  asphaltic  cement  when 
broken  at  freezing  temperature.  A  minimum  adhesion  of  900  lb.  per 
sq.  in.  is  recommended.  It  is  very  necessary  that  the  asphalt  cement 
should  not  be  brittle  in  cold  weather,  and  this  can  be  specified  by  a 
test  for  brittleness  made  in  a  Page  impact  machine  or  a  modified 
form  thereof. 

Mixing  and  Pressing. — Just  before  mixing,  the  mineral  ingredients 
should  be  properly  heated,  each  one  weighed  out  in  its  proper  propor- 
tion, thoroughly  mixed  dry,  the  weighed  quantity  of  asphalt  cement 
added,  and  the  whole  mixed  for  at  least  3  min.,  or  preferably  4  min. 
The  material  shoiild  go  to  the  press  at  a  temperature  of  from  280° 
to  310°,  where  it  should  receive  a  pressure  of  at  least  7  000  lb.  per  sq. 
in.  Sufficient  asphalt  cement  must  be  used,  not  only  to  coat  every 
particle  thoroughly,  but  to  produce  a  plastic  mass  which  will  flow  under 
pressure  in  the  mould  and  produce  a  homogeneous  block,  with  all  edges 
and  corners  thoroughly  filled.  Too  much  asphalt  cement  will  cause 
distortion  of  the  blocks  as  they  leave  the  press. 

Block  Tests. — The  specific  gravity  of  the  blocks,  for  a  known  body 
material  and  grading,  is  an  indication  of  the  lack  of  voids  in  them, 
but  the  gravity  can  be  increased  by  the  admission  of  a  percentage  of 
larger  stone,  at  the  same  time  producing  a  poorer  block. 

The  punch  test  described  in  the  New  York  State  specifications  is 
valuable,  if  the  average  of  a  large  number  of  penetrations  is  determined, 
because  the  punch  may  strike  a  large  piece  of  stone,  thus  giving  a  false 
reading;  scant  reliance  can  be  placed  on  the  result  of  only  a  few  tests. 

The  absorption  test  is  of  but  little  use.  A  block  that  will  absorb 
1%  of  water  will  be  so  porous  that  visual  inspection  should  reject  it. 
It  is  difficult  to  remove  completely  the  surface  water,  in  order  to  deter- 
mine accurately  the  absorption  of  a  fraction  of  1  per  cent. 

The  most  useful  test  is  made  by  a  modified  form  of  the  Jones-Talbot 
rattler,  usually  known  as  the  Hastings  rattler.*  About  1  sq.  yd.  of 
pavement  is  clamped  to  the  inside  periphery  of  a  cylinder  and  subjected 
to  the  pounding  and  grinding  action  of  cast-iron  cubes,  as  the  cylinder 
revolves.  Almost  any  kind  of  bituminous  pavement  wears  well  at 
ordinary  temperature,  but  suffers  at  extreme  temperatures.     For  this 

*  Described  In  the  Cornell  Civil  Engineer,  March-April,  1915. 
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Mr.        reason  the  rattler  test  is  conducted  at  a  low  and  at  a  high  temperature. 


Hemstreet. 


Blocks  that  have  high  rattler  losses  and  poor  appearance  after  test 
will  invariably  give  poor  results  on  the  street,  and  blocks  that  have 
low  losses  and  good  appearance  will  usually  prove  satisfactory  under 
traffic. 

The  blocks  should  be  true  to  size  and  shape,  and  this  is  well  covered 
in  the  New  Jersey  State  specifications. 

Laying  the  Pavement. — Usually,  the  blocks  are  laid  with  close  joints, 
as  described  in  the  New  York  State,  New  Jersey,  Brooklyn,  Toledo, 
or  Cleveland  specifications,  and  when  thus  laid  are  satisfactory  on 
grades  up  to  5  or  6  per  cent.  If  the  blocks  are  laid  with  |  or  i-in. 
joints,  and  the  joints  are  filled  with  Portland  cernqnt  grout  and  then 
slightly  raked,  a  pavement  is  produced  which  affords  an  ususually 
good  foothold  and  is  satisfactory  on  grades  a  high  as  11  or  12  per  cent. 

Motor  truck  traffic  produces  distortion  in  nearly  all  forms  of  pave- 
ment, and  this  problem  has  been  met  by  the  anchor  block  described  in 
the  New  Jersey  or  New  York  State  specifications. 

Repairs. — The  speaker  would  suggest  that  the  Committee  specify 
in  some  detail  the  method  of  repairing  cuts  or  street  openings.  It  is 
important  that  the  restored  concrete  foundation  should  be  larger  than 
the  excavation  in  order  to  have  a  bearing  on  the  shoulders.  The  blocks 
should  be  replaced  carefully,  true  to  grade  and  contour,  and  properly 
toothed  in.  If  the  cut  is  made  late  in  the  year,  the  joints  should  be 
filled  with  asphalt  of  about  140°  Fahr.  melting  point,  by  the  ring 
and  ball  method. 

Where  the  pavement  has  become  worn  and  imeven,  it  is  not  neces- 
sary to  throw  it  all  away,  for,  by  taking  up  all  the  blocks  and  sorting 
out  the  thinnest  ones,  the  remainder,  usually  from  60  to  75%,  can 
be  relaid,  the  joints  poured  with  a  suitable  asphalt,  and  an  additional 
life  of  from  10  to  20  years  obtained. 

Mr.  Blair  has  stated  that  the  Talbot-Jones  rattler  did  not  give  satis- 
factory results  when  tested  with  vitrified  brick,  but  the  speaker  is 
very  sure  that  the  lack  of  concordance  in  the  results  was  due  to  the 
fact  that  the  brick  joints  in  the  rattler  were  not  tight.  The  bricks 
were  put  in  and  separated  by  \,  or  i,  or  §  in.  and  they  were  held  in 
place  by  bolts  passing  between  the  bricks.  With  a  rattler  of  that  kind, 
and  charged  in  that  way,  concordant  results  have  never  been  obtained, 
but  if  the  bolts  are  taken  up  and  the  bricks  are  placed  tight  together, 
so  that  they  represent  a  smooth  pavement,  the  same  as  on  the  street, 
and  if  those  bricks  are  held  in  place  with  external  clamps,  and  then 
the  speed  is  regulated  by  a  sensitive  governor,  the  results  on  asphalt 
blocks  will  be  within  6  per  cent. 

The  speaker  can  check  off  a  dozen  rattler  tests  and  get  the  same 
results  within  twenty -five  points.  That  is  done  without  any  trouble; 
but  it  cannot  be  done  if  the  blocks  are  separated  by  |   in.,   and   it 


Papers.]   DISCUSSION  ON  MATERIALS  FOR  ROAD  CONSTRUCTION  753 

cannot  be  done  if  the  speed  of  the  machine  is  35  or  38  rev.  per  min.        Mr. 
If  it  is  run  at  37  or  37J  rev.  per  min.,  the  results  can  be  duplicated. 

The  cast-iron  cubes  should  be  of  approximately  the  same  hardness, 
and  the  easiest  and  most  practicable  way  to  secure  this  is  to  buy  them 
from  the  same  foundry,  and  made  of  the  same  kind  of  iron. 

W.  H.  CoNNELL,*  Assoc.  M.  Am.  Soc.  C.  E.— In  the  report.  Classes      Mr. 
A  and  B  are  defined  as  follows : 

"(A)  A  bituminous  concrete  pavement  having  a  mineral  aggregate 
composed  of  one  product  of  a  crushing  plant; 

"(B)  A  bituminous  concrete  pavement  having  a  mineral  aggregate 
composed  of  a  certain  number  of  parts  by  weight  or  volume  of  one 
product  of  a  crushing  plant  and  a  certain  number  of  parts  by  weight 
or  volume  of  fine  mineral  matter,  such  as  sand  or  stone  screenings." 

It  is  customary,  of  course,  in  all  pavements  of  that  type,  to  use 
sand  similar  to  that  used  for  asphalt  pavements.     Class  C  is: 

"A  bituminous  concrete  pavement  having  a  predetermined  mechani- 
cally graded  aggregate  of  broken  stone  or  gravel,  either  alone  or 
combined  with  fine  mineral  matter,  such  as  sand  or  broken  stone 
screenings." 

Attention  is  called  to  the  fact  that  Class  A  is  "a  bituminous  con- 
crete pavement  having  a  mineral  aggregate  composed  of  one  product 
of  a  crushing  plant",  and  in  Class  B  the  stone  is  also  composed  of  a 
certain  percentage  of  one  product  of  a  crushing  plant,  and  in  addition, 
a  certain  percentage  of  fine  mineral  matter  to  fill  the  voids. 

Later  in  the  report  there  is  this  paragraph,  referring  to  Class  B : 

"Specifications  for  pavements  of  this  class  have  generally  stipulated 
that  so  many  parts  of  broken  stone  or  gravel  and  so  many  parts  of  sand 
or  other  fine  material  are  to  be  mixed  with  a  certain  quantity  of 
bituminous  cement.  By  the  use  of  this  specification,  unless  under 
unusual  supervision,  it  is  not  practicable  to  secure  a  well-graded  aggre- 
gate. Although  in  many  cases  the  mixture  contains  an  excess  of 
broken  stone  with  insufficient  fine  material  to  fill  the  voids  therein, 
in  other  cases  it  contains  an  excess  of  sand  in  which  the  broken  stone 
is  contained  as  isolated  particles.  In  general,  because  of  the  conditions 
described,  either  bituminous  concrete  pavements  of  Class  A  or  Class  C 
should  be  used." 

Confining  the  pavements,  in  the  first  place,  to  the  more  or  less  open 
mixture  of  one  product  of  the  crushing  plants,  and  to  the  wording 
of  the  patent  pavements — as  a  matter  of  fact,  practically  all  these 
patent  pavements  are  laid  with  one  product  of  the  crushing  plant — 
this  paragraph  states  that  the  Class  A  pavement  is  all  right,  and 
it  is  described  as  one  product  of  a  crushing  plant. 

*  Philadelphia,  Pa. 
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Mr.  The  Class  B  pavement  is  described  in  the  same  way,  but  to  it  is 

added  sufficient  fine  mineral  matter  to  fill  the  voids,  making  it  a 
much  denser  pavement  than  the  Class  A.  What  is  advocated  as  a 
good  pavement?  Now,  practically  all  bituminous  concrete  work  is 
done  under  the  specification  described  under  Class  B,  one  product 
of  a  crushing  plant  mixed  with  fine  mineral  matter,  such  as  sand  or 
stone  screenings.  The  general  specification  is  two-thirds  of  stone  and 
one-third  of  sand. 

That  is  the  actual  practice  to-day,  and  the  Committee's  attention 
is  called  to  the  fact  that  the  paragraph  advising  against  this  pave- 
ment is  very  misleading  and  contrary  to  successful  practice.  One 
can  certainly  get  just  as  good  results  without  unusual  supervision  in 
Class  B,  where  fine  material  is  added  to  one  product  of  a  crushing 
plant,  as  with  Class  A,  where  fine  material  is  not  added.  Probably 
there  is  some  misunderstanding  in  connection  with  that. 

When  one  speaks  of  a  pavement  consisting  of  a  mineral  aggregate 
composed  of  a  certain  part  of  stone  and  a  certain  part  of  sand  or 
stone  screenings,  reference  is  generally  made  to  the  Warren  patents. 
Of  course,  the  speaker  is  not  discussing  the  Amesite  at  all,  as  that 
does  not  appear  to  come  under  either  of  the  three  classifications.  The 
speaker  thinks  it  would  be  well  to  take  up  this  matter  in  more  detail, 
and  note  the  specifications  for  Amesite  and  pavements  of  that  kind 
which  have  been  successful,  and  are  successful  to-day,  and  include 
them  in  the  next  report. 

Class  A  is  a  bituminous  concrete  pavement  having  a  mineral  aggre- 
gate composed  of  one  product  of  a  crushing  plant.  iS^othing  is  stated 
about  the  mechanical  grading.  Class  5  is  a  bituminous  concrete  pave- 
ment having  a  mineral  aggregate  composed  of  a  certain  number  of 
parts  by  weight  or  volume  of  one  product  of  a  crushing  plant,  to 
which  sand  is  added.  It  is  customary  to  add  to  it  regular  asphalt 
grading  sand. 

The  stone  in  Class  A  is  the  same  as  in  Class  B,  as  it  is  one 
product  of  a  crushing  plant,  the  only  difference  being  that  in  Class  B 
fine  material  is  added  to  fill  the  voids. 

Now,  in  most  cases  where  bituminous  concrete  pavements  are  laid, 
even  where  it  is  specified  that  it  should  have  a-  certain  percentage  of 
IJ-in.  stone  and  a  certain  percentage  of  |-in.  stone,  and  so  on,  the  actual 
practice  is  to  take  a  certain  percentage  of  stone,  passing  through  a 
1,  li,  or  |-in.  screen,  not  containing  more  than  5%  dust,  and  adding 
to  that  a  certain  percentage  of  sand. 

Such  pavements  are  laid  very  extensively  in  the  City  of  Phila- 
delphia, and  also  in  the  counties  surrounding  that  city.  The  speaker 
will  not  state  that  a  certain  pavement,  in  a  specific  locality,  supposed 
to   be   mechanically   graded   was   not   mechanically   graded,   unless   he 
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saw  that  that  was  done,  but  he  thinks  the  general  impression  is  that      Mr. 
most  of  these  pavements  are  not  mechanically  graded,  and  a  great  ^'"""p" 
many  of  them  under  the  speaker's  supervision  are  not  mechanically 
graded.      The   one   product    of   the   crushing    plant   gives   them    that 
grading,  and  that  has  come  out  time  and  again  in  testimony  on  this 
matter. 

In  the  run  of  the  crusher  passing  a  l^-in.  ring,  and  not  containing 
more  than  5%  of  dust,  one  often  gets  a  smaller  percentage  of  voids 
than  with  the  mechanical  grading.  That  point  has  been  fought  out, 
and  held  by  the  Coiirts  that  the  run  of  the  crusher  giving  the  smaller 
percentage  of  voids  was  an  infringement  on  the  Warren  patent ;  and 
that  specifying  the  run  of  the  crusher  is  simply  a  subterfuge. 

The  speaker  is  not  discussing  patents,  but  calls  attention  to  the 
fact  that  the  report  is  inconsistent.  In  the  first  place,  it  states  that 
Class  A  pavement  which  is  the  run  of  the  crusher,  is  all  right,  and 
then  it  states  that  Class  B  is  the  run  of  the  crusher  with  sufficient 
small  material  added  to  fill  the  voids.  The  point  the  speaker  is  trying 
to  make  is  that  the  report  should  not  state  that  Class  A  is  all  right 
with  one  product  of  a  crusher  plant  without  adding  any  sand,  and 
then  state  that  it  is  not  good  practice  when  sand  is  added  to  the 
product  of  the  crushing  plant. 

The  asphalt  seal  coat  lasts  longer  than  a  tar  seal  coat,  but  in 
many  cases  just  as  good  results  can  be  obtained — in  some  cases  better — 
and  just  as  economical,  by  using  a  tar  seal  coat  and  renewing  it  every 
2  or  3  years,  simply  with  a  very  light  application  of  cold  water-gas 
or  coal-gas  tar  over  the  road,  and,  as  a  matter  of  fact,  certain  kinds 
of  roads  can  be  kept  in  good  condition  indefinitely  by  treating  them 
in  this  way. 

R.  B.  Gage,*  Esq. — Mr.  Connell's  statement  in  regard  to  the  "run-  Mr. 
of-the-crusher"  pavement  is  no  doubt  correct.  Analyses  made  by  the  ^^^^' 
speaker,  representing  several  miles  of  pavements,  have  showai  that  these 
pavements  are  not  what  they  are  supposed  to  be,  but,  depending  on 
their  thickness,  are  composed  of  two  or  three  sizes  of  stone ;  the 
run-of-the-crusher  is  never  used  in  the  Warrenite  or  Amiesite  pave- 
ments, yet  some  of  these  pavements  are  laid  without  any  quartz  sand 
whatever.  Sand,  when  needed,  is  added  to  the  screenings  in  sufficient 
quantity  to  give  the  aggregate  the  desired  composition. 

It  may  be  that,  in  some  county  or  municipal  work,  the  run-of-the- 
crusher  has  been  used  in  order  to  avoid  the  cost  of  grading.  When 
the  stone  is  specified  as  "the  run-of-the-crusher",  one  must  take  what- 
ever the  quarry  happens  to  give,  and  may  expect  the  composition  to 
vary  greatly  for  the  same  grade  of  stone.  The  stone  from  two  trap 
rock  quarries  in  N"ew  Jersey  will  vary  in  composition. 

*  Chemist,  State  Dept.  of  Conservation  and  Development,  Trenton,  N.  J. 
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Mr.  It  is  noted  that,  under  the  heading  "Mineral  Aggregate,  Class  A", 

^^^'  it  is  stated  that  great  care  should  be  taken  not  to  burn  the  aggregate, 
yet  nothing  is  said  about  burning  bituminbus  cements.  The  report  is 
not  clear  as  to  the  kind  of  stone  aggregate  to  which  reference  is  made. 
In  regard  to  the  different  types  of  mixers,  one  of  the  best  in  use 
in  New  Jersey  is  the  rotary  drum.  The  product  turned  out  by  this 
mixer  appears  to  be  more  uniform  in  composition  and  temperature 
than  that  obtained  from  most  of  the  other  types. 


Hubbard. 


Mr.  Prevost  Hubbard,*  Assoc.  Am.  Soc.  C.  E. — Attention  is  called  to 

the  fact  that  Class  B  is  the  only  practicable  type  of  bituminous  con- 
crete pavement  to  lay,  in  many  cases,  where  bituminous  gravel  concrete 
is  used,  and  the  speaker  certainly  thinks  that  an  exception  should  be 
made  for  gravel;  in  other  words,  the  Class  A  pavement,  for  the  gravel 
alone,  would  not  be  satisfactory. 

It  is  often  impracticable  to  secure  a  graded  fine  aggregate  for 
bituminous  concrete  pavements,  and  the  speaker  knows  of  cases  where 
the  Class  B  bituminous  gravel  concrete  has  proved  satisfactory. 


Fulweiler. 


Mr.  W.  H.  FuLWEiLER,t  Assoc.  M.  Am.  Soc.  C.  E. — In  the  paragraph 

on  page  1G26,  under  the  heading  bituminous  cements,  the  report  seems 
to  be  somewhat  inconsistent.  It  is  difficult  to  understand  the  dif- 
ference between  the  character  of  a  surface  treatment  on  a  broken  stone 
road  with  a  bituminous  surface,  where  it  is  perfectly  permissible  to 
use  refined  tar,  and  a  bituminous  concrete  pavement,  where  one  is  not 
permitted  to  use  refined  tar  in  the  surface,  but  it  may  be  used  in  the 
mix.  The  speaker  thinks  the  point  is  not  well  taken,  for  the  only  road 
he  ever  saw  where  that  was  done  was  in  Rhode  Island,  4  or  5  years  ago, 
and,  so  far  as  he  knows,  the  experiment  has  never  been  repeated  any- 
where else.    For  that  reason  it  might  be  well  to  omit  all  reference  to  it. 

Mr.  C.  E.  Mickey,:}:  Assoc.  Am.  Soc.  C.  E. — Under  Class  C,  the  speaker 

'*^  '^^'  thinks  the  Committee  must  have  been  in  error  when  it  included 
Topeka  bituminous  concrete  pavements  in  its  report.  If  the  Com- 
mittee had  taken  the  trouble  to  get  information  from  the  places  in 
which  the  Topeka  specification  is  made  for  a  pavement,  but  where 
the  pavements  are  not  laid  in  accordance  with  the  specifications,  it 
is  thought  that  reference  thereto  would  not  have  been  made  in  the 
report. 

The  Topeka  specification  will  not  add  any  prestige  to  this  Society, 
and  in  the  final  report  the  speaker  would  substitute  one  based  on  the 
results  of  actual  successful  experience,  so  that  the  Society  could  say 
that  it  has  a  specification  that  will  give  success. 

*  Washington,  D.  C. 
t  Wallingford,  Pa. 
t  Lincoln,  Nebr. 
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W.  P.  Blair,*  Esq. — The  speaker  agrees  with  almost  everything  Mr. 
stated  by  Mr.  Hemstreet.  His  reference  to  the  Jones-Talbot  rattler, 
however,  ought  not  to  pass  unnoticed,  due  to  the  fact  that  in  the 
standardization  of  the  rattler  recommended  for  use  in  testing  paving 
brick,  there  is  a  great  variation  in  the  character  of  the  cast-iron  blocks, 
and  this  has  caused  a  great  variation  in  the  results  attained  with  the 
rattler.  If  that  rattler  is  used,  it  will  be  found  to  give  different  results 
in  different  cities,  due  simply  to  the  fact  that  the  cast-iron  charges 
are  different. 

•  Cleveland,  Ohio. 
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(7)  SHEET-ASPHALT  PAVEMENTS. 


By  Messrs.  Clifford  Richardson,  William  Goldsmith,  E.  W.  Stern, 
H.  L.  Maier,  C.  E.  Mickey,  and  J.  W.  Howard. 


Mr.  Clifford  Richardson,*  M.  Am.  Soc.  C.  E. — The  recommendations 

son.  for  a  proper  thickness  of  bituminous  concrete,  or  close  binder,  for 
sheet-asphalt  pavements,  limits  such  thickness,  when  compacted,  to  not 
less  than  1  in.  nor  more  than  1^  in.  A  much  greater  major  thickness 
is  permissible,  and  is  often  desirable.  In  the  construction  of  an 
extremely  satisfactory  sheet-asphalt  pavement  on  the  Victoria  Embank- 
ment in  London,  the  speaker  used  a  thickness  of  3  in.  of  bituminous 
concrete  as  a  first  course  on  an  old  water-bound  macadam,  on  which 
li  in.  of  wearing  surface  was  placed.  This  form  of  construction  has 
demonstrated  its  great  durability,  having  been  in  existence  in  that 
locality  \inder  the  heaviest  travel  for  10  years,  with  the  probability 
of  its  lasting  for  many  years  to  come. 

In  criticizing  the  statement  of  the  Committee  as  to  the  composition 
of  a  close  binder,  it  may  be  said  that  the  minimum  limit  for  the 
quantity  of  material  passing  a  10-mesh  sieve  should  be,  in  the  opinion 
and  in  view  of  the  experience  of  the  speaker,  made  30  per  cent. 

The  speaker  cannot  agree  to  the  statement  of  the  Committee  that 
the  quantity  of  coarse  sand  in  a  sheet-asphalt  surface  mixture  to  be 
subjected  to  light  traffic  should  preponderate  over  that  of  the  finer 
particles.  In  extreme  cases,  a  sand  should  not  consist  of  more  than 
30%  of  grains  retained  on  a  screen  of  40  meshes  to  the  linear  inch.f 

The  Committee,  in  taking  up  the  question  of  fillers,  requires  that 
Portland  cement,  when  used  for  this  purpose,  shall  consist  of  at  least 
66  %  of  particles  passing  a  200-mesh  sieve.  Under  recent  specifications 
of  the  American  Society  for  Testing  Materials,  a  considerably  finer 
Portland  cement  is  provided  for. 

It  is  stated  that  "The  surface  mixture  should  contain  from  6  to 
20%  of  this  filler,    *    *    *" 

The  speaker  has  never  found  it  possible  to  use  a  quantity  which 
would  show  the  presence  of  more  than  16  per  cent.  Attention  is 
further  called  to  the  fact  that  the  material  or  filler  passing  a  200-mesh 
screen  should  be  really  much  finer  than  this.  There  are  some  sands, 
such  as  the  loess  of  the  West,  all  of  which  will  pass  this  screen  but 
would  not  serve  as  a  satisfactory  filler. 

On  page  1630,  in  the  paragraph  headed  "Construction",  it  is  stated 
that  the  components  of  an  asphalt  surface  "should  be  thoroughly  mixed 
by  machinery  imtil  a  homogeneous  mixture  is  produced." 

*  New  York  City. 

t  For  reasons  stated  on  pp.  358-359  of  "The  Modern  Aspbalt  Pavenaent",  2d  ed. 
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The  use  of  the  word  "homogeneous"  is  unfortunate.     The  Century      Mr. 
Dictionary  defines  it  as:  son. 

"1.  Of  the  same  kind,  essentially  alike;  of  the  same  nature;  con- 
sisting especially  of  parts  of  one  whole. 
2.  Having  parts  of  only  one  kind — composed  of  similar  parts." 

Of  course,  a  surface  mixture  is  not  homogeneous,  but  it  may  be 
said  to  be,  and  should  be,  uniform. 
It  is  further  provided  that : 

"In  cases  where  sheet-asphalt  is  constructed  next  to  the  curb, 
it  is  advisable  to  coat  the  surface  for  a  space  of  1:2  in.  next  to  the  curb 
with  hot  asphalt  cement." 

This  practice  was  adopted  in  the  early  days  of  the  industry,  when 
surfaces  were  more  porous  than  is  the  case  to-day.  At  present  it 
is  a  useless  waste  of  material  and  time  to  provide  for  anything  of  this 
description. 

The  result  of  omitting  the  binder  course  would  be  apt  to  be  dis- 
placement of  the  surface.  In  the  early  days  of  the  industry,  when 
the  aggregate  was  less  well  balanced,  and  as  much  filler  was  not  used, 
the  great  difficulty  with  sheet-asphalt  pavement  was  that  it  was  dis- 
placed under  traffic.  In  order  to  avoid  that,  the  binder  course  was 
developed  in  Washington,  about  1888  or  1889.  The  idea  of  the  binder 
course  was  taken  from  the  old  coal-tar  pavements,  and  adopted  in  the 
asphalt  construction.  It  is  not  absolutely  necessary  to  have  the  binder 
course,  if  stability  in  the  top  course  is  assured,  but  it  is  a  safeguard. 
With  the  advent  of  what  is  known  as  close  binder — which  is  really  an 
asphaltic  concrete — the  stability  is  in  the  close  binder,  and  the  thick- 
ness of  the  surface  may  be  reduced  to  1  in.  Then  there  is  not  so  much 
opportunity  for  displacement  under  the  modern  motor  travel,  which, 
as  it  exists  to-day,  is  the  great  enemy  of  surfaces  of  all  types,  and 
especially  bituminous  surfaces. 

With  reference  to  asphalt  block,  it  may  be  seen  on  the  Pelham 
Parkway  displaced  into  large  arcs  of  circles,  merely  under  the  impetus 
of  the  motor  cars;  it  may  be  seen  likewise  in  sheet-asphalt,  and  in 
wood  block,  in  the  same  way.  At  many  places  in  New  York  City, 
where  wood  blocks  are  laid,  they  are  displaced  in  the  same  way. 

William  Goldsmith,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).f — On       Mr. 
page  1629,  the  report  states: 

"A  sheet-asphalt  wearing  course,  consisting  of  predetermined  graded 
sand,  filler,  and  asphalt  cement,  should  be  laid  to  a  compacted  thickness 
of  not  less  than  1^  in.  and  not  more  than  2  in.  on  a  binder  course  of 
bituminous  concrete  consisting  of  broken  stone  or  broken  stone  and 

•  New  Hampton,  N.  Y. 

f  Received  by  the  Secretary,  January  19th,   1917. 


Stern 
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Mr.        sand  mixed  with  asphalt  cement,  the  binder  course  having  a  compacted 
Goldsmith,  thickness  of  not  less  than  1  in.  nor  more  than  1^  in. 

In  Manhattan  Borough,  the  municipal  asphalt  plant  used  an  emer- 
gency outfit  to  repair  small  holes  as  they  appeared  in  asphalt  pavements. 
A  close  binder  was  used  in  the  hole  or  depression,  and  tamped  in.  It 
was  found  that  many  of  these  emergency  patches  lasted  longer  than 
the  adjoining  pavement.  A  modified  Topeka  mixture,  without  a  binder 
course,  was  also  tried  and  seemed  to  hold  up  as  well  as  the  regulation 
IJ-in.  binder  and  1^-in.  topping.  In  many  places,  on  repair  work, 
2  in.  of  close  binder  was  used  and  1  in.  of  topping,  which  also  held 
up  as  well  as  the  usual  construction. 

This  seems  to  indicate  that  there  is  a  grave  doubt  as  to  whether 
more  than  a  1-in.  layer  of  topping  is  necessary.  A  2-in.  layer  of  close 
binder  and  a  1-in.  layer  of  topping  is  a  cheaper  construction,  and  the 
writer  believes  it  is  just  as  durable. 

It  is  suggested,  therefore,  that  these  recommendations  be  amended 
so  as  to  include  a  2-in.  binder  and  a  1-in.  topping  surface. 

Mr  E.  W.  Stern,*  M.  Am.  Soc.  C.  E. — As  to  the  shoving  of  the  wearing 

surface  xmder  modern  traffic  conditions,  the  new  sheet-asphalt  pave- 
ment on  Fifth  Avenue,  below  59th  Street  in  New  York  City,  has 
shoved  only  slightly  in  one  spot — in  front  of  the  New  York  Public 
Library  at  42d  Street.  This  pavement  is  now  in  its  third  year.  It 
seems  as  though  the  wearing  surface,  which  has  a  penetration  of  about 
30,  is  very  suitable  for  modern  traffic  conditions.  Now,  if  that  top 
does  not  shove  on  the  binder  course,  would  it  shove  on  the  concrete 
course?    Is  it  .not  worth  while  experimenting  without  the  binder  course? 

The  reason  for  laying  the  binder  course,  as  usually  explained  some 
years  ago,  was  that  it  was  for  the  purpose  of  smoothing  up  the  base, 
which  in  those  days  consisted  mainly  of  old  granite  blocks. 

The  present  theory  that  the  binder  prevents  shoving  is  quite  modern. 

Mr.  H.  L.  MAiER,t  Assoc.  M.  Am.  Soc.  C.  E.— In  Wilmington,  Del.,  10 

'  years  ago,  there  was  laid  a  sheet-asphalt  pavement,  directly  on  a  con- 
crete base,  using  an  asphalt  cement,  having  a  penetration  of  55,  and 
it  has  never  shoved.  In  the  same  way  80  000  sq.  yd.  were  laid  in  1915, 
and  about  50  000  sq.  yd.  in  1916.  That  is  Wilmington's  experience  of 
10  years.  The  speaker  has  asked  many  engineers :  "What  is  the  use 
of  a  binder  course?"  They  have  either  avoided  the  question  or  have 
said  something  entirely  irrelevant,  or  that  "so  and  so  recommends  it." 

]Mt._         C.  E.  Mickey,:}:  Assoc.  Am.  Soc.  C.  E. — In  1911,  Dimdee,  a  suburb 
of   Omaha,   Nebr.,   constructed   about   50  000   sq.   yd.   of   sheet-asphalt 

*  New  York  City. 
t  Wilmington,  Del. 
t  Lincoln,  Nebr. 


Mickey 
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without,  and  12  000  sq.  yd.  with,  the  binder  course.  All  these  pave-  Mr. 
ments  that  have  been  subjected  to  light  traffic  are  in  excellent  condition  "^"^^y- 
to-day.  A  portion  of  one  heavy-traffic  street,  which  was  laid  without 
a  binder  course,  has  been  repaired  within  the  last  year.  It  shoved  up 
in  waves.  The  penetration  was  about  the  same  as  that  stated  by  Mr. 
Maier,  namely,  from  50  to  55,  with  the  grading  of  New  York  City  of 
1899.  The  speaker  thinks  it  would  be  a  mistake  to  omit  the  binder 
course,  because,  in  nearly  all  districts,  it  is  impossible  to  estimate  what 
kind  of  traffic  pavements  will  have  to  carry  within  the  next  5  years.  In 
certain  districts  in  Omaha  and  Lincoln,  Nebr.,  the  traffic  has  shifted 
in  6  months  from  light  to  heavy,  and,  therefore,  at  present,  pavements 
are  laid  only  for  heavy  traffic. 

J.  W.  Howard,*  Esq. — The  speaker  can  throw  some  light  on  the  ^j. 
subject  of  the  binder,  as  he  was  one  of  the  first  to  lay  asphalt  pave-  Howard, 
ments  with  a  layer  of  crushed  stone  and  asphalt  cement,  called  "binder", 
between  the  foundation  and  the  surface  layer.  European  cities  have 
never  used  a  binder,  and  as  was  the  case  in  the  earlier  asphalt  pave- 
ments in  America,  engineers  recognized  the  necessity  of  having  the 
asphalt  wearing  surface  layer  of  uniform  thickness,  laid  on  a  founda- 
tion finished  with  a  uniform  surface,  because  lack  of  uniformity  in 
the  thickness  of  the  asphalt  surface  causes  unequal  subsequent  com- 
pression and  wear. 

An  asphalt  wearing  surface  becomes  softened  in  hot  weather,  and, 
where  thick,  it  is  displaced  or  shoved  by  traffic  passing  from  the 
harder  thin  to  the  softer  thick  areas. 

In  America,  where  the  cost  of  labor  is  high,  the  concrete  founda- 
tions were  laid  with  uneven  surfaces,  a  "cushion  coat"  about  1  in.  * 
thick  having  been  formerly  used  to  even  up  the  base.  It  was  com- 
posed of  sand  and  about  12%  of  asphalt  cement.  The  sheet-asphalt, 
of  sand,  powdered  limestone,  and  asphalt  cement,  was  laid  on  this 
cushion. 

About  1897,  in  order  to  reduce  the  cost  and  provide  a  layer  which 
would  not  shove  or  slide,  and  would  even  up  the  foundations  of  con- 
crete, or  of  old  stone  blocks,  etc.,  a  mixture  of  crushed  stone  and 
about  4%  of  asphalt  cement,  by  weight,  was  used  instead  of  the  cushion 
coat  and,  because  it  bound  the  wearing  surface  to  the  base  or  founda- 
tion, it  was  called  the  "binder  course"  or  layer. 

Later,  it  was  found  that  water  got  into  this  open  or  porous  binder, 
which  became  a  blanket  drain  under  the  wearing  surface,  causing  the 
latter  to  soften  from  below;  and  the  water  freezing  did  further  injury. 
The  surface  layer  lasted  for  a  time  and  then  suddenly  broke  up  from 
decay  caused  by  the  water  which  crept  vmder  it. 

*  New  York  City. 


Howaid. 
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Mr.  Then  came  the  water-proof,  "close  binder"  which  Mr.  Richardson 

has  referred  to,  composed  of  fine  crushed  stone  or  gravel,  the  voids 
filled  with  sand,  and  the  whole  held  together  with  asphalt  cement. 

Where  asphalt  concrete  pavements  are  used  (which  pavements  should 
be  as  voidless  and  dense  as  possible)  it  is  not  necessary  to  use  binder 
at  all,  because  in  that  case,  the  whole  pavement  surface  layer  is  a 
dense  binding  mixture. 

Relative  to  the  density  of  pavement  mixtures,  it  is  the  speaker's 
custom  to  test  all  samples  of  sheet-asphalt  and  asphalt  concrete  pave- 
ment mixtures,  which  are  constantly  arriving  in  his  laboratory,  for 
their  specific  gravity  or  density.  He  requires  the  compressed  cylinder 
tests  of  density  of  sheet-asphalt  to  be  at  least  2.18;  and  those  for 
asphalt  concrete  to  have  a  density  of  more  than  2.28.  This,  with  trap 
rock  and  a  good  gradation  of  the  whole  mineral  aggregate,  can  be 
made  more  than  2.35,  and  with  the  densest  form  of  asphalt  concrete 
(called  Bithulithic)  can  be  more  than  2.50. 

Although  the  gradation  of  the  sizes  of  the  mineral  aggregate  to 
be  used  is  important,  the  proof  of  the  results  is  to  test  the  final  density 
of  the  mixture  by  compressing  it  under  great  weight  or  with  a  heavy 
hammer  in  a  suitable  mould.  This  density  test  should  be  introduced 
into  the  specifications  for  all  sheet-asphalt  and  asphalt  concrete  pave- 
ments. 
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(8)   CEMENT-CONCRETE  PAVEMENTS. 


By  Messrs.  Clifford  Eichardson,  E.  A.  Stevens,  W.  M.  Kinney, 
Samuel  Whinery,  A.  N.  Johnson,  Walter  Buehler,  E.  W.  Stern, 
H.  S.  Mattimore,  D.  a.  A-Brams,  R.  A.  Meeker,  James  W.  Routh, 
and  C.  R.  Allen,  Jr. 


Clifford  Richardson,*  M.  Am.  Soc.  C.  E.  (by  letter). f — It  is  stated      Mr. 


that  a  thickness  of  from  5  to  8  in.  may  be  considered  sufficient  for  a 
concrete  slab,  and,  if  it  seems  advisable,  for  methods  of  economy,  the 
thickness  may  be  diminished  from  the  center  of  the  slab  to  the  edges. 

In  the  writer's  opinion,  this  is  extremely- bad  practice.  A  concrete 
pavement  should  be  considered  as  an  arch,  and  that  portion  at  its 
abutments  should  be  thicker  than  at  the  center.  The  many  longitu- 
dinal cracks  which  occur  in  concrete  surfaces  appear  to  the  writer  to 
be  due  to  the  fact  that  such  surfaces  have  not  sufficient  lateral  support 
when  any  settlement  occurs  in  the  sub-soil  foundation.  A  concrete 
pavement  or  road  surface  should  be  built  on  the  principle  of  bridge 
design,  as  it  is  really  a  bridge  over  a  sub-soil. 

The  Committee  is  to  be  commended  on  emphasizing  ''the  impor- 
tance of  the  aggregate  in  making  up  concrete  structure."  The  propo- 
sition is  advanced,  in  regard  to  fine  aggregate,  that  "not  more  than  5% 
should  be  of  such  fineness  that  it  will  pass  a  sieve  having  100  meshes 
per  lin.  in." 

This  is,  no  doubt,  a  safe  provision,  but  it  should  be  regarded  as  not 
always  without  exception,  and  can  only  be  determined  by  actual  tests 
of  mortar  made  from  the  sand  in  question. 

The  further  suggestion  that :  "A  denser  and  more  uniform  concrete 
may  be  made  by  screening  the  material,  both  fine  and  coarse  aggregates, 
into  different  sizes  and  recombining"  them  is  theoretically  correct,  but 
would  hardly  be  possible  from  a  practical  point  of  view.  The  proposi- 
tion is  also  reasonable  to  do  away  with  the  arbitrary  rule  of  1:2:4  or 
1:3:5  in  proportioning  the  concrete.  The  proportions  should  be  reg- 
ulated according  to  the  character  of  the  sand  and  aggregate  available, 
and  should  also  be  determined  by  local  conditions.  The  latter  condi- 
tions may  vary  in  different  portions  of  the  same  road,  calling  for  dif- 
ferently proportioned  concrete  or  one  of  different  thickness.  It  is 
encouraging  to  see  that  attention  is  being  called  to  the  determination 
of  the  proper  quantity  of  water  in  use  in  concrete,  which  is  too  often 
neglected  both  in  quantity  and  in  uniformity. 

•  New  York  City. 

t  Received  by  the  Secretary,   January  19th,  1917. 
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Mr.  E.  A.  Stevens,*  M.  Am.  Soc.  C.  E.  (by  letter).! — Good  drainage  of 

■  the  sub-base  for  cement  concrete  pavements  is  essential.  The  impor- 
tance of  a  good  sand,  and  the  proportioning  of  the  cement  to  meet  the 
peculiar  sand  used,  and  not  in  some  arbitrary  proportion,  are  very 
clearly  stated,  and  rightly  emphasized.  The  same  is  true  as  to  quantity 
of  water.  Uniform  consistency  of  the  concrete  is  essential.  The  sub- 
ject of  joints  can  hardly  be  regarded  as  settled.  It  seems  that  pre- 
vailing practice  warrants  what  appears  to  be  the  Committee's  finding, 
that' a  joint  should  be  used  whenever  work  is  stopped  for  30  min.  or 
more,  but  not  oftener,  though  many  authorities  insist  on  joints  at 
regular  intervals. 
Mr.  W.   M.   Kinney,^   Assoc.   M.   Am.    Soc.   C.   E. — On  page   1623,   a 

'  certain  recommended  form  of  specification  for  broken  stone  is  given. 
It  is  commonly  understood  that  this  is  not  to  apply  to  broken  stone 
used  in  Portland  cement  concrete.     The  report  should  make  this  clear. 

On  page  1631,  under  the  heading  "Materials",  reference  is  made 
to  the  specifications  for  cement,  devised  and  recommended  by  the 
Special  Committee  on  Concrete  and  Reinforced  Concrete.  This  Com- 
mittee had  nothing  to  do  with  the  drawing  of  cement  specifications. 
A  Special  Committee  of  the  American  Society  of  Civil  Engineers  was 
appointed  to  co-operate  with  other  organizations  in  the  preparation 
of  a  specification  for  cement,  and  the  results  of  these  joint  labors 
appear  in  the  1916  Year  Book  of  the  American  Society  for  Testing 
Materials. 

The  Committee  specifies  a  maximum  size  of  IJ  in.  for  coarse 
aggregate.  There  is  a  growing  tendency  to  increase  this  to  2  in.  and 
even  larger.  It  is  considered  that  the  larger  particles  give  better 
wearing  qualities.  An  abrasion  test  for  coarse  aggregate  could  hardly 
be  considered  adaptable  to  pebbles  and  stone  alike,  as  rounded  pebbles 
certainly  are  much  more  satisfactory  under  the  abrasion  test  than 
angular  stone,  though  their  wearing  qualities  in  a  pavement  might 
be  the  reverse. 

The  Committee  recommends  the  use  of  mixtures  of  fine  and  coarse 
aggregates  giving  the  smallest  percentage  of  voids,  and  also  recom- 
mends proportioning  the  ingredients  on  the  basis  of  the  mechanical 
analysis  rather  than  by  arbitrary  rule.  It  is  doubtful  whether  a 
determination  of  the  voids  or  the  production  of  a  mixed  aggregate 
which  would  have  the- smallest  percentage  of  voids  will  be  found  to 
be  of  any  value  whatever;  in  fact,  the  results  may  be  very  misleading, 
and,  inasmuch  as  there  has  been  devised  thus  far  no  method  for  using 
the  mechanical  analysis  in  proportioning,  which  gives  infallible  results, 
it  is  quite  desirable  to  retain  the  arbitrary  rule  for  the  time  being.    As 

•  Hoboken,  N.  J. 

t  Received  by  the  Secretary,  January  19th,  1917. 

t  Chicago,  111. 
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this  entire  subject  is  being  studied  by  a  committee  of  the  American  Mr. 
Society  for  Testing  Materials,  and  the  results  are  likely  to  be  rather 
revolutionary,  it  is  wise  to  withhold  recommendations  until  such 
time  as  these  recommendations  are  based  on  facts  and  not  on  theories. 
The  report  states  that  the  use  of  a  wooden  float  is  necessary. 
Although,  up  to  the  present  time,  this  has  not  been  thought  advisable, 
it  is  now  considered  quite  satisfactory  to  finish  the  surface  of  a  concrete 
road  or  pavement  with  an  8  to  10-in.  belt,  operated  in  a  manner  some- 
what similar  to  the  strike  board. 

Samuel  Whinery,*  M.  Am.  See.  C.  E. — Hydraulic  concrete  pave-  Mr. 
ments  may  be  said  to  be  in  about  the  same  stage  of  development  as 
sheet-asphalt  pavements  were  30  years  ago.  In  the  absence  of  suffi- 
cient knowledge,  skill,  and  experience  at  that  time,  both  engineers 
and  contractors  had  differing  ideas  and  practiced  different  methods  as 
to  the  details  necessary  to  secure  satisfactory  work.  The  result  was 
that  although  many  good  sheet-asphalt  pavements  were  built,  many 
others  were  more  or  less  defective,  or  were  practically  failures.  We 
seem  now  to  be  passing  through  something  like  the  same  experience 
with  concrete  pavements. 

The  speaker  has  never  lacked  confidence  in  the  ultimate  success  of 
these  concrete  pavements.  He  believes  that,  when  properly  developed 
by  knowledge  and  experience,  not  only  as  to  their  construction,  but 
as  to  their  appropriate  field  of  usefulness,  they  will  be  found  eminently 
economical  and  satisfactory.  The  fact  must  not  be  overlooked  that, 
as  in  the  case  of  other  street  and  road  pavements,  they  have  their 
limitations  with  reference  to  the  weight  and  character  of  the  travel  to 
be  served.  Obviously,  they  will  fail  to  prove  satisfactory  where  the 
conditions  call  for  a  granite-block  pavement. 

The  report  of  the  Committee  on  this  particular  kind  of  road  sur- 
face is  comparatively  brief  and  unsatisfactory.  It  contains  not  a  word 
in  regard  to  the  important  questions  of  one-course  or  two-course  con- 
struction. Present  opinion  and  practice  differ  quite  widely  on  this 
matter.  Perhaps,  the  larger  area  of  concrete  pavement  thus  far  con- 
structed has  been  laid  in  a  single  course.  Future  development  in  this 
matter  will  probably  depend  on  whether  the  concrete  surface  is  to  be 
directly  exposed  to  travel  or  is  to  be  supplemented  and  protected  by  a 
carpet  coat  of  bituminous  composition.  In  case  the  first-named  prac- 
tice shall  be  found  best,  there  is  good  reason  to  believe  that  two-course 
construction  will  be  found  to  be  decidedly  preferable.  The  arguments 
leading  to  this  conclusion  are  the  same  as  in  the  case  of  other  kinds 
of  pavement.  The  two  leading  requisites  in  any  pavement  are  strength 
to  sustain  safely  the  weight  of  passing  vehicles,  and  hardness  and 
toughness  to  resist  the  surface  abrasion  of  travel.     These  functions  are 

•  New  York  City. 
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Mr.       quite    different    from    each    other.      Engineers    have    learned    that    a 

WniDGrv 

■  foundation  course  of  comparatively  lean  concrete  may  be  safely  de- 
pended on  to  sustain  the  loads,  but  both  theory  and  experience  teach 
them  that  a  richer,  harder,  and  tougher  material  is  required  to  resist 
surface  abrasion.  It  is  logical,  therefore,  to  conclude  that  the  best 
and  most  economical  results  may  be  secured  by  two-course  construction, 
designing  each  course  for  the  particular  duty  required  of  it. 

If,  however,  the  actual  wearing  surface  subject  to  abrasion  is  to 
be  a  comparatively  thin  carpet  course  of  bituminous  material,  then  the 
whole  body  of  hydraulic  concrete  may  be  designed  to  sustain  weight 
only,  and  may  be  constructed  in  a  single  course  of  comparatively  lean 
concrete,  such  as  is  now  commonly  used  for  pavement  foundation. 

Road  surfaces  of  this  latter  character  are  of  comparatively  recent 
introduction,  and  time  has  not  yet  developed  their  true  value,  par- 
ticularly as  the  bituminous  carpet  used  has  varied  quite  widely  both 
in'  composition  and  consistency.  In  the  main,  however,  they  have 
proved  quite  satisfactory  and  economical,  the  cases  of  failure  being 
generally  due  to  materials  or  methods  of  construction,  which  the 
expert  in  bituminous  road  work  would  consider  at  least  questionable. 

Time  and  experience  will  be  required  to  develop  the  best  composi- 
tion and  consistency  of  the  bituminous  material  for  the  purpose.  It 
is  safe  to  say  that  it  will  be  neither  a  light  road  oil  nor  the  usual 
asphalt  paving  mixture.  Somewhere  between  these  extremes  will 
doubtless  be  found  a  composition,  and  a  proper  method  of  applying.it, 
which  will  give  the  best  results.  It  will  probably  be  found  in  a  heavy 
asphaltic  oil  with  which  is  incorporated  a  sufficient  quantity  of  finely 
pulverized  mineral  matter  (called  "dust"  in  the  asphalt  paving  in- 
dustry) to  give  it  body  and  toughness,  the  mixture  to  be  of  such  con- 
sistency when  heated  as  to  be  readily  sprayed  on  the  concrete  surface, 
followed  by  a  coating  of  stone  chips  or  pea  gravel. 

The  principal  difficulty  heretofore  encountered  in  the  use  of  such 
a  bituminous  carpet  has  been  to  secure  permanent  adhesion  between 
the  concrete  surface  and  the  bituminous  coating.  The  failure  to 
secure  such  adhesion  has  generally  been  due  to  the  very  smooth  and 
often  "glassy"  finish  of  a  rich  mortar  surface.  This  difficulty  may  be 
largely  remedied  by  the  use  of  a  leaner  concrete,  finished  by  tamping 
or  rolling,  instead  of  by  floating  or  troweling,  and  by  applying  the 
bituminous  composition  only  when  the  surface  of  the  concrete  is  as 
dry  as  possible. 

Such  a  bituminous  surface  coat,  of  course,  will  not  be  permanent; 
it  will  require  renewal  occasionally,  dependent  on  the  quantity  and 
character  of  travel.  From  the  speaker's  observation  and  experience, 
he  would  say  that,  on  roads  and  boulevards  carrying  a  moderately 
heavy  travel,  a  renewal  will  be  required  every  3  or  4  years.     The  first 
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cost  of  such  a  bituminous  coating  is  small,  and  the  cost  per  annum  Mr. 
for  renewal,  which  should  be  substantially  the  only  cost  of  main-  "^^""y- 
tenance,  would  be  very  light.  The  speaker  has  had  xmder  constant 
observation  a  quite  heavily  traveled  boulevard  (no  travel  census  avail- 
able), paved  more  than  4  years  ago  with  concrete  having  a  carpet  of 
coal-tar  composition.  The  concrete  was  finished  with  a  smooth  and 
almost  glassy  surface,  and  the  bituminous  carpet  soon  separated  and 
disintegrated  over  more  than  half  the  surface;  but  where  the  carpeting 
has  adhered  securely,  it  is  still  in  good  condition,  effectually  preventing 
any  wear  or  abrasion  of  the  concrete. 

Where  such  a  bituminous  surfacing  is  not  to  be  used,  and  the  con- 
crete surface  is  exposed  directly  to  the  abrasion  of  travel,  two-course 
construction  will  almost  certainly  prove  to  be  the  most  satisfactory, 
and  the  surface  course  should  be  composed  and  laid  with  something 
like  the  same  precision  and  care  as  the  wearing  surface  of  a  sheet- 
asphalt  pavement.  Only  the  best  procurable  materials  should  be  used, 
the  determined  ratios  of  cement,  sand,  stone,  and  water  should  be 
adhered  to  accurately,  and  the  mixing  should  be  thorough.  Every 
effort  should  be  made  to  have  this  surface  mixture  when  in  place  as 
nearly  uniform  in  composition  and  density  as  possible.  Lack  of  uni- 
formity in  the  composition  and  density  of  the  wearing  surface  of  con- 
crete roads  is  by  far  the  most  frequent  cause  of  disintegration  'and 
chuck-holes. 

Regarding  the  proper  thickness  of  a  concrete  pavement,  the 
speaker's  opinion  is  that,  where  the  sub-foundation  is  reasonably 
good,  the  total  thickness  of  the  concrete  need  not  exceed  6  in.  Con- 
crete is  not  a  suitable  pavement  for  any  street  where  the  weight  of  the 
travel  will  not  be  carried  safely  by  6  in.  of  good  concrete. 

The  arguments  in  favor  of  making  the  concrete  thicker  in  the 
middle  than  at  the  sides  of  roads  of  ordinary  width  do  not  seem  valid, 
unless  such  a  cross-section  shall  be  found  useful  in  preventing  longi- 
tudinal cracking — of  which  there  is  as  yet  no  satisfactory  evidence. 
On  such  a  road  the  outer  wheels  of  vehicles  follow  near  the  outer  edge 
of  the  pavement;  the  weight  on  them,  due  to  the  crowning  of  the  road, 
is  slightly  greater;  and  the  edge  of  the  slab  is  not  supported  on  all 
sides,  as  is  the  part  traversed  by  the  inner  wheels.  If  the  thickness 
of  the  concrete  is  to  be  varied  at  all,  it  would  seem  logical,  therefore, 
to  make  it  thicker  at  the  edges  than  in  the  center. 

The  speaker  is  glad  to  see  in  the  report  a  tendency  to  abandon  the 
present  practice  of  proportioning  the  materials  by  gross  volumes. 
There  is  not  time  to  discuss  this  matter  at  length  now,  but  it  is  safe 
to  predict  that  in  the  not  very  distant  future  engineers  will  fix  their 
ratios  on  the  basis  of  voids  in  the  stone  and  sand  rather  than  on 
volumes. 
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Mr.  The    question    of    designing    roads    with    reference    to    the    future 

mery.  (]gygiQpjj;jpjj^  of  auto-trucks  is  attracting  much  attention.  Vehicles  of 
this  kind,  carrying  such  excessive  wheel-loads  as  to  be  destructive  to 
pavements  and  roads  amply  adequate  for  all  ordinary  travel  are  com- 
ing into  use,  and  there  is  no  evidence  that  the  wheel-weight  limit  has 
yet  been  reached.  Recent  experience  in  New  York  City  proves  that 
even  granite  block  pavements  may  be  destroyed  quickly  by  these  ex- 
cessively heavy  trucks.  If  their  continued  use  is  to  be  permitted, 
present  ideas  and  practice  in  road  building  must  be  revolutionized, 
and  the  cost  of  building  roads  must  be  greatly  increased — perhaps 
doubled  or  even  trebled.  This  will  have  to  be  done  for  the  accommoda- 
tion and  possible  slight  economy  of  a  comparatively  few  persons  or 
corporations. 

Roads  are  built  for  the  use  and  benefit  of  the  public  at  large,  and 
there  is  no  sound  reason  for  burdening  the  public  with  the  additional 
heavy  taxation  necessary  to  build  roads  and  streets  of  adequate  char- 
acter and  strength  to  carry  safely  the  enormously  heavy  vehicles  that 
a  few  may  think  will  result  in  a  slight  economy  to  them. 

Although  it  may  not  be  possible  or  practicable  to  prohibit  abso- 
lutely the  occasional  passage  over  the  roads  of  excessively  heavy  loads, 
their  common  use  may  be  prevented  effectually  by  imposing  license 
taxes  that  will  make  their  use  uneconomical.  Briefly  put,  they  should 
be  taxed  off  the  highways. 

The  speaker  considers  that  this  is  one  of  the  most  important  and 
urgent  matters  now  before  engineers  and  the  road-building  public, 
and  would  strongly  urge  that  it  be  dealt  with  promptly  and  effectually. 

^  Mr.  A.  N.  Johnson,*  M.  Am.   Soc.   C.  E. — Mr.  Richardson  has  men- 

Johnson.    ■        1    1  ■  ■  .  11-1  1-1 

tioned  the  proposition  to  increase  the  thickness  at  the  sides  and  make 

the  center  thin,  to  act  as  an  arch.  The  speaker  cannot  see  how  any 
substantial  arch  action  can  be  obtained  with  any  possible  practical  con- 
struction of  that  sort;  and,  if  it  is  theoretically  proper,  why  not  thicken 
the  sides  of  the  concrete  base  of  any  pavement  for  the  same  reason? 

Mr.  Whinery  has  mentioned  covering  concrete  roads  with  bitu- 
minous tar  as  having  proved  satisfactory  wherever  it  has  been  used. 
Wherever  it  has  proved  satisfactory  is  the  exception  rather  than  the 
rule,  and  there  is  no  evidence  of  being  able  to  maintain,  beyond  pos- 
sibly 3  years,  the  bituminous  covering  intact.  It  soon  loosens  and 
scales  off  in  large  pieces,  necessitating  rebuilding  the  bituminous  top, 
and  thus  adding  merely  a  useless  expense  for  maintenance. 

The  report  gives  the  size  of  the  coarse  aggregate  as  1^  in.  The 
speaker  is  of  the  opinion,  which  agrees  with  that  of  many  who  have 
built  a  large  number  of  concrete  roads,  that  aggregate  as  large  as  2 
and  possibly  2^  in.  will  prove,  and  is  proving,  desirable;  and  the  Com- 

*  Chicago,  111. 
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mittee  on  Concrete  Koads  of  the  American   Concrete  Institute,  has     Mr. 
recommended  increasing  the  size  of  the  aggregate  to  2  in. 

The  report  states  that  the  aggregate  should  not  lose  more  than  5% 
by  abrasion  in  the  familiar  French  Deval  test.  A  close  examination 
of  the  concrete  roads  in  service,  and  the  character  of  the  aggregate  as 
shown  by  the  abrasion  test,  will  bring  the  conclusion  reached  by  the 
speaker  and  a  number  of  others,  that  the  abrasion  test  furnishes  no 
comparative  value  for  a  given  material  in  use  in  a  concrete  road,  and 
that  some  other  form  of  test  must  be  devised  in  order  to  weigh  or  judge 
between  two  aggregates  as  to  their  value  in  a  concrete  road  under 
service.  That  is  easily  understood,  and  almost  obvious.  The  rock  is 
held  firmly  in  place,  and  the  sand  mortar  crust  is  able  to  take  very 
considerable  wear.  The  sand  mortar  thus  acts  as  a  sort  of  evener, 
holding  up,  and  protecting  from  traffic  the  softer  stones,  and  making 
them  last  longer;  and,  in  the  case  of  the  harder  stones,  possibly  making 
them  wear  more,  by  exposing  them  to  greater  wear  than  the  softer 
rock  protected  by  the  sand  mortar. 

The  proper  thickness  is  mentioned  by  Mr.  Whinery,  he  suggesting 
that,  where  it  was  practicable  to  use  concrete  for  streets,  the  thickness 
should  not  exceed  6  in.  The  speaker  would  modify  that  by  stating 
that  the  thickness  should  not  be  less  than  6  in.,  and  it  should  be  in- 
creased toward  the  center  to  allow  for  some  crown,  making  the  sub- 
grade  as  flat  as  possible.  A  flat  sub-grade  is  to  be  preferred  to  one 
that  is  crowned.  A  very  interesting  phenomenon  has  been  observed 
on  the  California  roads,  which  are  about  4  in.  thick.  On  these  roads 
there  has  been  developed  a  class  of  traffic  that  did  not  exist  before.  On 
one  road,  a  pile  of  material  had  forced  the  heavy  freight  truck  traffic 
to  one  edge,  and  pieces,  perhaps  5  or  6  ft.  long,  had  been  broken  out, 
with  characteristic  fractures.  Where  there  was  much  of  this  heavy 
freight  truck  traffic  there  is  evidence  that  a  thickness  of  4  or  4^  in. 
is  not  enough.  Therefore  the  recommendations  usually  made  for  con- 
crete roads,  that  they  should  not  be  less  than  6  in.  thick,  is  absolutely 
sound,  and  it  is  probable  that  they  will  be  built  thicker  rather  than 
thinner. 

The  report  does  not  mention  what  is  thought  to  be  a  very  important 
consideration  in  the  proper  construction  of  concrete  roads :  In  Sioux  • 
City  there  is  a  large  mileage  of  concrete  roads  that  have  proved  excep- 
tional. The  same  is  true  in  Macon,  Ga.  Apparently,  the  methods  of 
construction  in  those  places  differ  considerably.  In  Sioux  City  there 
is  used  a  very  heavy  float  of  2-in.  plank,  which  requires  considerable 
effort  to  manipulate  in  finishing  the  surface.  In  Macon,  Ga.,  a  hollow, 
sheet-iron  roller,  about  8  in.  in  diameter,  from  6  to  8  ft.  long,  and 
attached  to  long  poles,  is  rolled  over  the  freshly  laid  concrete.  Each 
of  these  methods  performs  more  than  the  mere  finishing  of  the  surface. 
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Mr.  Each  compacts,  and  each  removes  the  water,  and  this  has  the  effect  of 
nson.  jjjgj^^jjg  -^Yie  concrete  of  the  utmost  density.  The  Macon  method, 
developed  by  J.  J.  Gaillard,  M.  Am.  Soc.  C.  E.,  City  Engineer,  is  much 
more  simple  in  operation,  does  not  require  as  skillful  workmen,  and, 
moreover,  gives  a  somewhat  more  even  surface  than  that  used  in  Sioux 
City.  To  secure  as  dense  and  compact  a  concrete  as  possible  for  a  road 
surface  is  an  important  and  essential  feature. 

Mr.  Walter  Buehler,*  M.   Am.    Soc.   C.   E. — Some  3  years  ago,  the 

United  States  Steel  Corporation  built  concrete  pavements  of  two 
types  in  its  model  city,  near  Duluth,  Minn.  One  type  had  a  thickness 
of  5|  in.  at  the  gutter  and  8^  in.  at  the  crown  (average  7  in.),  and 
was  reinforced;  the  other  had  a  thickness  of  8  in.  throughout,  and  was 
not  reinforced.  The  speaker  saw  these  pavements  a  year  after  they 
had  been  laid,  and  after  they  had  passed  through  one  very  severe 
winter.  Cracks  had  developed  in  the  unreinforced  8-in.  pavement, 
but  not  in  the  reinforced  7-in.  one,  the  reinforcement  apparently  being 
of  more  value  than  the  additional  inch  in  thickness. 

Mr.  •  E.  W.  STERN,t  M.  Am.  Soc.  C.  E. — Cement  concrete  pavements 
'^'^"'  offer  some  great  advantages,  and  the  Committee  is  urged  to  gather  all 
possible  data  in  connection  with  this  new  and  very  useful  type. 

The  speaker  has  examined  several  hundred  miles  of  such  pave- 
ments, and  all  which  had  been  built  properly,  and  in  accordance  with 
modern  methods,  seemed  to  be  very  good,  and  the  maintenance  cost 
very  low.  As  an  example,  at  Bay  Shore,  Long  Island,  there  is  a 
concrete  road,  built  as  a  continuation  of  a  surface  treatment  macadam 
road.  The  traffic  conditions  are  exactly  the  same  for  each  type.  The 
concrete  road  had  practically  no  maintenance  cost  in  3  years.  The 
surface  treatment  macadam  road  cost  about  $1  500  per  mile  per  year 
for  the  same  period. 

The  speaker  has  seen  cuts  in  concrete  pavements  repaired  so  well 
that  they  were  indistinguishable  from  the  adjoining  surface,  except 
for  the  color  of  the  cement. 

Rir.  H.  S.  Mattimore,:}:  Assoc.  M.  Am.  Soc.  C.  E. — In  regard  to  fine 

imore.  aggregate,  the  speaker  believes  that  the  3%  requirement  on  a  200-mesh 
sieve  is  superfluous,  because  an  excessive  quantity  of  fine  material 
would  be  eliminated  in  the  specified  5%  on  the  100-mesh  sieve. 

Mr.  D.  A.  Abrams,*  Esq. — The  statement  in  the  report  links  the  voids 

in  the  aggregate  and  density  of  the  concrete  in  such  a  way  as  to  indi- 
cate that  in  the  minds  of  the  Committee  these  two  are  synonymous. 
As  a  matter  of  fact,  research  work  carried  out  by  the  speaker  at  the 

*  Chicago,  111. 
t  New  York  City. 
t  Albany,  N.  Y. 
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Structural  Materials  Eesearch  Laboratory,  Lewis  Institute,  Chicago,  Mr. 
shows  that  engineers  have  been  very  largely  misled  in  believing  that  '^*'"^' 
the  voids  in  the  dry  aggregate  was  an  important  criterion  as  to  the 
value  of  these  materials  in  concrete.  It  is  found  that  the  voids  in  the 
dry  aggregate  is  not  a  proper  criterion.  As  a  matter  of  fact,  one  can 
give  examples  of  aggregate  which  will  show  exactly  the  same  voids, 
but  very  different  strengths  in  mortar  or  concrete.  On  the  other  hand, 
one  can  find  mixtures  which  will  give  lower  voids,  and  also  lower 
strengths,  than  other  mixtures  with  higher  voids.  The  speaker  does 
not  refer  to  bituminous  mixtures ;  but  for  concrete  he  is  sure  that  engi- 
neers have  been  entirely  misled  by  assuming  that  voids  in  the  dry 
aggregate  is  a  proper  criterion  of  the  relative  merits  of  the  material 
in  concrete. 

E.  A.  Meeker,*  M.  Am.  See.  C.  E. — There  is  a  general  impression  Mr. 
throughout  the  country  that  the  cure  for  all  ills  of  concrete  pavements  ^^^^'^*^''- 
is  reinforcement.  The  speaker  has  seen  reinforced  concrete  pavements 
Avhich  have  cracked  just  as  badly  as  those  that  were  not  reinforced. 
He  has  seen  unreinforced  concrete  without  a  single  crack  in  it,  and 
reinforced  concrete  with  cracks  in  which  one  could  put  his  finger. 
This  is  merely  one  of  the  century-old  problems  of  a  proper  foundation. 
All  are  familiar  with  the  conditions  which  cause  the  breaking  of 
concrete  slabs  in  sidewalks.  A  concrete  slab  in  a  sidewalk,  if  there 
is  soft  material  under  one  end  and  hard  material  under  the  other, 
is  very  likely  to  crack.  In  laying  concrete  for  sidewalks,  care  is 
taken  to  remove  every  hard  particle  from  under  the  slab,  and  to 
put  in  a  layer  of  sand  as  a  cushion  to  support  it.  On  one  road  built 
in  New  Jersey  in  1916,  to  obtain  that  result,  the  speaker  prescribed 
that  the  sub-grade  should  be  brought  to  a  level  3  in.  above  the  finished 
grade,  that  the  entire  sub-grade  should  then  be  plowed,  and  then 
rolled  and  consolidated,  after  which  the  concrete  was  laid.  In  this 
way  an  even  and  uniform  settlement  was  obtained.  Reinforcement 
alone  will  not  prevent  a  concrete  slab  from  cracking. 

James  H.  RouTH,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:]: — Inas-    Mr. 
much  as  the  Committee  refers  to  the  section  of  its  report  on  concrete 
pavements  for  information  as  to  the  construction  of  concrete  founda- 
tions, the  writer  wishes  to  discuss  this  section  from  the  point  of  view 
of  the  foundation. 

It  is  believed  that  a  more  detailed  statement  as  to  the  character 
of  the  fine  aggregate  could  be  made  with  benefit.  It  is  also  believed 
that  even  more  stress  should  be  laid  on  the  quantity  of  water  to  be 
used  in  preparing  concrete.     The  writer  is  of  the  opinion  that  this 

*  Plalnfleld,  N.  J. 
t  Rochester,  N.  Y. 
t  Received  by  the  Secretary,  January  19th,  1917. 
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Mr.     quantity  should  be  specified,  as  well  as  the  quantity  of  other  materials, 
°"    ■  as  water  plays   a  most  important  part   in  the  manufacture  of  good 
concrete. 

In  the  construction  of  concrete  pavement  foundations,  there  is, 
perhaps,  more  carelessness  evident  in  the  control  exercised  over  the 
water  than  over  any  other  factor  entering  into  the  building  of  a  pave- 
ment. Generally  speaking,  this  carelessness  takes  the  form  of  allowing 
the  use  of  excessive  quantities  of  water.  A  very  wet  mix  is  easier 
to  obtain,  flows  more  readily  from  the  mixer  spout,  and  requires  less 
labor  to  place  than  a  mix  of  the  proper  consistency.  That  excessive 
quantities  of  water  must  result  in  segregation  of  materials,  washing 
out  of  a  portion  of  the  cement  and  a  consequent  weakening  of  the 
entire  structure,  is  lost  sight  of.  Frequently,  the  point  of  view  is 
that  "anything  goes  so  long  as  it  is  covered  up." 

The  foundation  of  a  bridge,  a  building,  or  a  dam  is  considered 
to  be  at  least  equal  in  the  importance  to  the  superstructure.  The  writer 
sees  no  reason  for  not  considering  the  foundation  of  a  pavement  also 
fully  as  important  as  its  superstructure  or  wearing  surface.  It  is  his 
experience  that  at  least  50%  of  pavement  failures  are  due  to  the 
policy  of  allowing  "anything  to  go  so  long  as  it  is  covered  up."  There- 
fore, he  believes  that  the  Committee  may  well  emphasize  the  impor- 
tance of  care  in  constructing  the  foundation  courses  of  pavements,  and 
that,  in  particular,  it  should  emphasize  the  need  for  care,  and  still 
more  care,  in  the  control  of  the  water  factor  in  concrete. 

Another  point  it  is  desired  to  raise  is  that  of  sprinkling  and 
protecting  concrete  during  the  process  of  hardening.  A  year  ago 
the  Committee  stated  that  provision  for  this  should  be  made  "if 
possible."  This  statement  was  criticized  from  the  viewpoint  that  the 
phraseology  "if  possible"  should  not  be  incorporated  in  specifications, 
and  that  this  Society  should  not  officially  recognize  any  arguments 
as  to  the  impossibility  of  contractors  and  builders  complying  with 
recognized  good  practice.  It  is  the  writer's  opinion  that  this  criticism 
was  just;  this  year,  however,  the  Committee  has  not  only  omitted 
the  "if  possible",  but  all  mention  of  the  matter.  Good  concrete  is 
essential  to  good  pavements.  That  is  admitted.  Then  why  should  re- 
quirements which  are  necessary  to  secure  good  concrete  be  waived 
because  of  no  real  reason  except  the  disinclination  of  contractors  and 
builders  to  take  pains  with  what  is  to  be  covered  up? 

Mr.         C.  R.  Allen,  Jr.,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).! — It  is 
"®°"  the  writer's  experience  that,  in  many  cases  in  cement-concrete  pave- 
ments, stone  larger  than  IJ  in.  may  be  used,  and  that  larger  sizes  are 
in  fact  desirable  if  well  graded. 

*  Albany,  N.  Y. 
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The    report,    in    describing    the    construction    of    cement-concrete   Mr. 
pavements,    seems   to   be   incomplete   without   some   mention   of   the  -'^"^"■ 
time   devoted   to   mixing.      The   writer   suggests   the   insertion   of  the 
following,  from  the  Proceedings  of  the  Second  National  Conference 
on  Concrete  Eoad  Building: 

"The  mixing  should  be  continued  for  at  least  1  min.  after  all 
materials  are  in  the  mixer  and  before  any  of  the  concrete  is  discharged. 
The  speed  of  the  mixer  should  not  exceed  16  rev.  per  min. ;  the  number 
of  revolutions  per  batch  should  not  be  less  than  10 ;  however,  the  time, 
and  not  the  number  of  revolutions,  should  be  the  factor  for  deter- 
mining proper  mixing,  in  order  to  distribute  the  water  through  the 
batch." 
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(9)  BEICK  PAVEMENTS. 


By  Messrs.  Will  P.  Blair  and  Maurice  B.  Greenough,  Clifford 
Richardson,  Prevost  Hubbard,  J.  W.  Howard,  James  "W.  Routh, 
Frank  B.  Dunn,  William  C.  Perkins,  and  W.  M.  Kinney. 


Messrs.        WiLL  P.   Blair,*   Esq.,   and  Maurice   B.   Greenough,*   Esq.    (by 

and     letter)  .f — On  page  1G32  it  is  stated  that  the  maximum  grade  of  cement- 

^^gh.  gro^t  filled  brick  pavements  should  be  limited  to  6%,  and  that,  for 

steeper   grades,    when   "hillside"   brick   are   used,    "bituminous   joints 

should  always  be  used." 

The  writers  submit : 

1. — That,  when  "hillside"  brick  have  been  used  on  steep  grades, 
only  in  rare  instances  has  any  filler  but  cement-grout  been  used,  and, 
furthermore,  that  the  use  of  "hillside"'  brick  with  cement-grout  filler 
is  superior  in  all  respects,  in  service  rendered,  to  that  produced  by 
bituminous  filler  with  similar  brick. 

2. — With  monolithic  construction,  no  filler  but  cement-grout  has 
ever  been  used. 

Artificial  Foundations. — The  discussion  on  artificial  foundations 
on  page  1633  would  imply: 

(a)  That  a  minimvim  of  4  in.  for  concrete  foundations  is  the  best 
practice. 

(&)  That  dispensing  with  the  concrete  foundation  hinges  on  low- 
priced  brick,  exceptional  bearing  qualities  of  the  underlying  soil,  and 
lack  of  funds  to  provide  a  more  substantial  road  surface;  and  that, 
when  these  conditions  obtain^  sand  should  be  the  joint  filler. 

(c)  At  the  end  of  the  first  paragraph  on  page  1633,  the  statement 
is  made:  "If  the  roadway  is  not  kept  clean,  the  material  which  accumu- 
lates on  the  surface  of  the  wearing  course  will  protect  it  from  injury, 
and  its  function  will  then  be  simply  to  provide  a  foundation  for  an 
earth  road." 

The  writers  submit : 

1. — That  80%  of  the  pavements  of  the  City  of  Cleveland,  Ohio, 
and  also  to  the  extent  of  thousands  of  square  yards  in  many  other 
cities,  are  laid  on  the  natural  earth  foundation  with  cement-grout 
filler.  The  service  rendered,  frequently  without  expenditure  of  any 
money  whatever  for  repairs  or  maintenance  from  wear  and  tear, 
covering  a  period  of  from  10  to  20  years,  relieves  this  type  of  con- 
struction from  any  implication  of  ill  adaptation  or  of  being  a  make- 
shift.    In  a  wide  territory  throughout  the   South,  this  type  of  con- 

*  Cleveland,  Ohio. 
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structiou  has  been  used  to   so  large  an  extent   that   it   can   scarcely  MesBis. 

1       .  1  Blair 

be  Ignored.  and 

2. — That  thousands  of  square  yards  of  the  best  brick  pavements  ^'f^'°' 
are  laid  on  broken  stone  and  old  macadam  foundations. 

The  writers  are  at  a  loss  to  understand  why  it  is  stated  that  a 
brick  street  or  road,  any  more  than  one  of  any  other  type,  when  it 
becomes  dirty,  should  be  regarded  as  merely  a  foundation  of  an 
earth  road.     Experience  does  not  warrant  this  statement. 

Cushion  Course. — On  page  1633  the  following  statements  are  made : 

(a)  Recommending  the  sand  cushion  for  brick  pavements,  pre- 
sumably with  cement-grout  fillers  as  well  as  other  fillers. 

{h)  The  semi-monolithic  method  of  laying  brick  pavements  on  a 
sand-cement  super-foundation  is  referred  to,  but  only  reference 
thereto  is  made.  This  type  is  criticized  on  the  grounds  of  being 
not  well  adapted  to  withstand  shock. 

(c)  The  recommendation  for  a  bituminous  cushion  course  implies 
that  this  is  a  well-known  and  commonly-vised  method  of  laying  brick 
pavements. 

The  writers  submit : 

1. — That  all  elements  of  value  recognized  in  the  use  of  the  sand- 
cushion  type  have  been  found  to  be  well  conserved  in  the  green 
concrete  foundation  type,  as  well  as  increasing,  adding  to,  and  ren- 
dering certain,  economies  in  use;  by  such  methods,  also,  hazard  in 
construction  is  greatly  minimized,  and  the  cost  of  performing  the 
work  is  lessened.  It  is  well  established,  also,  that  this  type  of  con- 
struction possesses  a  flexibility  in  design,  adjustable  to  the  varied 
natural  conditions  due  to  locality,  to  the  varied  service  required  of 
a  road,  as  well  as  meeting  possible  limitations  in  financing,  which 
so  often  determine  whether  a  road  is  or  is  not  to  be  built — advantages 
to  which  the  public  is  surely  entitled. 

2. — That  the  use  of  bittnninous  cushion  courses  has  never  passed 
beyond  the  purely  experimental  stage  in  isolated  places,  if  even  that 
far,  and  therefore  reference  thereto  should  take  due  account  of  this 
fact. 

The  writers  cannot  but  feel  a  deep  sense  of  the  importance  and 
influence  which  will  attach  to  a  report  on  brick  pavement  construction 
by  a  Committee  of  this  Society,  both  in  respect  to  its  worth  to  the 
country  and  to  the  paving  brick  industry. 

This  dual  interest  in  the  report  lies  in  its  correctness,  in  order 
that  the  public  may  be  benefited  by  the  dissemination  of  knowledge  of 
the  best  practice  in  brick  road  construction ;  and,  closely  associated 
with  this  thought  is  the  benefit  to  the  paving  brick  industry  which 
arises  in  a  public  well  served. 

Impressed  thus,  as  the  writers  are,  and  at  the  same  time  enter- 
taining a  most  sincere  belief  that  these  suggestions  will  meet  in  the 
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Messrs.  largest  measure  the  Society's  position,  as  well  as  supply  the  public 
^and    with  the  largest  measure  of  its  needs  in  this  direction,  they  are  willing, 
*o^uKh    ^y  ^^y  ^^^  every  means,  to  substantiate  in  the  minds  of  the  Com- 
mittee the  wisdom  of  this  position,  and  to  that  end  will  undertake  to 
furnish   all  the  evidence   and  testimony   necessary   to   establish   such 
a  conclusion. 

Mr.  Clifford  Kichardson,*  M.  Am.  Soc.  C.  E.  (by  letter). f — The  Com- 

son*'  "  mittee  is  to  be  commended  for  bringing  to  the  attention  of  engineers 

the  bedding  of  brick  in  cement  mortar  instead  of  placing  them  on  a 

sand  cushion.     This  is  a  rational  form  of  construction  which  should 

have  been  adopted  years  ago. 

Mr.  Prevost   Hubbard,:}:  Assoc.  Am.   Soc.   C.  E.    (by  letter)  .f— Many 

^"  ^^  ■  conflicting  opinions  have  been  expressed  by  various  engineers  as 
to  the  relative  merits  of  the  monolithic  and  sand-cushion  types 
of  brick  pavements,  as  well  as  cement-grout  and  bituminous  joint 
fillers  for  brick.  Though  these  opinions  have  undoubtedly  been 
based  on  personal  observation  or  exijerience,  very  little  definite  data 
have  been  presented  on  the  subject,  other  than  that  included  in  certain 
generalities.  It  was  felt  that  information  of  some  value  might  be 
obtained  by  conducting  certain  physical  tests  on  sections  of  brick 
pavements  constructed  in  the  laboratory.  On  the  suggestion  of  C.  H. 
Moorefield,  Assoc.  M.  Am.  Soc.  C.  E.,  a  series  of  laboratory  tests  was 
therefore  started  a  few  months  ago  in  the  United  States  Office  of 
Public  Roads  and  Rural  Engineering.  Thus  far  these  tests,  which 
should  only  be  considered  as  preliminary,  have  developed  a  few  facts 
which  appear  to  be  of  sufficient  interest  to  warrant  presentation. 

Because  it  could  most  readily  be  made,  and  also  because  it  gave 
promise  of  developing  facts  of  most  interest,  an  impact  test  was 
decided  on  for  preliminary  investigations.  The  large  Page  impact 
machine  of  the  Office  was  made  available  for  testing  sufficiently  large 
sections  of  pavement  by  inserting  a  flanged  section  under  the  main 
supporting  column,  so  that  the  plunger  could  be  raised  high  enough 
to  place  beneath  it  a  test  specimen  10  in.  or  more  in  thickness. 

The  sections  of  pavement  for  test  were  constructed  in  a  rectangular 
bottomless  box  mould  or  frame  made  of  f-in.  boiler  plate.  This  frame 
was  siifficiently  deep  to  allow  for  a  6-in.  concrete  foundation  and  a 
1-in.  cushion  in  addition  to  the  paving  brick.  Allowing  for  joints, 
the  area  of  the  test  section  was  that  of  six  bricks  arranged  as  .shown 
in  Fig.  1. 

For  all  tests  here  reported  a  1:3:6  concrete  base  was  cast  in  the 
frame  and  allowed  to  age  for  at  least  7  days  before  testing.     On  the 

•  New  York  City. 
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base  the  bricks  were  set  in  some  cases  on  a  1-in.  or  2-in.  compacted      Mr. 
sand  cushion,  and  in  other  cases  on  a   1:3   cement-mortar  cushion 
spread  dry  on  the  green  concrete.     Some  sections  were  grouted  with 
a  heated  bituminous  filler. 

Tests  were  made  by  placing  the  entire  specimen  in  the  frame  on 
the  anvil  of  the  im-pact  machine  so  that  the  plunger  rested  on  the 
center  of  the  upper  surface  of  the  center  brick.  The  blow  of  a  10-kg. 
hammer  was  then  delivered  in  increasing  increments  of  5  cm.  drop. 
The  rebound  of  the  hammer  was  measured  for  each  blow,  and  the 
height  of  that  blow  which  caused  failure  was  noted,  together  with 
any  particular  conditions  of  interest  which  developed  in  the  specimen 
during  test. 

In  these  tests  two  lots  of  paving  brick — re- 
pressed, and  wire-cut  lug — were  obtained  from  a 
brick  manufacturer,  with  a  request  that  at  the 
plant  each  lot  be  selected  with  a  view  to  including 
as  uniform  brick  as  i)Ossible.  When  subjected 
to  the  rattler  test,  however,  there  was  found  to 
be  considerable  variation  in  the  loss  of  individual  ^^'^'  ^' 

bricks,  although  the  average  was  low,  as  shown  in  Table  1. 


TABLE  1. — Test  of  Paving  Bricks. 


Repressed.                     Wire-cut  lug. 

Eattler  Test: 

14.2                                    13.7 

20.2                                    34  2 

17.2                                    17  8 

Toughness  Test  (10-kg.  hammer) : 

46 
60 
51 

40 

50 

45 

From  Table  1  it  is  also  evident  that  considerable  variation  exists 
in  the  resistance  to  impact  offered  by  individual  bricks,  the  toughness 
values  given  being  the  results  obtained  by  testing  eight  individual 
bricks  of  each  type. 

The  cement  and  aggregate,  used  in  the  preparation  of  the  concrete, 
mortar  cushion,  and  grout,  met  the  usual  test  requirements.  The 
asphalt  filler  used  in  these  tests  showed  the  following  characteristics: 
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Asphalt  Filler. 

Specific  gravity,   25°/25°    cent 1.002 

Penetration,  25°  cent,  100  grams,  5  sec 33 

"  0°  cent.,  200  grams,  1  min 26 

"  46°  cent.,     50  grams,  5  sec 50 

Loss,  163°  cent.,  5  hours 0.1% 

Penetration  residue,  25°  cent.,  100  grams,  5  sec 30 

Soluble  in  carbon  disulphide 99.95% 

Organic  matter  insoluble 0.04% 

Inorganic  matter  insoluble 0.01% 

100.00% 

Bitumen  insoluble  in  86°  B.  naphtha 32.38% 

Bitumen  insoluble  in  carbon  tetrachloride 0.75% 

Fixed  carbon 15.4% 

The  results  of  tests  on  sections  of  pavement  constructed  with  the 
repressed  brick  are  shown  in  Table  2. 

TABLE  2. — Tests  of  Sections  of  Pavements. 


Filler 

Cement  Grout. 

Bitumin- 

ous. 

1  in.  Mortar. 

2  in. 

Sand. 

lin. 
Sand. 

1  in  Sand 

7 

14 

28 

7 

28 

28 

3 

Maximum  blow,  in  centimeters  . . 
Grout  cracked  at,  centimeters  . . . 
Maximum  rebound,  in  centimeters 
Base  cracked 

80 

70 

23 
Yes 
Yes 

90 

? 

26 
Yes 
Yes 

95 
80 
25 
Yes 
Yes 

80 

40 

7 

No 

95 
40 
10 
No 

80 
40 
'8 
No 

90 

No 

5 

No 

Brick  left  base 

Check  tests  were  made  in  a  number  of  cases  and  found  to  run  close 
together.  Where  such  checks  were  made,  the  average  results  are  given 
in  Table  2. 

On  comparing  these  results,  it  will  be  seen  that  the  following  facts 
are  indicated,  if  not  conclusively  proved: 

1. — As  compared  with  a  sand  cushion,  the  monolithic  type  of  con- 
struction does  not  protect  the  brick  from  the  effect  of  impact,  but  does 
tend  to  increase  the  resistance  to  impact  of  the  grout  filler  when  the 
blow  is  delivered  on  the  brick.  In  the  monolithic  structure,  therefore, 
there  is  less  tendency  for  the  grout  filler  to  separate  from  the  brick, 
although  failure  of  the  grout  may  be  expected  to  occur  before  a  general 
failure  of  the  brick. 

2. — In  the  monolithic  structure,  failure  of  the  brick  under  impact 
resulted  in  failure  of  the  entire  structure,  including  the  foundation. 
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but,  with  a  sand  cushion,  no  failure  in  the  foundation  occurred  under      Mr. 
the   impact  which  caused  failure  of  the  brick.     This  fact   seems  to 
throw  into  question  the  recommendation  frequently  made  of  using  a 
thinner    foundation    for    the    construction    of    the    so-called    mono- 
lithic type. 

3. — The  capacity  of  the  monolithic  pavement  for  absorbing  the 
shocks  of  impact  is  much  less  than  where  a  sand  cushion  is  used. 

4. — There  seems  to  be  no  great  difference  in  effect  between  a  1-in. 
and  2-in.  sand  cushion.  When  the  grout  failed,  however,  there  was  a 
greater  vertical  displacement  of  the  center  brick  on  the  2-in.  than  on 
the  1-in.  cushion. 

5. — The  bituminous  filler  protects  the  brick  from  the  effect  of 
impact  fully  as  much  as  the  cement  grout  filler,  and  does  not  itself 
fail,  even  when  the  brick  fails  under  impact.  It  should  also  be  noted 
that  no  apparent  vertical  displacement  of  the  brick  occurred  where  the 
bituminous  filler  was  used. 

6. — As  compared  with  cement  grout,  the  bituminous  filler  apparently 
increases  the  capacity  of  the  sand  cushion  pavement  to  absorb  the 
shock  of  impact. 

7. — In  comparison  with  the  results  of  impact  tests  on  individual 
bricks,  it  is  of  interest  to  note  that  in  the  pavement  this  resistance  is 
almost  doubled,  irrespective  of  the  type  of  filler. 

A  few  tests  have  been  made  on  wire-cut  lug  block  sections  of  pave- 
ment, with  results  quite  similar  to  those  given  herein.  It  is  proposed 
to  continue  this  investigation  with  various  makes  of  brick,  and  to  use 
other  types  of  filler  and  cushion,  such  as  bituminous  grout  or  mortar. 

J.  W.  Howard,*  Esq. — The  mixing  of  a  little  Portland  cement  in      Mr. 
the  sand  in   all   pavement   cushions   is  excellent,   because   it   prevents 
the  sand  under  brick,  stone,  or  wood  paving  blocks  from  being  dis- 
placed and  washed  away  toward  the  gutters. 

James  W.  Eouth,!  Assoc.  M.  Am.  See.  C.  E.  (by  letter).:}; — The  _Mr 
writer  questions  the  statement  of  the  Committee,  that  the  function  of 
the  sand  cushion  is  to  give  resilience  to  the  wearing  surface.  Recent 
practice  has  been  to  sprinkle  and  roll  the  sand  cushion  prior  to  laying 
brick.  If  there  is  anything  much  less  resilient  than  damp  and  thor- 
oughly compacted  sand,  the  writer  would  like  to  know  about  it. 

In  considering  the  question  of  construction,  no  mention  is  made 
of  the  proper  method  of  preparing  the  cushion  course,  except  that  great 
care  should  be  taken  to  avoid  disturbing  the  surface  of  the  cushion 
after  it  has  been  brought  to  true  grade  by  the  use  of  a  template.  It 
is  believed  that  more  failures  of  brick  pavement  are  due  to  the  sand 


Routh. 


*  New  York  City. 

t  Rochester,  N.  Y. 

t  Received  by  the  Secretary.  January  19th,  1917. 
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Mr.  cushion  than  to  almost  any  other  factor.  Unless  the  cushion  is  thor- 
•  oughly  compacted  and  well  confined,  the  sand  will  shift.  This  is  par- 
ticularly dangerous  in  the  case  of  pavements  with  grouted  joints.  The 
writer  believes  that,  if  a  sand  cushion  is  used  at  all,  care  should  be 
taken  to  have  it  thoroughly  rolled  and  compacted  before  the  bricks  are 
laid.  He  is  also  of  the  opinion  that  better  brick  pavements  would 
result  if  the  use  of  the  sand  cushion  were  abandoned.  A  cement-sand 
cushion,  or  a  mortar  cushion,  appears  to  give  much  better  results. 

Mr.  Frank  B.  Dunn,*  Esq.  (by  letter). t — The  engineers  of  the  writer's 

■  company  have  spent  years  in  studying  and  experimenting  with  brick 
pavement  construction,  and  at  great  cost.  The  results  have  been  con- 
trary to  some  of  the  important  suggestions  made  in  the  report. 

The  use  of  a  sand  cushion  is  no  longer  regarded  as  good  practice. 
Monolithic  and  semi-monolithic  construction  have  so  completely 
demonstrated  their  superiority  to  the  sand-cushion  type  that  the 
latter  is  being  abandoned  all  over  the  country,  and  in  a  very  few  years 
it  will  disappear  entirely. 

Contrary  to  the  statement  on  page  1617,  a  grouted  brick  pavement, 
of  either  the  cement-sand  or  green-concrete  foundation  type,  is  prac- 
tically noiseless.  This  fact  is  no  longer  disputed  by  engineers  who 
have  observed  such  pavements.  These  pavements  are  less  noisy  than 
bituminous  filled  pavements  with  open  joints,  as  they  allow  the  brick 
to  cobble  and  become  rough. 

The  suggestion  that  a  bituminous  filler  be  used  on  brick  pavements 
where  the  grade  is  in  excess  of  6%  is  predicated  on  the  theory  that  the 
soft  filler  allows  the  brick  to  cobble  and  the  pavement  to  become  rough 
so  that  horses  may  obtain  a  foothold.  The  theory  is  correct,  but  it 
holds  as  well  on  level  pavements  where  cobbling  of  brick  is  facilitated 
by  bituminous  fillers. 

Experience  has  demonstrated,  also,  that  a  special  hillside  brick, 
especially  of  the  wire-cut  lug  type,  makes  a  much  better  and  stronger 
pavement  if  bonded  with  cement-grout  filler,  as  such  a  pavement  can 
be  used  on  grades  of  18%  and  give  horses  good  foothold,  yet  not 
increase  traction  resistance  above  that  offered  by  a  smooth  brick  pave- 
ment. The  last  mentioned  fact  is  due  to  the  circumstance  that  the 
short,  broken  grooves,  running  across  the  wearing  surfaces  of  the 
bricks,  afford  a  smooth  wheeling  surface — the  wheels  of  vehicles  bridg- 
ing the  longitudinal  joints  and  finding  an  even  bearing  on  the  plane 
surfaces  on  alternate  brick. 

The  suggestion  that  a  bituminous  filler  may  be  preferred  to  a 
cement-grout  filler,  on  account  of  lower  cost  of  street-opening  repairs, 
does  not  seem  to  be  one  to  which  the  Society  can  afford  to  commit  itself. 

*  President,   The  Dunn  Wire-Cut  Lug  Brick  Co.,   Conneaut,  Ohio, 
t  Received  by  the  Secretary,  January  19th,  1917. 
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It  is  customary  to  construct  brick  pavements  with  a  view  of  dura-  Mr. 
bility,  not  for  the  purpose  of  tearing  them  up.  Municipalities  and 
rural  communities  want  the  best  type  of  construction,  one  that  will 
give  the  longest  service.  The  writer's  experience  has  demonstrated  that 
a  cement-grout  brick  pavement  gives  the  longest  and  most  satisfactory 
service,  remaining  smooth  and  even  for  years,  if  properly  constructed. 

The  writer  submits  for  consideration  the  fact  that,  in  the  matter 
of  brick  pavements,  experience  and  observation,  covering  a  long  period 
of  years,  lead  to  conclusions  the  reverse  of  some  of  those  embodied  in 
the  report  of  the  Committee. 

This  is  not  a  matter  that  concerns  manufacturers  of  materials;  it 
is  a  practical  engineering  question  involving  proper  constructional 
methods,  and  the  writer  expresses  the  conviction  that  if  the  Society 
commits  itself  to  the  suggestions  in  the  report  to  which  attention  has 
been  called,  it  will  in  some  points  endorse  methods  rapidly  being 
abandoned,  and  in  other  matters  it  will  commit  itself  to  constructional 
methods  which  practical  paving  engineers  generally  condemn. 

William  W.  C.  Perkins,*  M.  Am.  Soc.  C.  E.  (by  letter). +— Owing  ^^Mr^^ 
to  the  importance  of  brick  pavements  and  their  proper  construction, 
the  writer  believes  the  report  should  be  more  comprehensive.  There 
has  been  a  great  advancement  in  the  manufacture  of  paving  bricks 
during  the  past  5  years,  and  also,  as  engineers  believe,  in  the  proper 
construction  of  brick  roads  and  pavements.  The  manufacture  of  such 
bricks  is  one  of  the  large  industries  of  the  United  States,  and  many 
millions  are  laid  annually. 

The  writer  is  aware  that  this  is  only  a  progress  report,  and  feels 
assured  that  the  final  report  will  be  more  complete  and  describe  more 
in  detail  the  new  types  of  brick  paving  and  their  proper  construction. 

In  the  matter  of  grades,  the  writer  does  not  believe  the  Committee 
should  establish  any  arbitrary  rule;  the  custom  has  been  to  use  a 
special  ''hillside"  brick  on  all  grades  greater  than  6%,  and  many  pave- 
ments are  laid  with  special  brick,  cement-grouted,  on  grades  as 
high  as  10  and  even  14  per  cent.  Some  engineers  generally  require 
brick  of  "hillside"  type  on  roads  built  of  other  materials,  whenever  the 
grades  are  greater  than  6  per  cent. 

The  suggestion  that  a  bituminous  filler  be  used  on  brick  roads  when 
the  grades  are  greater  than  6%,  and  the  assertion  on  page  1632  that 
"with  special  'hillside'  brick,  bituminous  joints  should  always  be  used" 
seem  to  the  writer  to  be  rather  positive  statements  and  contrary  to 
present  practice.  The  merits  or  demerits  of  the  various  fillers  were 
discussed  to  some  extent  at  the  meeting  in  1916,  and  the  report  of  the 
Committee  at  that  time  (if  the  writer's  memory  is  correct)  was  in 
favor  of  cement  grout  for  brick  roads  and  pavements. 

•  Conneaut,  Ohio. 

t  Received  by  the  Secretary,  January  19th,  1917. 


783  DISCUSSION  ON  MATERIALS  FOR  ROAD  CONSTRUCTION   [Papers. 

Mr.  The  United  States  Department  of  Agriculture*  has  described  the 

Perkins,  yarious  types  of  fillers,  and  has  recommended  cement-grout  "as  better 
adapted  for  filling  the  joints  of  brick  pavements  than  any  other  material 
which  has  been  commonly  used  for  that  purpose." 

As  the  tendency  of  a  bituminous  filler  is  to  run  out  of  the  joints 
during  warm  Aveather,  one  can  imagine  what  would  happen  at  the 
bottom  of  a  hill  on  grades  as  steep  as  6%  if  a  filler  of  this  type  were 
used.  Again,  if  used  with  a  regular  paving  brick,  the  roughness  to  be 
given  to  the  pavement  is  based  on  the  theory  that  the  bituminous  filler 
will  come  out  (as  it  does)  and  allow  the  brick  to  "cobble."  This  theory 
is  correct,  and  it  holds  good  on  level  pavements,  where  "cobbling"  of 
brick  is  facilitated  by  a  bituminous  filler.  Experience  has  shown  that 
a  cement-grout  filler  should  be  used  generally  on  brick  pavement, 
regardless  of  grades. 

With  reference  to  artificial  foundations,  the  writer  believes  the 
Committee  should  not  adopt  a  minimum  depth  of  4  in.,  but,  during 
the  coming  year,  shoiild  investigate  types  of  foundations  of  less  than 
4  in.  In  several  places  in  Illinois,  and  also  in  the  South,  bricks  are 
being  laid  monolithically  on  foundations  of  less  depth  than  4  in.,  and 
thus  far  have  given  good  service.  The  writer  believes  it  is  the  duty  of 
an  engineer  to  design  for  economy  as  well  as  for  durability,  and  that 
the  proper  depth  of  a  foundation  depends  largely  on  local  conditions, 
the  nature  of  the  sub-soil,  and  the  volume  and  weight  of  the  traffic. 
This  is  a  fertile  field  for  investigation  by  the  Committee. 

It  is  a  mistake  to  use  a  sand  filler  for  a  temporary  improvement. 
There  are  several  very  serious  objections  to  sand  as  a  filler;  it  does 
not  prevent  water  from  penetrating  through  the  joints  to  the  founda- 
tion; it  does  not  bind  the  units  of  brick  together,  so  as  to  enable  them 
to  resist  traffic;  it  is  easily  worked  out  in  cleaning  the  pavement,  or 
by  rain;  and,  as  it  does  not  protect  the  edges  of  the  brick,  in  a  short 
time  the  pavement  becomes  rough  and  uneven  and  the  bricks  chipped 
and  cobbled.  It  is  better  to  build  well  at  the  start,  or  adopt  some  type 
of  pavement  which  can  be  used  eventually  as  a  foundation  for  brick. 

In  reference  to  the  "cushion  course"  the  writer  must  confess  sur- 
prise at  the  stand  the  Committee  has  taken.  Many  engineers  believe 
that  the  only  function  of  the  sand  cushion  is  to  provide  a  uniform 
bearing  for  the  brick  wearing  surface,  the  sand  taking  care  of  any 
irregularities  in  the  depth  of  the  brick  or  in  the  surface  of  the  founda- 
tion. The  writer  questions  any  advantages  gained  in  trying  to  give 
resiliency  to  the  wearing  surface  with  a  cushion  of  sand.  Better  results 
are  obtainable  by  endeavoring  to  unite  the  wearing  surface  with  the 
foundation  and  then  depending  on  the  sub-soil  to  give  any  needed 
resiliency. 

•  Bulletin  No.  373,  on  Brick  Roads,  issued  by  the  Office  of  Public  Roads  In  1916, 
pp.  17  and  18. 
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The  advantages  of  the  monolithic  and  semi-monolithic  construe-  _  Mr 
tion,  and  the  disadvantages  of  the  cushion  of  sand  have  been  examined 
so  fully  in  the  technical  press  during  the  past  2  years  that  the  writer 
need  not  discuss  them  herein.  He  will  merely  state  that  experience 
has  proved  all  that  is  claimed  for  this  type  of  construction,  and  that 
the  laying  of  the  brick  directly  in  the  green  concrete  (for  highway 
uses),  and  the  use  of  a  bed  of  cement-sand  1  in.  in  depth  (which  is 
considered  as  1  in.  of  foimdation  for  sub-soil)  has  come  into  general 
use  and  is  recognized  as  the  modern  method  of  brick  paving.  Any 
bituminous  bed  or  cushion  is  antagonistic  to  the  fvmdamental  idea  of 
this  type  of  construction,  which  is  a  bonding  or  cementing  together 
of  the  integral  parts  of  the  pavement — the  brick,  bed,  and  foimdation — 
into  a  rigid  beam  or  monolith. 

In  reference  to  materials,  the  writer  thinks  it  would  be  of  great 
value  to  paving  engineers  if  the  Committee,  during  the  coming  year, 
would  investigate  the  results  obtained  in  the  standard  rattler  with 
the  large  shots  removed.  It  is  believed  that  the  so-called  variations 
in  the  tests  are  due  to  the  accidental  breaking  of  good  brick  by  the 
large  shot,  and  that,  if  these  were  omitted  and  only  small  shot  used, 
the  results  would  be  more  representative  of  the  wearing  qualities  of 
the  brick. 

As  the  standard  rattler  was  developed  by  the  American  Society  for 
Testing  Materials,  it  does  not  seem  to  be  necessary  to  name  any  brick 
association  in  describing  the  test  for  brick. 

The  absorption  test  is  not  generally  considered,  engineers  believing 
that  the  test  for  abrasion  fully  determines  the  wearing  value  of  a  brick. 

The  writer  trusts  that  the  Committee  in  its  final  report  will  describe 
in  detail  the  size,  type,  and  general  appearance  of  the  bricks  which  it 
considers  should  be  used.  Several  types  of  paving  bricks  are  being 
made,  and  the  manufacturers  would  welcome  a  visit  from  the  Com- 
mittee, and  would  gladly  demonstrate  the  care  taken  in  making  them. 
The  size  and  nature  of  the  lugs  or  projections  on  the  sides  of  the  bricks 
should  be  described,  dnd  every  effort  should  be  made  to  have  these  lugs 
of  such  uniformity  and  of  such  a  character  that  the  bonding  material 
will  flow  freely  to  the  bottom  of  the  brick. 

During  the  past  year,  the  depth  of  the  brick,  especially  for  mono- 
lithic construction,  has  been  reduced  to  3  in.,  in  some  instances,  thus 
making  a  saving  in  transportation  charges.  The  claim  is  made  that 
a  3-in.  brick  on  5  in.  of  concrete  will  give  as  durable  a  pavement  as  a 
4-in.  brick  on  4  in.  of  concrete,  provided  both  are  laid  monolithically. 
This  is  another  field  for  investigation. 

In  regard  to  construction,  the  durability  of  a  brick  wearing  surface 
depends  on  three  essentials:  good  design,  good  material,  and  good  con- 
struction.    Therefore,  the  writer  believes  that  all  operations  should  be 
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Mr.  described  carefully,  from  the  preparing  of  the  sub-grade  to  the  open- 
er ins.  i^g  ^£  ^^^  street  to  traffic.  In  the  construction  of  the  brick  wearing 
surface,  details  should  be  given  as  to  preparing  the  cement-sand  bed, 
the  laying,  rolling,  and  wetting  down  of  the  brick,  and  the  proper  prepa- 
ration and  application  of  the  filler.  Many  pavements  of  all  types  have 
failed  because  of  ignorance  of  good  construction. 

The  engineers  connected  with  the  writer's  company  have  spent  years 
in  the  construction  of  brick  pavements,  in  studying  their  defects,  and 
in  experimenting,  and  the  results  of  their  studies  and  investigations 
are  at  the  command  of  the  Committee. 

Mr.  W.  M.  Kinney,*  Assoc.  M.  Am.  Soc.  C.  E. — Under  the  heading, 

y-  '-grick  and  Slag  Block  Pavements",  the  following  statement  appears, 
"With  special  'hillside'  brick,  bituminous  joints  should  always  be 
used."  It  is  difficult  to  understand  why  the  Committee  made  this 
recommendation,  in  view  of  the  successful  use  of  cement  grout  under 
such  conditions,  and  the  rather  rare  use  of  bituminous  joints  for 
hillside  brick.  It  would  also  be  interesting  to  know  of  cases  where 
a  mixture  of  sand,  or  stone  chips,  and  a  bituminous  cement  has  been 
used  as  a  cushion  course  under  brick  pavements,  on  the  successful 
use  of  which  the  Committee  recommends  this  and  similar  construction 
for  stone  block  pavements.  The  cases  where  such  construction  has 
been  used  are  certainly  rare,  and  it  seems  to  be  quite  unusual  to 
discredit  types  of  construction  which  are  in  successful  use,  substituting 
therefor  a  type  which  has  been  used,  if  at  all,  only-  rarely. 

•  Chicago,  111. 
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(10)  STONE  BLOCK  PAVEMENTS. 


Bv   Messrs.   Edward   Whitwell,    C.    D.    Pollock,    H.   W.    Durham, 
J.  W.  Howard,  W.  H.  Connell,  E.  W.  Stern,  and  W.  M.  Kinney. 


Edward  Whitwell,*  Esq.    (by  letter). f — In  no  case  is  sandstone      Mr. 
considered  either  suitable  or  economical,  except  for  rubble  foundation       '  ^^ 
purposes,  a  use  which  does  not  appear  to  be  general  in  America. 

The  writer  is  inclined  to  disagree  with  the  recommendations  rela- 
tive to  the  size  of  stone  blocks  for  paving,  as  long  experience  tends  to 
show  that,  the  greater  the  size  of  the  block,  the  more  pronouncedly 
uneven  becomes  the  surface  as  wear  takes  place.  The  sizes  now  in 
general  use  on  the  European  continent  approach  more  closely  to  those 
given  for  the  Durax  pavement  referred  to  in  the  report,  than  those 
given  by  the  Committee;  and  the  trend  of  opinion  inclines  to  sizes 
which  almost  coincide  with  those  of  Durax.  Of  course,  it  must  be 
noted  that  though  Durax  has  introduced  a  much  more  acceptable  form 
of  paving,  chiefly  due  to  the  reduction  in  the  size  of  the  blocks,  and 
though  its  long  life  probably  has  some  economical  advantage,  yet  any 
form  of  stone  block  paving,  by  reason  of  its  extreme  noisiness,  its 
tendency  to  uncleanliness,  and  its  first  high  cost,  can  never  become 
a  popular  or  recommendable  form  of  surfacing.  The  reduction  in  the 
size  of  the  blocjis  in  all  such  surfacing,  though  a  great  improvement 
on  the  old.  forms,  has  only  tended  to  reduce  the  number  of  disadvantages 
such  pavements  possess,  and  in  very  few  instances  is  a  return  to  this 
ancient  system  advisable. 

C.  D.  Pollock,^:  M.  Am.  See.  C.  E. — Near  the  top  of  page  1635,  Mr. 
the  crushing  strength  of  stone  blocks  is  specified  as  liot  less  than  20  000  ^°"*'^^- 
lb.  per  sq.  in.  This  seems  to  be  a  step  backward;  for  engineers  have 
been  discarding  this  test,  as  not  being  a  reliable  index  to  the  quality 
of  stone  for  paving  material.  There  are  many  cases  where  a  com- 
paratively soft  stone  has  given  ideal  results  as  a  paving  material,  and 
there  are  cases  where  stone  having  a  high  crushing  strength  has  given 
poor  results.  The  main  thing  in  stone  block  pavement  is  to  have 
blocks  of  uniform  quality,  not  a  mixture  of  very  hard  and  very  soft 
stones  in  the  same  pavement,  as  they  will  not  wear  evenly.  The 
crushing  strength  test  has  been  very  generally  discarded.  Some 
engineers  still  have  it  in  their  specifications,  but  even  these  do  not 
place  much  dependence  in  this  test. 

*  London,  England. 
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Mr.  H.  W.  Durham,*  M.  Am.  Soc.  C.  E. — The  speaker's  recent  expe- 

■  rience  with  granite  block  on  suburban  road  pavements,  has  served  to 
strengthen  his  belief  that  it  is  unnecessary  to  specify  a  crushing  test. 
It  would  be  very  desirable  to  conduct  extensive  abrasion  and  other 
tests  on  all  kinds  of  stone  that  have  been  adopted,  before  stating 
definitely  the  exact  limits  in  hardness.  In  connection  with 
granite  pavements,  a  much  more  important  feature  than  specifying 
arbitrary  tests  is  the  question  of  inspection.  Of  course,  it  is  necessary 
to  have  certain  specifications  in  purchasing  blocks,  but  Mr.  Pollock 
has  brought  out  very  clearly  some  of  the  points  that  should  be  con- 
sidered, and  the  fact  that  the  crushing  test  is  not  the  criterion. 

Mr.  J-  W.  Howard,*  Esq. — In  regard  to  the  20  000-lb.  test,  it  is  quite 

Howard,  certain   that   all  hard  granite  blocks   would   stand   that  test.     Where 

N^ew  Hampshire  granite  or  softer  granites  are  being  laid  with  cement 

grouted  joints,  it  is  not  necessary  to  have  so  high  a  crushing  test.    For 

such  use,  a  test  of  16  000  lb.  is  sufiicient. 

Mr.  W.  H.  CoNNELL,t  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  thinks 

Conneii.  ^j^g  20  000-lb.  Crushing  test  is  more  or  less  obsolete,  and  was  based  on 
specifications  that  were  only  intended  to  admit  certain  granites  from 
certain  quarries.  However,  there  should  be  some  sort  of  test.  The 
speaker  has  made  a  number  of  tests  of  granites  from  New  Hampshire 
and  from  the  South ;  they  stand  about  17  000  lb.  If  granite  is  much 
softer  than  that,  it  is  doubtful  whether  it  will  give  very  satisfactory 
results.  These  remarks  are  offered  simply  as  a  suggestion  to  the 
Committee — that  there  is  need  of  some  kind  of  a  test  for  granite. 
One  cannot  depend  entirely  on  stone  coming  from  a  certain  quarry, 
because  there  are  many  cases  where  engineers  are  not  familiar  with 
the  different  quarries  throughout  the  country. 

Mr.  E.  W.  Stern,*  M.  Am.  Soc.  C.  E.— As  to  the  adoption  of  a  20  000-lb. 
minimum  for  the  crushing  strength  of  granite,  the  speaker  has  doubts. 

He  would  suggest  to  the  Committee  some  investigations  relative 
to  the  depths  of  paving  blocks.  Chicago  is  using  a  4-in.  block,  and 
New  York  City  uses  5-in.  Perhaps,  if  4-in.  blocks  were  used  in  New 
York  City  they  would  lie  a  little  bit  closer,  and  give  a  closer  and 
better  joint. 

In  connection  with  the  sand  bed,  the  speaker  would  not  use  the 
word  "cushion."  The  sand  bed,  if  it  acts  as  a  proper  bed,  is  not  a 
cushion,  because  the  sand  should  not  flow  away;  where  the  sand  had 
been  held  in  place  as  a  bed  for  a  number  of  years,  it  .becomes  almost 
as  hard  as  mortar.  The  objection  to  sand  as  a  bed  is  that  it  does  not 
always  stay  in  place,  that  leakages  of  water  wash  it  away,  particularly 

*  New  York  City. 
t  Philadelphia,  Pa. 
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where  cuts  are  made  in  the  pavement,  and,  if  the  slightest  compression  Mr. 
ensues,  a  large  area  outside  of  the  cut  is  sometimes  affected.  New  s*^'"- 
York  City,  therefore,  for  the  last  2  years,  has  used  under  granite  a 
mortar  bed  of  1  part  cement  and  3  parts  sand,  with  very  good  results. 
This  bed  is  mixed  practically  dry,  and  slightly  sprinkled;  the  blocks 
are  rammed  in  the  usual  way.  As  to  resiliency,  with  rubber-tired 
traffic  there  is  no  object  in  trying  to  obtain  any  resiliency  in  the  bed. 
With  steel-tired  traffic  it  is  doubtful  whether  the  resiliency  given  by 
a  bituminous  bed  would  be  worth  while. 

In  streets  where  granite  pavements  are  possible,  the  cement  grout 
filler  is  the  best;  this  is  the  experience  in  New  York  City,  and  it 
coincides  with  that  of  Worcester  and  other  cities  which  have  tried  it. 
The  question  of  cuts,  however,  as  the  Committee  properly  says,  is 
paramount  in  New  York  City.  In  the  Borough  of  Manhattan,  in 
1916,  there  were  25  000  cuts,  and  35  000  in  Brooklyn.  In  a  very  short 
time  a  cement  filler  would  be  gone,  and,  unless  it  is  cured  properly, 
it  is  no  better  than  bituminous  filler,  and  simply  keeps  traffic  off  the 
street  for  several  days;  whereas  bituminous  filler  permits  it  to  go 
on  almost  immediately. 

W.  M.  Kinney,*  Assoc.  M.  Am.  Soc.  C.  E. — On  page  1636,  under  the  Mr. 
paragraph,  "Construction",  the  Committee  has  argued  at  considerable  ^'""^y- 
length  against  the  use  of  cement  grout  fillers.  It  does  not  seem 
to  the  speaker  that  the  fact  that  a  pavement  can  be  easily  removed 
and  restored  is  an  argument  for  that  particular  type,  but  rather  one 
against  it.  If  engineers  make  the  taking  up  and  restoration  of  pave- 
ments more  difficult,  the  work  which  necessitates  such  action  will 
be  done  more  frequently  prior  to  the  construction  of  the  pavement. 
As  such  cost  is  borne  by  the  party  having  the  cut  made,  what  difference 
does  it  make  to  a  city,  provided  the  best  pavement  is  secured  by  using 
a  cement  grout  filler?  Those  who  take  up  and  restore  the  pavement 
should  be  required  to  put  it  back  in  the  condition  in  which  it  was 
found.  The  fact  that  many  cities  are  removing  block  pavements 
previously  put  down  with  bituminous  filler,  and  re-laying  these  pave- 
ments with  cement  grout  filler,  indicates  the  satisfaction  obtained 
from  such  construction. 

*  Chicago.  111. 
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(11)  WOOD  BLOCK  PAVEMENTS. 


By  Messrs.  Frank  W.  Cherrington,  Clifford  Richardson,  Edward 
Whitwell,  W.  H.  Fulweiler,  E.  W.  Stern,  J.  W.  Howard,  S.  R. 
Church,  Walter  Buehler,  H.  W.  Durham,  and  Ellis  R.  Dutton. 


Mr.  Frank  W.  Cherrington,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).! — 

to".'"^  It  is  important  that  all  the  voids  in  a  creosoted  wood  block  pavement  be 
thoroughly  filled,  in  order  to  prevent  the  retention  of  organic  sub- 
stances and  moisture  deposited  on  the  surface  of  the  street.  The 
report  states  that  the  blocks  ''should  be  laid  closely  and  the  joints  filled 
with  some  suitable  material."  It  is  a  well-established  fact  that,  when 
wood  blocks  are  laid  closely  together,  it  is  practically  impossible  to  fill 
the  joints  thoroughly  with  any  material. 

If  the  blocks  are  laid  tightly  together,  very  little  filler  will  penetrate 
the  interstices  between  them  more  than  ^  in.  below  the  surface. 

In  the  writer's  opinion,  it  is  better  to  require  that,  as  far  as  prac- 
ticable, the  spacing  around  each  individual  block  shall  average  about 
i  in.,  in  order  to  enable  any  applied  filler  to  penetrate  the  full  depth  of 
the  joints. 

Although  two  kinds  of  filler  are  favorably  mentioned  in  the  report, 
without  a  doubt,  the  most  efficient,  under  all  conditions,  is  a  bituminous 
material.  The  only  objections  to  it  are  the  additional  first  cost  of  con- 
struction and  the  possibility  that  it  may  become  objectionable  in  hot 
weather.  The  former  may  be  answered  by  the  increase  of  efficiency 
and  the  latter  by  the  adoption  of  a  standard  bituminous  filler,  similar 
to  that  recommended  by  the  American  Society  for  Municipal  Improve- 
ments. Care  should  also  be  taken  to  prevent  the  interstices  between 
the  blocks  from  being  entirely  filled.  The  best  results  are  secured  by 
filling  the  joints  to  within  about  1  in.  of  the  top,  and  using  sand  for 
the  remaining  space. 

A  |-in.  open  joint  requirement  for  a  creosoted  wood  block  pavement 
has  several  distinct  advantages : 

First. — It  permits  the  bituminous  filler  to  penetrate  the  full  depth 
of  the  block  on  all  sides,  and  thus  provides  a  more  compact  and  thor- 
oughly water-proofed  pavement. 

Second.- — A  pliable  expansion  joint  is  provided  for  each  individual 
block,  thus  allowing  an  additional  factor  of  safety  against  possible 
destructive  expansion. 

Third. — It  presents  a  less  slippery  surface  to  traffic  by  slightly 
separating  the  rows  or  courses  of  blocks. 

*  Toledo,  Ohio. 
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For  these  reasons  the  writer  believes  that  a  ^-in.  open  joint  spec-       Mr. 
ification  will  give  more  satisfactory  results  than  the  provision  in  the       ton"^ 
report  which  states  that  the  blocks  should  be  laid  closely. 

Clifford  Eichardson,*  M.  Am.  Soc.  C.  E.  (by  letter).! — As  a  pre-  Mr. 
servative  for  wood  block,  the  Committee  concludes  that  "taking  all  'son. 
things  into  consideration,  coal-tar  creosote  oil  is  the  best." 

This  shows  ignorance  of  the  fact  that  the  large  areas  of  wood  blocks, 
which  have  been  treated  with  water-gas  tar  during  the  last  decade, 
have  proved  that  they  are  not  only  equal  to  similar  blocks  treated  with 
coal-tar  creosote,  but,  in  many  cases,  superior.  This  has  been  demon- 
strated in  the  case  of  the  experimental  pavement  laid  by  the  Bureau 
of  Highways,  of  the  Borough  of  Manhattan,  on  Second  Avenue.  The 
material  possesses  the  particular  advantage  that  it  does  not  bleed  in 
the  early  years  of  its  use  under  the  hot  summer  sun. 

The  Committee  calls  attention  to  the  European  practice  of  laying 
the  blocks  directly  on  the  concrete  bed,  but  it  fails  to  mention  the 
method  of  grouting  them,  which  is  an  essential  feature.  After  the 
blocks  are  in  place,  the  interstices  are  filled  with  coal-tar  to  a  depth 
corresponding  to  half  their  thickness.  This  prevents  water  from  acting 
on  their  lower  surfaces.  To  prevent  the  effusion  of  the  tar  on  the 
surface  of  the  pavement,  the  upper  half  of  the  interstices  is  filled  with 
a  Portland  cement  grout.  At  various  times,  in  technical  journals, 
the  writer  has  called  the  attention  of  American  engineers  to  this  prac- 
tice, but,  although  it  is  such  a  desirable  method  of  construction,  it  has 
not  been  adopted  in  America. 

The  Committee  is  to  be  congratulated  on  having  assembled  such  a 
large  mass  of  information  in  regard  to  road  construction,  and  its  report, 
when  revised,  will  be  of  great  use  to  highway  engineers,  although  it 
cannot  be  looked  on  as  possessing  any  finality,  but  must  necessarily 
be  amended  from  year  to  year  in  the  light  of  experience. 

Edward  Whitwell,:}:  Esq.  (by  letter).! — In  Europe,  particularly  Mr. 
in  England,  the  soft  wood  blocks  are  finding  preference  over  hard  '  ^ 
blocks,  because  they  are  found  to  wear  equally  well,  are  just  as 
cleanly,  less  slippery,  and  decidedly  more  economical.  In  their  use 
the  old  sand  cushion  has  been  discarded,  as  it  was  found  to  be  more 
desirable  to  secure  an  accurately  laid  bed  than  to  rely  on  the  cushion 
making  up  for  the  unevenness  of  the  foundation;  and  there,  as  dis- 
tinct from  the  Committee's  views,  an  expansion  groove  at  each  side 
of  the  highway  is  considered  absolutely  essential. 

The  writer  expected  to  find  in  the  report  some  statement  with 
regard  to  the  relative  values  of  the  different  forms  of  pavement,  and 

*  New  York  City. 
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Mr.  is  of  the  opinion  that  a  table  showing  the  comparative  values  of  the 
'  ^^  '  several  forms,  under  identical  conditions,  would  have  been  a  great 
asset;  but  it  may  be  that  tests  on  national  lines  have  not  yet  been 
carried  out  in  America.  If  such  national  tests  have  not  yet  been 
carried  out,  it  is  evident  that  they  should  be,  for  they  would  result,  as 
in  other  countries,  in  an  important  saving  of  time,  money,  and 
materials. 

The  report  is  excellent,  and  must  commend  itself  to  laymen  and 
professionals  alike,  as  it  marks  another  very  important  step  in  the 
progress  being  made  in  the  science  of  road  construction. 

Mr  W.  H.  FuLWEiLER,*  Assoc.  M.  Am.  Soc.  C.  E. — One  point  in  connec- 

Fulweiler.     .  .  . 

tion  with  the  Committee's  report  that  should  receive  considerable  atten- 
tion before  final  adoption  has  to  do  with  the  proposed  specifications 
recommended  for  "preserving  oils"  for  use  in  the  treatment  of  wo.od 
blocks. 

The  speaker  does  not  wish  to  go  into  a  discussion  of  the  merits  of 
the  specification  here  proposed,  but  merely  to  question  the  advisability 
of  adopting  and  publishing  these  specifications  in  the  report. 

Reports  of  Special  Committees  of  this  Society  should  be  final  and 
authoritative,  and  should  represent,  at  the  time  of  their  adoption,  the 
result  of  extensive  investigations;  they  should  be  the  best  thought  of 
the  Profession ;  and,  as  such,  they  would  not  be  a  subject  for  immediate 
revision. 

This  Committee  has  been  in  existence  for  several  years,  and  has, 
from  time  to  time,  published  progress  reports,  showing  the  result  of 
its  labors,  in  which  reports  it  has  considered  various  types  of  pave- 
ment which  have  involved  the  use  of  bituminous  materials.  In  none 
of  these  reports  has  an  attempt  been  made  to  go  into  the  subject  of 
detailed  specifications;  but,  on  the  contrary,  they  have  set  forth  the 
more  or  less  basic  principles  which  should  be  observed  in  the  selection 
of  materials  for  different  purposes.  In  the  present  state  of  the  art, 
the  speaker  believes  that  this  is  the  only  course  open  to  the  Committee. 

Now,  however,  this  report  presents  these  specifications  for  preserv- 
ing oils  for  use  in  the  treatment  of  wood  blocks.  It  is  difficult  to  under- 
stand why  the  Committee  should  single  out  specifications  for  these 
materials.  Certainly,  it  cannot  be  on  account  of  the  greater  importance 
of  the  materials,  because,  as  compared  with  the  construction  of  other 
forms  of  pavement,  the  yardage  of  wood  block  is  but  a  small 
percentage. 

ISTor  are  these  specifications  due  to  any  research  work,  or  investiga- 
tion on  the  part  of  this  Committee,  so  that  they  do  not  involve  an.y 
new  principles;  on  the  contrary,  they  are  those  that  have  been  pre- 
sented to  several  Societies,  which  have  made  it  their  business  to  study 

*  Wallingford,  Pa. 
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the  methods  of  testing,  without  which  a  specification  is  quite  useless,  ^^Mr 
and  to  develop  and  publish  specifications  for  various  classes  of 
materials  used  in  engineering.  These  Societies  have  standing  Com- 
mittees on  specifications,  whose  duty  it  is  to  attempt  to  reconcile  the 
requirements  of  the  material  and  the  commercial  considerations  under- 
lying its  supply,  and  to  present  to  the  Society  from  time  to  time  such 
modifications  of  the  existing  specifications,  or  entirely  new  specifica- 
tions, as  the  development  of  the  art  and  the  commercial  availability 
of  the  materials  warrant. 

This  necessarily  involves  changes  from  time  to  time,  and,  as  this 
continual  change  may  be  expected,  due  to  conditions  over  which  the 
Engineering  Profession  has  no  direct  control,  it  would  seem  far  better 
for  this  Committee  to  refer  to  the  work  being  done  by  other  Societies, 
rather  than  to  publish  a  specification  of  such  a  type  as  included  in 
this  report. 

To  discuss  more  particularly  the  general  form  of  these  specifica- 
tions, attention  is  called  to  the  fact  that  they  are  not  really  specifica- 
tions for  preservative  oils,  but  are  descriptions.  That  is,  the  qualities 
required  in  a  preservative  oil  for  the  treatment  of  wood  blocks  are 
not  directly  determined  by  the  requirements  of  this  specification.  On 
the  other  hand,  they  merely  serve  to  describe  in  technical  language 
certain  commercial  articles  of  manufacture.  They  in  no  way  resemble 
the  specifications  for  iron,  steel,  cement,  stone  block,  brick,  etc.,  in 
which  the  specifications,  by  their  requirements,  secure  directly,  in  the 
finished  product,  the  desirable  qualities  that  the  product  should  exhibit 
in  use. 

Again,  the  particular  specifications  here  proposed  are  so  new  that 
they  were  not  even  completed  in  the  report  sent  out  for  discussion,  and 
have  never  been  subject  to  the  test  of  practical  usage. 

In  view  of  all  of  the  foregoing,  the  speaker  believes  it  is  a  serious 
mistake  on  the  part  of  this  Committee  to  include  these  specifications 
in  its  report,  and  it  would  be  a  still  more  serious  mistake  on  the  part 
of  this  Society  to  accept,  and,  thereby  adopt,  a  specification  for 
materials  of  this  class,  on  account  of  the  fact  that  the  art  has  not 
arrived  at  such  a  state  of  development  that  a  specification  will  secure 
the  qualities  that  are  essential  in  the  material,  as  there  is  no  general 
agreement  as  to  just  what  these  qualities  are,  or  their  limits;  and, 
especially,  the  Society  should  avoid  adopting  an  untried  specification 
which,  in  the  course  of  a  year's  practical  use,  may  prove  to  be  quite 
unsatisfactory. 

It  would  seem  to  be  far  better  for  the  Committee  to  confine  its 
work  to  the  presentation  of  "the  fundamental  principles  on  which 
specifications  covering  each  of  the  several  types  of  roads  and  pave- 
ment should  be  based."    If  it  could,  in  this  manner,  secure  data  which 
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Mr.        would  bring  about  a  more  general  agreement  as  to  the  qualities  that 
■  are  necessary  and  the  limits  that  are  required,  some  permanent  prog- 
ress will  have  been  made  in  the  art. 

Mr.  E.  W.  Stern  *  M.  Am.  Soc.  C.  E. — The  wood  block  pavement  has 

exhibited  two  defects,  and  these  must  be  corrected  in  order  to  allow 
it  to  come  into  that  use  to  which  its  valuable  qualities  should  entitle 
it.  These  defects,  as  is  commonly  known,  are  bulging  and  bleeding. 
In  the  Borough  of  Manhattan  there  are  examples  of  pavements  laid 
according  to  suggestions  made- by  the  Committee;  that  is,  there  are 
some  in  which  there  is  practically  no  expansion  joint  at  all.  The 
blocks  are  laid  together  as  close  as  possible,  a  little  sand  being  used 
to  fill  in  the  joints,  and  there  are  no  expansion  joints.  Illustrating  this 
type  there  may  be  cited,  a  pavement  laid  in  1911,  on  Lafayette  Street, 
subjected  to  very  heavy  traffic.  Owing  to  special  local  causes,  prac- 
tically no  cuts  have  been  made  in  this  pavement ;  it  has  been  left  intact. 
The  blocks  had  about  20  lb.  of  heavy  oil.  Not  a  cent  has  been  expended 
for  repairs  on  that  street  since  it  was  laid,  whereas  there  have  been 
considerable  repairs  on  wood  block  pavements  on  other  streets  laid 
at  about  the  same  time.  The  reason  for  this  splendid  record  is  due 
entirely  to  the  fact  that  practically  no  cuts  were  made  in  the  pavement 
(there  is  a  school  house  on  one  side  of  the  street  and  old  "taxpayer" 
buildings  on  the  other).  The  pavement  is  really  water-proof.  No 
water  can  get  through  the  surface.  To-day  one  has  to  scrape  with  a 
knife  in  order  to  find  a  joint,  it  has  been  compacted  so  well  by  the 
heavy  traffic;  from  a  little  distance  it  looks  like  an  asphalt  pavement. 
Such  conditions  cannot  be  obtained,  except  in  very  rare  cases,  in  the 
Borough  of  Manhattan.  Many  of  the  wood  block  pavements  have 
bulged,  and  the  speaker  is  of  the  opinion  that  therefore  there  should 
be  a  i-in.  joint  around  every  block,  and  an  expansion  joint  at  each 
curb.  A  joint  ^-in.  wide  is  about  the  minimum,  in  order  to  permit 
the  use  of  a  bituminous  filler,  and  the  speaker  believes  in  such  a  filler, 
and  in  a  thorough  filling  of  the  joints. 

Where  old  pavements  with  tight  joints  have  been  repaired,  with 
the  i-in.  joint,  very  good  results  have  been  secured,  and  there  has  been 
practically  no  bulging.  There  is  a  pavement  on  a  certain  street  in 
which  there  have  been  eight  bulges  in  the  last  few  weeks,  at  the 
street  intersections,  some  of  them  as  high  as  10  in. 

The  kind  of  joint  to  be  used  must  depend  on  where  the  pavement 
is  to  be  laid.  In  a  city  there  should  always  be  expansion  joints,  because 
there  will  always  be  cuts. 

As  to  bleeding,  on  the  theory  that  the  blocks  must  be  absolutely 
water-proof,  it  is  necessary  to  put  in  a  large  quantity  of  preservative — 
about  20  lb. — and  then  bleeding  is  inevitable.     Practical  experience, 
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however,   has   shown   that   the   pavement   cannot  be  maintained   as   a    Mr. 
water-proof  structure  on  account  of  the  settlement  in  the  base  due  to 
cuts.     It  should  be  expected  that  the  blocks  will  swell,  and,  therefore, 
expansion  joints  are  necessary,  both  around  the  blocks  and  along  the 
curbs. 

A  pavement  was  laid  on  57th  Street,  New  York  City,  during  1916 
with  a  16-lb.  treatment  of  heavy  oil.  It  had  final  steaming  and 
vacuum  treatment.  This  bled  a  little.  It  will  not  be  known  until 
next  year  whether  it  is  satisfactory. 

Bleeding  is  a  very  objectionable  feature.  There  are  so  many  com- 
plaints about  this  nuisance  that  it  must  be  eliminated. 

J.  W.  Howard,*  Esq. — With  reference  to  preservative  oils  for  wood      Mr. 
paving  blocks,  it  should  be  possible  to  combine  tar  oils  in  one  specifi- 
cation with  one  set  of  tests,  so  as  to  provide  for  water-proofing  and 
germ-proofing  qualities. 

As  some  engineers  believe  that  water-gas^tar-oil  produces  good 
results,  it  might  be  included  with  the  other  two,  the  three  being 
combined  in  one  general  blanket  specification,  thus  avoiding  the  objec- 
tionable alternate  or  special  specifications  for  several  brands  and  types. 

The  new  specifications  mentioned  in  the  report  were  presented 
at  the  convention  of  the  American  Society  for  Municipal  Improve- 
ments, in  October,  1916.  They  represent  a  contention  between  com- 
mercial interests  of  oil  producers.  The  purpose  of  this  Society  should 
be  to  avoid  commercial  influences  and  decide  the  qualities  required 
and  the  methods  of  use  for  properly  preserving  wood.  It  is  suggested 
that  the  Committee  make  a  strenuous  effort,  with  professional  assist- 
ance of  proper  quality  and  character,  to  blend  into  one  these  speci- 
fications for  two  or  even  three  oils. 

Float  tests  have  never  been  used  in  connection  with  preservatives 
of  wood  blocks  by  any  city  in  the  world ;  but  only  possibly  in  the  labora- 
tories of  companies  which  prefer  to  make,  if  not  practically  control, 
one  oil.  The  proposed  "coal-tar-paving-oil"  is  not  a  distillate  creosote 
oil,  nor  a  true  creosote  oil. 

The  speaker  suggests  striking  out  all  float  tests  in  both  oils.  If 
such  a  test  is  adopted,  however,  there  is  no  reason  for  specifying 
10%  and  0°  cent,  for  the  "distillate  oil",  and  35%  and  100°  cent,  for 
the  "coal-tar-paving-oil."  They  should  be  for  the  same  percentage  and 
at  the  same  temperature,  to  be  determined  by  proper  non-commercial 
chemists,  thus  having  only  one  variable,  and  that  should  be  the  time, 
in  seconds,  for  the  float  test  (the  time  for  the  float  to  sink).  The 
speaker  suggests  inserting  the  long-used  and  good  test  that  "the  residue 
remaining  after  distillation  up  to  355°  cent,  should  be  soft  and  easily 
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Mr.  indented  with  the  finger  at  77°  Fahr.",  or  that  a  definite  needle  pene- 
tration minimum  test  be  established  and  inserted. 

All  tests  which  are  descriptions  of  a  particular  brand  or  kind, 
should  be  omitted,  and  only  the  needed  qualities  for  preserving  wood 
blocks  should  be  in  the  specifications,  and  such  as  to  permit  the  use 
of  all  good  creosote  oils  of  the  general  type  required. 

The  speaker  believes  that  the  proposed  new  specifications  have 
never  been  used,  and  that  they  are  descriptions  (in  new  language  and 
with  new  tests)  of  the  same  heavy  tar-containing  oil  as  those  here- 
tofore described  in  specifications  by  other  tests  for  the  "coal-tar-paving- 
oil";  and,  as  to  the  "distillate  oil",  that  the  words  and  tests  are  largely 
new  and  untried,  but  cover  one  (but  not  all)  good  distillate  creosote 
oil  heretofore  used  under  other  and  standard  tests. 

These  new  tests  preclude  the  use  of  valuable  city  and  other  records 
of  tests  made  by  the  old  standard  methods  of  successful  oils,  accumu- 
lated in  many  cities  and  countries;  and  they  prevent  the  comparison 
of  newly  offered  oils,  tested  by  new  tests,  with  those  records. 

As  to  the  inspection  of  the  manufacture  of  the  blocks  at  the  plant, 
the  provision  is  good;  but  because  small  towns  and  other  purchasers 
of  small  quantities  cannot  send  inspectors  to  plants,  the  words,  "if 
possible",  should  be  inserted  after  the  words,  "be  subject",  in  the 
second  line  of  the  next  to  the  last  paragraph  on  "Inspection",  on  page 
1640.  Furthermore,  at  the  top  of  page  1641,  the  words  "except  that 
the  plant  inspections  should  be  final  with  respect  to  the  kind  of  wood, 
rings  per  inch,  oil,  and  treatment"  should  be  omitted.  No  city  or  chief 
engineer  should  or  would  give  up  his  right,  and  sometimes  the  necessity, 
of  inspecting  the  paving  blocks  himself  after  they  had  arrived  in  a 
city  or  the  place  to  be  used,  or  of  making  a  re-inspection  to  check  or 
control  a  subordinate  stationed  at  a  distant  plant  where  the  blocks 
had  been  made. 

Mr.  S.  E.  Church,*  Esq. — In   1913   the  speaker  devoted  considerable 

Ctiiirch  ,    , 

'  attention  to  the  inspection  of  wood  pavements  in  European  cities. 
The  standard  method  of  construction  there  was  to  set  the  wood  blocks 
on  a  smooth  concrete  foundation,  then  flush  pitch  over  the  surface, 
and  squeegee  it  into  the  joints  at  the  top,  completely  filling  them. 

The  speaker  did  not  see  any  top  joint  filler  of  cement-grout  used, 
either  in  London  or  other  cities,  nor  is  it  part  of  the  specifications 
of  the  Borough  of  Westminster  or  the  old  City  of  London. 

Mr.  Howard,  in  discussing  the  methods  of  analysis  in  connection 
with  the  preservative  specification,  attempts  to  discredit  the  float 
test,  and  states  that  it  is  better  to  determine  whether  or  not  the 
residue  is  soft  by  specifying  that  it  shall  be  soft,  and  testing  it  by 
pressure  with  the  finger.     He  says  that  the  float  test  is  inaccurate. 

*  Mgr.,  Research  Dept.,  The  Barrett  Co.,  New  York  City. 


Papers.]   DISCUSSION  ON  MATERIALS  FOR  ROAD  CONSTRUCTION  795 

The  speaker  submits  that  the  float  test  is  more  accurate  than  any  Mr. 
test  that  can  be  made  with  'the  finger,  and  thinks  that  the  Committee 
made  a  step  in  advance  in  specifying  a  definite  means  of  determining 
consistency,  in  place  of  the  old  requirement  that  "the  residue  shall 
be  soft."  Mr.  Howard  suggests  that  for  accuracy  a  needle  pene- 
tration test  be  made.  However,  the  peculiar  adaptability  of  the  float 
test  to  these  residues  was  determined  after  comparative  tests  in  a 
number  of  laboratories,  these  tests  including  needle  penetration,  float, 
melting  point,  and  two  or  three  other  methods. 

Walter  Buehler,*  M.  Am.  Soc.  C.  E. — Wood  block  pavements  are  Mr. 
subject  to  two  defects,  namely,  expansion  and  bleeding.  If  the  Com-  ^^  ^'" 
mittee's  recommendations  are  followed,  both  these  defects  will  be 
reduced  to  a  minimum.  For  a  number  of  years  the  character  of  the 
oil  used  in  preserving  the  blocks  has  been  held  responsible  for  the 
bleeding,  but  the  speaker  is  convinced  that  it  has  absolutely  nothing 
to  do  with  it.  The  method  of  treatment,  character,  and  condition  of 
the  wood  at  the  time  of  treatment  are  of  greater  importance. 

On  page  1639  of  the  report,  under  the  heading  "Treatment  of  Wood 
Blocks,"  it  is  stated  that  either  air-seasoned  or  green  timber  may  be 
used,  but  that  it  should  preferably  be  treated  within  3  months  from  the 
time  it  is  sawed.  "Green  timber  and  seasoned  timber,  however,  should 
not  be  treated  together  in  the  same  charge."  From  the  speaker's 
knowledge,  that  has  not  been  the  practice  in  all  timber-preserving 
plants.  Too  little  attention  has  been  given  to  the  separation  of  the  green 
and  seasoned  timber.  Then  the  report  states:  "In  all  cases,  whether 
thoroughly  air-seasoned  or  green,  they  should  first  be  subjected  to 
live  steam."  In  one'case,  which  came  to  the  speaker's  attention  in  the 
summer  of  1916,  the  specifications  contained  this  clause,  and  yet  the 
plant  operator  put  the  oil  into  the  blocks  without  the  preliminary 
steaming.  His  reason  for  it  was  that  the  wood  was  seasoned  so 
thoroughly  and  the  oil  went  in  so  easily  that  there  was  no  necessity 
for  this  preliminary  steaming.  Trouble  is  invited  from  expansion 
whenever  that  is  done.  Bearing  in  mind  that  Southern  pine  can  be 
treated  with  as  much  as  28  lb.  of  oil  per  cu.  ft.,  one  can  realize  the 
importance  of  a  specification  containing  the  time  element  as  pertaining 
to  the  pressure  used  in  forcing  in  the  oil,  in  other  words,  the  impor- 
tance of  securing  a  uniform  distribution  of  oil  throughout  the  block. 
If  a  pressure  of  200  lb.  is  applied  immediately  after  the  cylinder  is 
filled,  it  is  possible  to  put  in  16  lb.  of  oil  per  cubic  foot,  in  a  compara- 
tively short  time,  but  that  oil  will  be  near  the  surface  of  the  blocks 
and,  when  subjected  to  the  summer  heat,  is  bound  to  expand  and  come 
out.  If  16  lb.  of  oil  is  put  in  under  a  pressure  of  50  lb.  during  a 
period  of,  say,  5  or  6  hours,  or  if  it  is  put  in  in  accordance  with  the 
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Mr.      recommended  specification,  it  will  be  distributed  uniformly  through- 
out the  block,  and  there  will  not  be  a  vollime  of  oil  near  the  surface. 
On  page  1640,  the  last  step  in  the  process  is  given,  as  follows: 

"After  this  a  supplemental  vacuum,  in  which  the  maximum  inten- 
sity reached  is  at  least  20  in.  and  the  time  the  vacuum  is  applied  not 
less  than  30  min.,  should  be  applied.  If  desired,  this  vacuum  may 
be  either  preceded  or  followed  by  a  short  steaming  period." 

This,  apparently,  is  an  infringement  on  a  patent  recently  granted, 
but  as  the  patent  is  dependent  on  a  definitely  stated  sequence  of  opera- 
tions, a  slight  change  in  the  wording  will  overcome  any  danger  of 
infringement.  The  patent  provides  for  five  distinct  steps,  in  the 
following  sequence : 

First,  steaming; 

Second,  vacuum; 

Third,  oil  pressure; 

Fourth,  heating  by  steam,  or  otherwise; 

Fifth,  vacuum. 

By  changing  the  sequence  of  the  last  two  steps,  the  results  obtained 
are  just  as  effective,  and  there  can  be  no  infringement.  In  other  words, 
all  that  is  necessary  is  to  eliminate  the  words  "either  preceded  or." 
As  amended,  the  last  sentence  of  the  paragraph  referred  to  would 
then  read:  "If  desired,  this  vacuum  may  be  followed  by  a  short 
steaming  period." 

In  reference  to  joint  fillers,  the  speaker  agrees  that  blocks  should 
not  be  laid  tight,  but  he  believes  that  it  is  not  practical  to  secure  a 
space  of  i  in.  around  each  block.  There  are  blocks  on  the  market 
with  lugs  to  provide  this  spacing,  but,  as  these  are  patented,  the 
speaker  does  not  desire  to  discuss  their  merits  at  this  time. 

If  blocks,  as  generally  manufactured,  are  in  proper  condition  for 
laying,  are  laid  tightly  by  hand,  and  a  pitch  filler,  heated  to  not  less 
than  250°  Fahr.,  is  used,  there  will  be  no  difficulty  in  sealing  each  joint 
thoroughly.  The  method  used  in  applying  the  filler  is  of  extreme 
importance.  In  the  'first  place,  it  must  be  heated  to  a  temperature 
of  not  less  than  250°  Fahr.  and  not  more  than  300°  Fahr.,  and  poured 
over  the  surface  of  the  pavement,  and  squeegeed  into  the  joints.  The 
hot  filler  is  expanded  and  on  cooling  will  contract,  leaving  the  top  of 
the  joint  open  to  be  filled  with  sand  (preferably  hot).  The  mistake 
is  sometimes  made  of  attempting,  by  a  second  application,  to  fill  the 
empty  space  left  by  the  contraction  of  the  filler  when  first  applied, 
with  the  result  that  most  of  the  pitch  used  in  the  second  application 
remains  on  top  of  the  pavement.  It  is  important  not  to  fill  the  upper 
parts  of  the  joints,  but  to  have  their  lower  parts  filled,  so  that  each 
will  be  sealed  thoroughly,  and  thus  prevent  moisture  from  getting 
under  the  blocks. 
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H.  W.  Durham,*  M.  Am.  Soc.  C.  E. — When  the  speaker  was  in  Mr. 
Europe  in  1913,  he  investigated  some  of  the  wood  block  pavements. 
On  the  Strand,  in  London,  a  coat  of  pitch  was  applied  to  the  surface 
of  the  concrete  foundation,  and  the  blocks  were  laid  on  that.  Filler 
was  then  squeegeed  over  them  into  the  joints,  and  after  that  had 
had  a  little  time  to  harden,  a  thin  liquid  cement  grout  was  swept 
over  the  entire  surface  and  covered  with  fine  crushed  screenings. 
The  apparent  purpose  of  the  grout  surface  was  merely  to  take  away 
the  stickiness  of  the  coal-tar.  That  was  also  seen  in  French  practice, 
and  in  some  of  the  cities  of  Holland.  It  seemed  to  be  a  common 
method  of  laying  a  soft  wood  pavement. 

Attention  should  be  called  to  the  fact  that  wood  pavements  abroad 
are  of  a  softer  pine  than  in  America.  The  wood  is  of  a  different  kind. 
If  European  methods  are  exclusively  advisable,  it  will  be  necessary 
to  import  the  kind  of  wood  used  there. 

The  test  pavements  on  Second  Avenue,  New  York  City,  were  laid 
in  1912  under  the  speaker's  direction,  and  since  they  were  laid,  he 
has  inspected  them  rather  closely.  He  has  been  unable  to  determine 
any  very  great  or  appreciable  difference  in  the  quantity  of  bleeding 
with  different  types  of  treatment  or  materials  with  which  the  blocks 
were  treated.  During  the  first  few  months,  the  bleeding  from  some 
blocks  was  greater  than  from  others,  but  it  is  not  fair  to  say  that 
the  water-gas  tar  blocks  bleed  more  or  less  than  the  others.  In 
general,  it  is  very  difficult  to  discover  any  difference,  unless  one  has 
a  diagram  showing  where  the  different  sections  are  laid. 

Attention  has  been  drawn  to  a  short,  but  very  good,  section  of 
wood  pavement  on  Lafayette  Avenue,  and  the  statement  has  been  made 
that  no  cuts  were  ever  made  there.  There  have  not  been  many,  but  a 
very  large  one  was  made  a  few  years  ago  nearly  from  curb  to  curb 
transversely  to  the  axis  of  the  street.  It  is  a  tribute  to  the  inspector 
who  had  charge  of  that  work,  that  the  present  Chief  Engineer  states 
that  he  is  unable  to  find  evidence  of  any  cuts.  It  indicates  that  it  is 
possible  to  restore  a  cut,  if  enough  attention  is  paid  to  it,  so  that  the 
pavement  will  be  substantially  as  before. 

Wood  pavements  have  been  laid  in  the  Borough  of  Manhattan  under 
a  great  many  different  specifications,  as  has  been  stated,  but  it  is  hardly 
fair  to  claim  that  tight  joints  and  any  particular  class  of  construction 
are  responsible  for  the  blocks  swelling  or  traveling.  On  Broadway 
north  from  Columbus  Circle,  the  wood  pavement  is  laid  on  a  sand 
cushion,  with  sand  in  the  joints,  and  the  blocks  tight,  as  has  been 
mentioned,  and  this  is  a  very  good  pavement,  in  good  condition  to-day, 
and  apparently  it  will  be  good  for  a  long  time  to  come. 
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Mr.  On  the  other  hand,  without  in  any  way  intending  to  detract  from 

am.  -^^  Stern's  improvements  or  make  any  particular  criticism  of 
his  specifications,  the  speaker  noticed  last  summer  that  in  the  new 
wood  block  pavement  on  57th  Street,  in  front  of  the  Society  House, 
which  has  been  laid  with  i-in.  joints,  there  was  considerable  bleeding. 
If  there  are  such  joints  in  a  pavement,  they  will  probably  allow  so 
much  play  that  the  blocks  will  shove  or  travel. 

Mr.  Ellis  E.  Button,*  Esq.   (by  letter).!— On  page  1639,  the  words 

Dutton.  u^^  ^Yie  discretion  of  the  treating  plant  operator"  should  be  eliminated, 
because  the  purchaser  of  the  blocks  would  not  have  anything  to  say 
in  regard  to  the  time  for  steaming  them  prior  to  the  injection  of  the 
oil;  and  the  purchaser  is  the  one  who  is  paying  for  the  blocks,  and 
has  to  suffer  if  they  are  not  properly  treated.  It  is  not  right  for  the 
seller  to  dictate  what  the  treatment  should  be  under  a  specification. 

On  page  1641  the  statement  that  "the  plant  inspection  should  be 
final  with  respect  to  the  kind  of  wood,  rings  per  inch,  oil,  and  treat- 
ment,'^ entirely  precludes  the  right  of  the  purchaser  to  further  inspec- 
tion of  the  blocks.  It  would  be  almost  impossible  for  the  purchaser  to 
provide  enough  inspectors  to  look  after  all  these  things.  The  inspection 
at  the  plant  should  cover  only  the  oil,  the  quantity  of  oil  per  cubic  foot 
injected,  and  the  method  of  treatment.  These  items  could  not  be 
inspected  by  the  purchaser  after  the  blocks  were  received  on  the  street; 
but  the  kind  of  wood  and  the  rings  per  inch  could  be  inspected  as 
well  there  as  at  the  plant.  Therefore,  if  the  final  inspection  included 
these  two  items,  the  contractor  would  be  more  careful  in  providing 
the  proper  kind  of  wood  and  the  rings  per  inch,  at  the  plant.  Other- 
wise, the  report  is  very  satisfactory,  and  the  writer  is  glad  that  this 
Society  and  the  other  societies  dealing  in'  such  matters  have  met 
on  a  common  ground,  and  are  able  to  decide  on  practically  standard 
specifications. 

*  Asst.  City  Engr.,  Minneapolis,  Minn. 

t  Received  by  the  Secretary,  January  19th,  1917. 
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Note. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


WILLIAM  DOUGLAS  PICKETT,  Hon.  M.  Am.  Soc.  C.  E.* 


Died  March  5th,  1917. 


William  Douglas  Pickett  was  the  son  of  George  Blackvvell  Pickett 
and  Courtney  (Heron)  Pickett,  members  of  prominent  Virginia  fam- 
ilies. After  their  marriage,  the  Picketts  had  settled  in  the  Tennessee 
River  Valley,  near  Huntsville,  Ala.,  where  William  Douglas  Pickett 
was  born  on  October  2d,  1827.  After  the  death  of  his  father,  the  family 
moved  to  Kentucky  where  the  boy  received  his  preliminary  education, 
first  in  Richmond  and  then  in  Lexington.  Having  chosen  Civil  Engi- 
neering as  his  life  work,  he  prepared  himself  for  it  at  Transylvania 
University,  from  which  he  was  graduated  in  1845. 

Immediately  after  his  graduation,  Mr.  Pickett  went  to  Texas,  where 
he  was  engaged  as  Engineer  in  establishing  the  disputed  lines  of  a 
large  landed  estate.  While  thus  employed,  war  with  Mexico  was 
declared,  and  Mr.  Pickett  enlisted  with  the  Texas  Rangers.  In  1848 
when  the  war  was  ended,  he  returned  to  Kentucky  and  resumed  the 
practice  of  his  Profession.  He  was  engaged  on  the  reconstruction  of 
the  strap-railroad  from  Lexington  to  Frankfort,  the  first  railroad  built 
west  of  the  Alleghany  Mountains.  He  also  served  as  Assistant 
Engineer  on  the  railroad  constructed  from  Lexington  to  Danville,  and, 
later,  as  Chief  Engineer,  he  located  and  built  railroads  in  Tennessee, 
Georgia,  Alabama,  and  Arkansas. 

At  the  outbreak  of  the  Civil  War  in  1861,  Mr.  Pickett  was  employed 
as  Chief  Engineer  on  the  construction  of  the  Memphis  and  Ohio 
Railroad  in  Tennessee.  He  resigned  immediately  and  enlisted  in  the 
Confederate  Army.  He  raised  a  company  of  civil  engineers  and  received 
a  commission  as  its  Captain  from  the  Governor  of  Tennessee.  Shortly 
afterward,  he  was  transferred  to  the  staff  of  Major-General  Pillow 
and  designed  and  constructed  a  number  of  water  batteries  along  the 
Mississippi  River.  While  serving  as  Engineer  Aide  to  General  Leonidas 
Polk,  Captain  Pickett  was  requested  by  General  Polk  to  accompany 
him  to  Columbus,  Ky.,  to  witness  the  test  of  a  new  gun.  On  the  first 
discharge,  the  gun  burst,  killing  a  number  of  the  men  who  served  it, 
the  concussion  hurling  both  General  Polk  and  Captain  Pickett  through 
the  air.  Although  he  escaped  with  his  life.  Captain  Pickett's  hearing 
was  permanently  impaired  by  the  shock.  He  was  afterward  transferred 
to  the  staff  of  Major  General  Hardee  as  Military  Engineer,  and  took 

*  Memoir  prepared  by  the  Secretary,   from   information   on   file  at  the  House  of 
of  the  Society. 
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part  in  the  battles  of  Shiloh,  Perryville,  Murfreesboro,  and  Missionary 
Kidge,  as  well  as  the  engagements  around  Atlanta. 

When  General  Hardee  was  transferred  to  a  new  Department,  with 
headquarters  at  Charleston,  S.  C,  Captain  Pickett  went  with  him, 
and  was  actively  engaged  in  the  siege  of  Savannah,  the  evacuation 
of  Charleston  and  Fort  Sumter,  and  the  march  of  Hardee's  Army 
to  a  junction  with  that  of  General  Johnston,  and,  on  the  surrender 
of  the  latter,  in  April,  1865,  Captain  Pickett  was  paroled  as  Colonel 
and  Inspector  General  of  Hardee's  Division. 

After  a  venture  in  cotton  planting,  unsuccessful  on  account  of 
floods  in  Yazoo  Pass,  Colonel  Pickett  resumed  the  practice  of  his 
profession,  and,  as  Chief  Engineer,  rebuilt  the  bridges  and  recon- 
structed the  roadbed  for  the  Memphis  and  Ohio  Railroad  Company, 
now  a  part  of  the  Louisville  and  Nashville  System. 

On  April  27th,  1870,  Colonel  Pickett  was  married  to  Miss  Theodosia 
Curd,  of  Lexington,  Ky.,  who  died  a  year  later,  leaving  a  son  who 
survived  her  only  four  years. 

After  the  deaths  of  his  wife  and  little  son.  Colonel  Pickett  went 
West  in  1873,  and  after  several  years  spent  in  prospecting  and  fighting 
Indians  over  the  territory  now  embraced  in  the  Yellowstone  Reserva- 
tion, he  established  himself  on  a  cattle  ranch  in  the  Big  Horn  Country, 
in  Wyoming,  and  became  widely  kno-mi  as  a  successful  hunter  of  the 
grizzly  bear.  When  this  region  became  populated  and  prosperous.  Col- 
onel Pickett  represented  his  district  for  several  terms  in  the  State 
Legislature  of  Wyoming,  first  as  Representative  and  afterward  as 
Senator. 

In  1904,  he  returned  to  Kentucky  and  purchased  a  home  in  Lex- 
ington, where  he  lived  until  his  death  on  March  5th,  1917,  in  his 
ninetieth  year.  Knowing  the  hopelessness  of  his  case,  he  met  his 
end  like  a  soldier,  calmly  and  unflinchingly,  his  last  days  being  dis- 
turbed only  by  the  thought  of  leaving  his  invalid  brother.  Major  George 
Blackwell  Pickett,  who  survives  him. 

A  life-long  friend,  Judge  George  B.  Kinkead,  of  Lexington,  Ky., 
writes  of  Colonel  Pickett  as  follows : 

"Few  knew  him  intimately,  but  to  many  the  tall,  alert  figure  of  this 
handsome  old  gentleman,  democratic  in  his  feelings,  but  displaying 
the  patrician  in  every  lineament,  was  familiar.  In  every  walk  of  life, 
his  most  striking  and  distinguishing  characteristic  was  a  prompt  recog- 
nition of  every  duty  imposed,  and  an  unfaltering  courage  to  discharge  it. 
One  who  lived  close  to  him  for  years,  but  a  few  days  since  remarked 
to  the  writer,  'He  was  the  best  neighbor  I  ever  knew.' " 

Colonel  Pickett  was  a  member  of  the  Boone  and  Crockett  Club,  and 
the  Confederate  Veterans'  Association.  He  was  also  a  member  of 
Christ  Church  Cathedral,  from  which  his  funeral  was  held  on  March 
7th,  1917. 
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He  was  the  oldest  living  member  of  the  American  Society  of  Civil 
Engineers  and  although  not  present  at  the  meeting  of  November  5th, 
lb52,  when  the  Society  was  organized,  he  was  elected  a  Member  on 
July  6th,  1853,  and  therefore  might  be  classed  as  a  Charter  Member. 
Throughout  his  long  membership,  he  took  a  lively  interest  in  the 
welfare  and  prosperity  of  the  Society  and  on  all  occasions  proudly 
displayed  his  badge.  In  1908,  Colonel  Pickett,  then  in  his  eighty-first 
year,  contributed  a  discussion  on  the  paper  by  H.  M.  Chittenden, 
M.  Am.  See.  C.  E.,  entitled  "Forests  and  Reservoirs  in  Their  Relation 
to  Stream  Flow  with  Particular  Reference  to  Navigable  Rivers"*,  and 
also  a  paper  entitled  "The  Floods  of  the  Mississippi  Delta:  Their 
Causes,  and  Suggestions  as  to  Their  Control".!  In  1911,  Colonel 
Pickett  attended  the  Annual  Convention  of  the  Society,  which  was 
held  that  year  at  Chattanooga,  Tenn. 

Colonel  Pickett  was  elected  an  Honorary  Member  of  the  American 
Society  of  Civil  Engineers  on  April  l§t,  1914. 


JOHN  FERRIS  ALDEN,  M.  Am.  Soe.  C.  E.J 


Died  February  27th,  1917. 


John  Ferris  Alden,  the  son  of  Sidney  and  Harriet  Webster  Alden, 
and  a  direct  descendant  in  the  eighth  generation  of  John  Alden,  of 
Plymouth,  Mass.,  was  born  at  Cohoes,  N.  Y.,  on  March  19th,  1852. 
He  was  educated  in  private  schools  in  Albany,  N.  Y.,  and  at  Rensselaer 
Polytechnic  Institute,  from  which  he  was  graduated  with  honors,  in 
June,  1872,  with  the  degree  of  Civil  Engineer. 

Mr.  Alden  did  his  first  engineering  work  as  Assistant  Engineer  on 
the  construction  of  the  railroad  bridge  to  carry  the  tracks  of  the  New 
York  Central  Railroad  over  the  Hudson  River  at  Albany,  N.  Y., 
under  Mr.  Charles  Hilton  as  Chief  Engineer. 

In  January,  1875,  Mr.  Alden  accepted  a  position  as  Assistant 
Engineer  at  the  Leighton  Bridge  and  Iron  Works  at  Rochester,  N.  Y. 
In  1877,  he  was  made  Chief  Engineer  and,  in  1878,  became  a  member 
of  the  firm.  On  July  1st,  1881,  with  the  late  Moritz  Lassig,  M.  Am. 
Soc.  C.  E.,  as  partner,  he  leased  the  Leighton  Bridge  and  Iron  Works 
and  continued  the  business  in  Rochester  under  the  name  of  Alden  and 
Lassig  and  that  in  Chicago,  111.,  under  the  name  of  Lassig  and  Alden. 

In  January,  1886,  the  partnership  was  dissolved  and  Mr.  Alden  pur- 
chased the  business   interests   of   the  firm   in   Rochester,   Mr.   Lassig 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXII,  p.  423. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXIII,  p.  53. 

t  Memoir  prepared  by  the  Secretary,  from  Information  on  file  at  the  House  of  the 
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retaining  those  in  Chicago.  Mr.  Alden  then  re-organized  his  business 
under  the  name  of  the  Rochester  Bridge  and  Iron  Works  of  which  he 
continued  as  sole  owner  until  1901  when  he  sold  out  to  the  American 
Bridge  Company.  He  retained  an  interest  in  the  Company,  however, 
until  his  death. 

During  his  active  connection  with  the  Rochester  Bridge  and  Iron 
Works,  Mr.  Alden  built  many  steel  and  iron  bridges,  especially  for 
railroads,  throughout  the  United  States  and  Canada.  Among  these 
may  be  mentioned  the  Elevated  Railroad  in  New  York  City;  bridges 
for  the  Delaware  and  Hudson  Railroad,  the  Chicago,  Milwaukee  and 
St.  Paul  Railroad,  and  the  Buffalo,  Rochester  and  Pittsburgh  Rail- 
road ;  the  bridge  over  the  Columbia  River  at  Pasco,  Wash. ;  the  via- 
ducts at  Los  Angeles,  Cal. ;  the  Upper  Suspension  Bridge  at  Niagara 
Falls;  and  the  Driving  Park  Avenue  Bridge  at  Rochester,  N.  Y.  He 
also  constructed  the  tower  and  elevator  in  the  House  of  Parliament, 
at  Ottawa,  Ont.,  Canada,  as  well  as  many  buildings  in  New  York, 
Chicago,  and  other  cities,  and  furnished  most  of  the  iron  and  steel 
work  for  the  buildings  of  the  Columbian  Exposition,  at  Chicago,  111. 

Mr.  Alden  was  married,  in  1885,  to  Miss  Mary  E.  Bogue,  of  Brook- 
lyn, N.  Y.,  who,  with  two  sons  and  three  daughters,  survives  him. 

At  the  time  of  his  death  which  occurred  at  his  home  at  Rochester, 
N.  Y.,  on  February  27th,  1917,  after  a  brief  illness,  Mr.  Alden  was 
President  of  the  Locke  Insulator  Manufacturing  Company  and  a 
Director  of  the  Genesee  Valley  Trust  Company.  He  was  also  a  mem- 
ber of  the  Rensselaer  Society  of  Civil  Engineers,  the  Rochester 
Chamber  of  Commerce,  the  Alden  Kindred  of  America,  the  Sons  of  the 
Mayflower,  the  Genesee  Valley  Club,  and  the  Rochester  Club.  He  was 
Vice-President  of  the  Board  of  Trustees  of  the  Friendly  Home,  and 
was  actively  interested  in  the  erection  of  its  new  home.  He  was  also 
a  Vestryman  and  prominent  member  of  Christ  (Protestant  Episcopal) 
Church. 

Mr.  Alden  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  July  6th,  1887. 


RICHARD  EVANS,  M.  Am.  Soc.  C.  E.* 


Died  December  30th,  1916. 


Richard  Evans  was  born  at  Caracas,  Venezuela,  on  November  15th, 
1855,  and,  on  his  father's  side,  came  from  the  Evans  family  long  estab- 
lished in  New  England.  While  he  was  quite  young,  his  parents  re- 
moved to  the  United  States  and  settled  in  Woodbury,  N.  J.  Here  he 
received   his   preliminary   education   before   entering   the   Polytechnic 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the 
Society. 
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College  of  Pennsylvania,  from  which  he  was  graduated  with  the  Class 
of  1875. 

In  1876,  Mr.  Evans  was  employed  as  Rodman  and  Levelman  on 
the  location  of  the  Philadelphia  and  Atlantic  City  Railroad,  and,  from 
1877  to  1879,  he  was  engaged  as  Levelman  and  Transitman  on  topog- 
raphy and  revision  of  lines  and  grades  in  the  Twenty-third  Ward  for 
the  City  of  Philadelphia.  In  1879,  he  was  appointed  Transitman,  and, 
later,  Assistant  Engineer  on  the  preliminary  and  location  surveys  for 
the  Danville  and  Shamokin  Railroad,  in  Pennsylvania,  and,  in  1880, 
he  was  made  Assistant  Engineer  on  the  location  of  the  Five  Mile 
Beach  Railroad  and  laying  out  the  Town  of  Anglesea,  N.  J.  From 
July,  1880,  to  February,  1881,  he  served  as  Transitman  in  the  Main- 
tenance of  Way  Department  of  the  Pennsylvania  Railroad. 

In  1881,  Mr,  Evans  went  to  Mexico  as  Transitman  and  Chief  of 
Field  Party  on  the  location  surveys  for  the  Mexican  National  Railroad, 
returning  in  1882,  to  become  Assistant  Engineer  on  the  New  River 
Branch  of  the  Norfolk  and  Western  Railroad.  In  1883,  he  was  ap- 
pointed Assistant  Engineer  with  the  Pennsylvania  Schuylkill  Valley 
Railroad  Company,  on  the  revision  of  part  of  its  line.  He  designed 
and  made  the  plans  for  arch  culverts,  piers,  and  bridge  abutments  on 
6  miles  of  heavy  construction,  including  the  Schuylkill  River  crossing 
and  viaduct  approach. 

From  1884  to  1887,  Mr.  Evans  was  engaged  with  the  Survey  Depart- 
ment of  the  City  of  Philadelphia  on  sewer  construction  in  the  Manayunk 
District  and  on  laying  out  new  streets  in  the  Twenty-second  Ward. 

In  1887,  Mr.  Evans  went  West  and  was  employed  as  Assistant 
Engineer  with  the  St.  Louis  and  San  Francisco  Railroad  Company. 
Returning  to  the  East  in  1888,  he  was  engaged  until  1890  in  private 
practice,  making  plans,  estimates,  and  superintending  the  construction 
of  macadamized  and  telford  roads,  highway  bridges,  etc.,  in  Mont- 
gomery County,  Pennsylvania.  Afterward,  he  accepted  for  a  short 
time  a  position  as  Principal  Assistant  Engineer  on  the  Philadelphia 
and  Seashore  Railroad. 

In  July,  1890,  Mr.  Evans  established  himself  in  private  practice 
at  Hagerstown,  Md.,  in  partnership  with  Mr.  C.  C.  Yandevanter,  which 
was  continued  until  1893.  He  then  removed  to  Jamaica,  N.  Y.,  where 
he  formed  a  partnership  with  his  brother,  Mr.  C.  A.  Evans,  and  con- 
tinued in  private  practice  as  a  Consulting  Engineer  until  his  death, 
which  occurred  on  December  30th,  1916.  He  was  married  in  Phila- 
delphia, Pa.,  about  1887,  but  his  wife  died  two  years  later. 

In  his  work  and  conduct,  which  was  always  above  criticism,  Mr. 
Evans  exemplified  the  best  influences  of  his  profession.  Realizing  his 
incompatibility  with  the  prevailing  requirements  of  corporation  service 
as  he  saw  them,  he  preferred  the  private  practice  of  engineering  for 
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which  he  felt  himself  better  fitted  temperamentally.  Holding  to  that 
which  he  considered  to  be  right,  his  decisions  in  regard  to  his  work 
were  made  regardless  of  who  was  or  was  not  benefited  thereby.  In 
the  Study  of  any  contemplated  project,  he  always  showed  that  calm- 
ness, ease,  and  continuity  of  application  which  distinguish  the  trained 
engineer. 

Mr.  Evans  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  7th,  1893. 


WILLIAM  OSWALD  HENDERER,  M.  Am.  Soc.  C.  E. 


Died  February  8th,  1917. 


William  Oswald  Henderer,  the  son  of  Myers  Henderer  and  Euretta 
Curtis  Henderer,  was  born  on  May  11th,  1865,  in  Greenbush,  now 
known  as  Rensselaer,  Rensselaer  County,  N.  Y.  He  received  his  early 
education  in  the  district  schools  of  Schodack  Landing  and  Castleton, 
in  Rensselaer  County,  and  in  the  grammar  and  high  schools  of 
Albany,  N.  Y.  His  technical  training  was  received  at  Rensselaer 
Polytechnic  Institute,  Troy,  N.  Y.,  where  he  was  a  member  of  the 
Class  of  1887. 

From  June,  1887,  to  January,  1888,  Mr.  Henderer  served  as  an 
Assistant  in  the  office  of  the  City  Engineer,  of  Troy.  During  the 
spring  and  summer  of  1888  he  worked  on  a  preliminary  survey  through 
iNorthern  Ohio  for  the  Pemisylvania  Railroad  Company. 

From  May,  1888,  until  April,  1891,  he  was  with  G.  W.  G.  Ferris 
and  Company,  of  Pittsburgh,  Pa.,  as  Shop  Inspector  on  bridge,  rail- 
road, and  viaduct  steelwork,  and  it  was  here  that  he  became  acquainted 
with  Frank  C.  Osborn,  M.  Am.  Soc.  C.  E.,  with  whom,  later,  he  was 
associated. 

From  April  to  November,  1891,  Mr.  Henderer  was  Draftsman  and 
Assistant  Engineer  for  the  Detroit  Bridge  and  Iron  Works,  and  from 
N'ovember,  1891,  to  March,  1893,  he  served  in  a  similar  capacity  with 
the  Berlin  Iron  Bridge  Company,  of  East  Berlin,  Conn. 

In  March,  1893,  he  went  to  Cleveland,  Ohio,  to  be  with  Mr.  Osborn, 
in  charge  of  inspection  and  tests.  From  December,  1897,  to  June, 
1900,  as  a  member  of  the  Osborn  Company,  Civil  Engineers,  he  was 
in  charge  of  structural  design,  inspection,  and  general  office  work. 
During  this  period,  the  Brooklyn-Brighton  Viaduct  and  the  South 
Rocky  River  Viaduct,  in  Cuyahoga  County,  Ohio,  and  the  Zanesville 
Y-Bridge,  in  Zanesville,  Ohio,  were  among  the  larger  and  more  inter- 
esting works  handled  by  the  Company. 

*  Memoir  prepared  by  Kenneth  H.  Osborn,  Assoc.  M.  Am.  Soc.  C.  E. 
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In  June,  1900.  The  Osborn  Engineering-  Company  was  incorpo- 
rated, and  Mr.  Henderer  became  its  first  Vice-President.  This  posi- 
tion he  held  until  the  summer  of  1910,  at  which  time  Mr.  Osborn 
retired  from  active  charge  of  the  company,  and  Mr.  Henderer  became 
President. 

In  recent  years,  the  Boston,  New  York,  Cleveland,  Washington,  and 
Detroit  baseball  parks,  and  the  factory  buildings  for  the  Firestone  Tire 
and  Eubber  Company  and  The  B.  F.  Goodrich  Company,  have  been 
included  among  the  more  important  structures  designed  by  the  Com- 
pany. 

Mr.  Henderer  continued  as  President  of  the  Company  until  his 
death,  on  February  8th,  1917,  at  Miami,  Fla.  He  had  been  absent  from 
Cleveland  only  about  10  days  on  a  fishing  trip,  when  he  was  seized  by 
a  sudden  attack  of  peritonitis.  He  was  taken  to  a  hospital  in  Miami, 
but  lived  only  a  few  days  after  the  attack. 

Mr.  Henderer  was  married  on  June  21st,  1893,  to  Ida  F.  Mayer,  of 
Cleveland,  and  had  one  daughter,  Geraldine. 

He  was  an  active  member  of  the  Cleveland  Engineering  Society, 
and  had  served  as  President  of  that  organization.  He  was  also  a  mem- 
ber of  the  American  Society  for  the  Promotion  of  Engineering  Educa- 
tion, the  Cleveland  Athletic  Club,  the  Shaker  Heights  Country  Club, 
and  the  Chippewa  Lake  Club.  He  was  deeply  interested  in  the  Masonic 
organizations  of  Cleveland,  and  was  very  active  in  all  those  of  which 
he  was  a  member. 

Mr.  Henderer  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  April  3d,  1901. 


JOSEPH  RAMSEY,  Jr.,  M.  Am.  Soc.  C.  E.* 


Died  July  7th,  1916. 


Joseph  Eamsey,  Jr.,  the  son  of  Joseph  and  Mary  (Patterson) 
Eamsey,  was  born  at  Pittsburgh,  Pa.,  on  April  17th,  1850.  He  was 
educated  in  the  public  schools  of  Pittsburgh,  and  completed  his  studies 
at  the  Western  University  of  Pennsylvania  in  1869. 

Mr.  Ramsey  began  his  railroad  career  as  a  Rodman  in  the  Engineer 
Corps  of  the  Pittsburgh,  Cincinnati  and  St.  Louis  Railroad.  In  1870  he 
was  made  Engineer  in  charge  of  the  construction  of  the  Dresden  Cut-o£F, 
at  Dresden,  Ohio,  but  resigned  to  accept  the  position  of  Assistant 
Engineer  on  location  and  construction  of  the  Bell's  Gap  Railroad,  and, 
a  year  later,  was  made  Assistant  Engineer  of  the  Lewiston  Division 
of  the  Pennsylvania  Railroad. 

*  Memoir  prepared  by  John  P.  Ramsey,  Esq. 
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Eeturning  to  the  Bell's  Gap  Railroad,  in  1872,  Mr.  Ramsey  was  made 
Chief  Engineer,  and  after  its  completion,  in  1873,  its  Superintendent, 
in  which  position  he  continued  until  January,  1879,  when  he  entered 
the  service  of  the  Pittsburgh,  New  Castle  and  Lake  Erie  Railroad  as 
Chief  Engineer  and  General  Superintendent.  He  resigned  this 
position  in  September  of  that  year,  to  take  a  similar  one  with  the 
Pittsburgh  Southern  Railroad.  Mr.  Ramsey's  unusual  abilities  were 
speedily  recognized,  and  he  was  offered  the  position  of  General  Man- 
ager of  the  Pittsburgh,  Chartiers  and  Youghiogheny  Railroad.  While 
thus  engaged,  he  became  General  Manager  of  two  other  branch  roads 
and  the  Chartiers  Block  Coal  Company. 

From  1883  to  1890  Mr.  Ramsey  served  as  Chief  Engineer  of  the  Cin- 
cinnati, Hamilton  and  Dayton  Railroad,  resigning  to  become  Assistant 
to  the  President  of  the  Cleveland,  Cincinnati,  Chicago  and  St.  Louis 
Railroad,  which  post  he  retained  until  1892.  From  1890  to  1895  he 
was  President  of  the  Peoria  and  Pekin  Union  Railway  and,  from 
1891  to  ,1893,  Yice-President  of  the  Cincinnati,  Wabash  and  Michigan 
Railrbad,  having  charge  of  the  Operating  and  Traffic  Departments  of 
both  these  companies,  while  holding  the  Presidency  of  the  Findlay 
Belt  Railway.  In  June,  1891,  he  was  made  General  Manager  of  the 
Cleveland,  Cincinnati,  Chicago  and  St.  Louis  Railway,  and,  in  1892, 
was  elected  General  Manager  and  Vice-President  of  the  Dayton  Union 
Railroad.  In  April,  1893,  Mr.  Ramsey  accepted  the  position  of  General 
Manager  of  the  Terminal  Railroad  Association  of  St.  Louis,  which 
position  he  held  until  December  1st,  1895,  when  he  was  made  Vice- 
President  and  General  Manager  of  the  Wabash  Railroad  Company. 
He  was  made  President  of  the  entire  Wabash  System  in  1901,  a  position 
which  he  filled  for  five  years  with  signal  success. 

Mr.  Ramsey  was  also  President  of  the  Wheeling  and  Lake  Erie 
Railroad  and  the  Wabash-Pittsburgh  Terminal  Railroad  from  1901 
to  1905;  the  Ann  Arbor  Railroad  from  1902  to  1906;  and  the  W^estern 
Maryland  Railroad  and  West  Virginia  Central  Railroad  from  1903  to 
1905.  He  also  served  as  President  of  the  Pittsburgh  and  Chicago 
Railroad,  the  Lorain  and  Ashland,  and  the  Ashland  and  Western  Rail- 
ways. In  1913,  Mr.  Ramsey  became  President  and  General  Manager 
of  the  Lorain,  Ashland  and  Southern  Railroad,  which  he  had  built. 
While  President  of  the  Wabash  Railroad  he  was  sent  to  the  Paris 
Exposition  of  1900  as  Railroad  Commissioner  from  the  United  States. 

Mr.  Ramsey  was  a  Director  of  the  Louisiana  Purchase  Exposition, 
at  St.  Louis,  Mo.,  and  Vice-President  of  its  Committees  on  Electricity 
and  Electrical  Appliances  and  Transportation.  He  was  also  connected 
with  several  companies  as  Director  and  Committeeman.  He  was  a 
member  of  the  Commercial  and  Noonday  Clubs,  of  St.  Louis,  Mo., 
the  Duquesne  Club,  of  Pittsburgh,  Pa.,  and  the  Toledo  Club,  of  Toledo, 
Ohio. 
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Mr.  Ramsey  was  married  on  April  8th,  1873,  to  Laura,  daughter 
of  James  E.  Palmer,  of  Zanesville,  Ohio,  who,  with  two  sons,  James 
Falmer  and  John  Patterson,  and  three  daughters,  Mrs.  Helen  R. 
Fowler,  Miss  Jane  M.  Ramsey,  and  Mrs.  Mary  R.  Mclntyre,  survives 
him.     His  death  occurred  at  East  Orange,  N.  J.,  on  July  7th,  1916. 

Mr.  Ramsey  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  May  1st,  1889,  and  served  as  a  Director  from  1900 
to  1902,  inclusive. 


WILLIAM  FREDERICK  ALFRED  ANSON,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  July  17th,  1916. 


William  Frederick  Alfred  Anson,  the  son  of  the  Rev.  Alfred  W. 
Anson,  was  born  at  Staimton,  Va.,  on  August  7th,  1878.  He  received 
his  early  education  under  governesses  and  tutors  in  his  home  and -in 
England.  In  1893,  he  entered  the  Episcopal  High  School,  at  Alex- 
andria, Va.,  where  he  remained  until  1896.  He  then  entered  Roanoke 
College,  at  Salem,  Va.,  where  he  remained  for  one  year,  after  which 
he  entered  the  Virginia  Military  Institute,  at  Lexington,  Va.  He 
attended  the  Institute  for  three  years,  but  was  unable  to  complete  his 
course  on  account  of  ill-health.  After  leaving  school,  he  remained 
on  his  father's  farm  until  1902. 

In  July,  1902  Mr.  Anson  entered  the  employ  of  the  Norfolk  and 
Western  Railway  Company,  as  Instrumentman  and  Inspector  on  con- 
struction work.  He  remained  with  this  Company  \mtil  1907.  He 
then  went  to  Martinsville,  Va.,  where  he  was  engaged  in  private 
surveying  until  1908. 

He  was  then  appointed  Inspector  in  Campbell  County  under  the 
Virginia  State  Highway  Commission,  and,  later,  was  promoted  to 
Resident  Engineer  by  the  Commission,  with  headquarters  at  Pulaski, 
Va.,  having  charge  of  the  work  in  several  counties.  In  April,  1914,  he 
was  again  promoted  by  the  Commission  to  be  County  Engineer  of 
Russell  County,  with  headquarters  at  Lebanon,  Va. 

For  several  years  before  his  death  Mr.  Anson  had  been  in  poor 
health,  and  in  January,  1916,  he  went  to  Richmond  where  he  'was 
examined  by  a  specialist  who  pronounced  his  trouble  to  be  chronic 
appendicitis.  He  returned  to  his  home  in  Lebanon,  but  soon  decided 
to  undergo  an  operation,  and,  in  February,  1916,  was  operated  on  at 
the  Bluefield  Sanatorium,  Bluefield,  W.  Va.  He  never  fully  recovered 
from  this  operation,  although  he  returned  to  his  work  which  he  carried 
on  until  about  a  week  before  his  death. 

*  Memoir  prepared  by  A.  H.  Pettigrew,  Esq. 
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In  his  professional  career  Mr.  Anson  developed  those  qualities 
which  insure  success.  He  had  been  connected  with  the  highway  work 
in  Russell  County  only  a  short  time,  but  he  was  highly  thought  of 
by  all  the  citizens,  and  the  County  road  authorities  were  more 
than  satisfied  with  his  management. 

In  October,  1915,  Mr.  Anson  was  married  to  Miss  Vera  Seay,  of 
Eagle  Rock,  Va.  He  is  survived  by  his  widow,  his  father,  brother, 
and  nine  sisters. 

Mr.  Anson  was  regarded  as  an  engineer  of  rare  ability,  and  his 
work  with  the  Virginia  State  Highway  Commission  has  always  been 
highly  commended.  He  was  a  man  of  high  principles  and  of  strong 
convictions,  never  hesitating  to  stand  up  for  what  he  thought  to  be 
right  or  to  oppose  that  which  he  considered  wrong.  He  was  a  devoted 
member  of  the  Protestant  Episcopal  Church,  which  he  had  joined  in 
his  youth,  and  he  will  be  greatly  missed  by  his  family  and  his  friends 
and  associates. 

Mr.  Anson  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  October  1st,  1912. 


GEORGE  EDWARD  VANSITTART,  Assoc.  M.  Am.  Soc.  C.  E.^ 


Died  May  14th,  1916. 


Major  George  Edward  Vansittart,  13th  Battery,  4th  Canadian 
Field  Artillery  Brigade,  died  on  May  14th,  1916,  from  shell  wounds 
received  while  on  active  service  somewhere  in  France. 

The  only  son  of  John  Pennyfather  Vansittart,  Public  Works 
Department,  India,  George  Edward  Vansittart  was  born  at  Mussooree, 
India,  on  October  7th,  1884.  He  came  of  a  long  line  of  naval  and 
military  ancestors,  on  both  sides.  His  great-grandfather  and  his  uncle 
on  his  father's  side  were  Admirals  in  the  British  Navy,  and  Bisham 
Abbey,  in  Berkshire,  was  for  many  years  the  home  of  his  great-grand- 
father, of  which  branch  of  the  family  he  was  the  last  young  male  repre- 
sentative. His  great-grandfather  on  his  mother's  side  was  Colonel 
Alexander  Light  who  commanded  with  distinction  in  India,  and  else- 
where, the  25th  Queen's  Own  Borderers. 

George  Edward  Vansittart  came  to  Canada  at  an  early  age,  and 
was  a,  graduate  of  the  Royal  Military  College  of  Canada  and  also  of 
McGill  University.  At  the  conclusion  of  his  University  career,  in 
1906,  he  adopted  the  profession  of  Civil  Engineering.  During  the 
next  two  years  he  was  employed  as  Resident  Engineer  on  the  con- 
struction of  the  Midland  Railway  of  Manitoba  and  Assistant  Engineer 
*  Memoir  prepared  by  F.  H.  Peters,  Assoc.  M.  Am.  Soc.  C.  E. 
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on  the  Canadian  Pacific  Railway  Irrigation  Project,  at  Calgary, 
Alberta. 

In  the  spring  of  1909,  Mr.  Vansittart  was  engaged  by  Messrs. 
Smith,  Kerry  and  Chace,  Consulting  Engineers,  of  Toronto,  Ont.,  as 
Assistant  Engineer  on  the  construction  work  of  the  Crane  Falls  Power 
and  Irrigatioxi  Company,  of  Boise,  Idaho.  Before  severing  his  con- 
nection with  this  Company  to  enlist  for  active  service,  he  held  the 
position  of  Vice-President  and  General  Manager. 

When  the  Great  War  broke  out,  this  gallant  officer  returned  to 
Canada  and  enlisted  as  a  subaltern  in  the  Field  Artillery,  where  his 
great  ability  gained  for  him  rapid  promotion,  and,  in  a  short  time, 
he  was  gazetted  as  Major  and  given  command  of  a  battery.  By  the 
time' his  battery  reached  England,  it  was  considered  to  be  the  smartest 
and  most  efficient  unit  in  the  artillery  of  the  division  to  which  it 
belonged.  Decorations  and  further  rapid  promotions  were  prophesied 
for  Major  Vansittart,  whose  untiring  energy,  able  judgment,  and 
sound  gunnery  had  impressed  every  one  who  came  into  contact  with 
his  work.    A  Canadian  Staff  Officer  writing  a  personal  letter  said: 

''Vansittart  is  the  best  battery  commander  of  the  outfit,  and  his 
gun  positions  are  the  pride  of  the  district.  Neighboring  artillerymen 
are  sent  down  to  see  them  as  a  model  of  what  gun  positions  should  be. 
The  enemy  have  never  located  them." 

Major  Vansittart  was  mentioned  in  a  despatch  from  General  Sir 
Douglas  Haig,  published  June  15th,  1916,  for  gallant  and  distinguished 
service  in  the  field. 

George  Edward  Vansittart  was  elected  an  Associate  Member  of 
the  American  Society  of  Civil  Engineers,  on  March  5th,  1912.  He 
was  also  an  Associate  Member  of  the  Canadian  Society  of  Civil 
Engineers. 


GEORGE  HENRY  FROST,  Assoc.  Am.  Soc.  C.  E.^ 


Died  March  15th,  1917. 


George  Henry  Frost,  the  son  of  Ebenezer  and  Caroline  (Harwood) 
Frost,  was  born  on  July  9th,  1838,  at  West  Hawkesbury,  Ont.,  Canada, 
where  his  father  was  engaged  in  the  foundry  business.  His  parents 
were  of  New  England  ancestry,  natives  of  Vermont,  who  had  emigrated 
to  Lawrence  County,  New  York,  and,  about  1836,  had  removed  to 
Canada.  When  Mr.  Frost  was  about  a  year  old,  his  parents  removed 
to  Smith's  Falls,  Ont.,  where  the  boy  obtained  his  early  education 
at  the  village  school.  In  1854,  he  was  sent  to  an  academy  in  Glover, 
•  Memoir  compiled  by  the  Secretary  from  information  on  file  at  the  Society  House. 
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Vt.,  and  on  his  return  to  Smith's  Falls,  he  taught  school  while  pre- 
paring for  college.  He  was  graduated  from  McGill  University  in  1860 
with  the  degree  of  Civil  Engineer,  and,  at  the  time  of  his  death,  was 
its  oldest  living  alumnus. 

After  his  graduation  from  McGill,  Mr.  Frost,  as  was  the  custom 
in  those  days,  served  his  apprenticeship  to  a  licensed  land  surveyor, 
until  1863,  when  he  received  his  diploma  as  a  Provincial  Land  Sur- 
veyor. His  ambitions  were  not  satisfied,  however,  by  the  opportunities 
offered  him  at  his  home  in  Smith's  Falls,  and,  in  August,  1863,  he 
went  to  Chicago,  111.,  where  he  secured  employment  as  Rodman  on' 
a  railroad  survey  then  being  made  by  the  Chicago  and  Northwestern 
Railroad  in  Wisconsin.  He  remained  with  that  Company,  firgt  in 
the  office  of  the  Chief  Engineer  and -afterward  in  the  Land  Commis- 
sioner's office,  until  1868,  except  for  the  summer  of  1864  when  he 
was  employed  in  an  architect's  office  in  St.  Louis,  Mo. 

After  leaving  the  employ  of  the  Chicago  and  Northwestern  Rail- 
road Company,  in  1868,  Mr.  Frost  engaged  in  the  private  practice  of 
engineering  with  an  office  in  Chicago.  After  the  great  fire  in  October, 
1871,  he  did  a  great  deal  of  engineering  work  in  connection  with  the 
rebuilding  of  the  city  and  in  the  establishment  of  property  lines  within 
the  burned  district.  Many  of  the  suburban  sections  which  have  been 
incorporated  as  part  of  the  City  of  Chicago  were  laid  out  by  Mr. 
Frost  at  that  time.  His  work  included  also  the  survey  of  the  tracts 
which  now  comprise  the  United  States  Reservation  at  Fort  Sheridan 
and  the  Town  of  Glencoe. 

In  April,  1874,  Mr.  Frost  established  and  issued  the  first  number 
of  the  Engineer  and  Surveyor,  a  monthly  publication  devoted  to  the 
interests  of  the  civil  engineer,  and  the  first  periodical  of  its  kind  in 
America.  In  1876,  the  publication  was  changed  to  a  weekly  and 
re-named  the  Engineering  News.  In  December,  1878,  Mr.  Frost  moved 
his  business  to  New  York  City  and  opened  an  office  in  the  Tribune 
Building.  Later,  he  transferred  his  office  to  the  St,  Paul  Building. 
The  Engineering  News  steadily  prospered  under  his  management 
until  it  became  known  as  one  of  the  leading  authorities  on  civil  engi- 
neering and  allied  subjects.  In  1911,  Mr.  Frost  sold  his  establishment 
to  the  Hill  Publishing  Company,  of  New  York  City,  which  recently 
was  merged  with  the  McGraw  Publishing  Company. 

Mr.  Frost  always  took  great  pride  in  the  fact  that  he  had  carried  the 
entire  first  few  editions  of  his  paper  to  the  post-office  himself,  and 
that,  during  his  37  years  of  ownership,  the  paper  had  never  missed 
an  issue  and  was  always  out  on  time. 

In  1886,  Mr.  Frost  became  a  resident  of  Plainfield,  N.  J.,  and  from 
the  first  took  great  interest  in  the  local  affairs  of  that  place.  When 
the    City    authorities    were    considering    a    sewerage    system    for    the 
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town,  he  took  an  active  part  in  the  work,  serving,  as  a  member  of  the 
Common  Council,  on  the  Committee  on  Streets  and  Sewers  for  five 
years.  As  Chairman  of  that  Committee  in  1893,  he  drafted  the  design 
for  the  sewerage  system  and  devoted  much  thought,  time,  and  labor 
to  the  project  until  its  completion,  in  1896. 

After  severing  his  connection  with  Engineering  News  in  1911,  Mr. 
Frost  retired  from  active  business  and  devoted  his  time  to  study  and 
travel.  He  was  deeply  interested  in  the  study  of  genealogy  and  in 
geography  and  history,  and  he  supplemented  his  reading  by  travel  in 
many  parts  of  the  world.  He  had  visited  most  of  the  countries 
of  Europe  and  had  made  extensive  trips  to  Egypt,  South  America,  and 
in  the  United  States.  In  1914,  he  was  planning  a  trip  around  the 
world,  but  gave  it  up  on  the  outbreak  of  the  European  War. 

Up  to  December  23d,  1916,  Mr.  Frost  had  enjoyed  unusually  good 
health.  On  that  date,  he  suffered  a  stroke  of  paralysis  and,  although 
his  condition  improved  for  a  time,  he  grew  worse  again,  his  death 
occurring  at  his  home  in  Plainfield  on  March  15th,  1917. 

On  December  3d,  1868,  he  was  married  to  Miss  Louisa  Hunt,  a 
daughter  of  the  late  Edwin  Hunt,  of  Chicago,  111.,  and  she,  with  four 
sons,  survives  him. 

Mr.  Frost  was  a  thorough  business  man,  with  a  capacity  for  the 
smallest  as  well  as  the  largest  detail.  He  was  an  optimist  by  nature, 
always  looking  on  the  bright  side  of  things,  his  enthusiasm  never 
lagging  until  his  object  was  accomplished.  Being  deeply  religious, 
he  always  took  a  keen  interest  in  local  church  and  charitable  affairs, 
and  was  an  active  member  of  the  Crescent  Avenue  Presbyterian  Church 
of  Plainfield. 

Mr.  Frost  became  a  citizen  of  the  United  States  in  1863,  and  was 
always  afterward  associated  with  the  Republican  Party.  He  was  a 
member  of  the  Canadian  Society  of  Civil  Engineers,  and  was  also 
connected  with  a  number  of  other  scientific  and  technical  organiza- 
tions. At  the  time  of  his  death,  he  was  President  of  the  Courier-News 
Publishing  Company,  of  Plainfield,  N.  J.,  having  purchased  that  paper 
in  June,  1904. 

Mr.  Frost  was  elected  an  Associate  of  the  American  Society  of 
Civil  Engineers  on  January  4th,  1882. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


April  i8th,  1917.— The  meeting  was  called  to  order  at  8.30  p.  m.; 
Director  Edwin  Duryea  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  134  members  and  9  guests. 

A  paper  by  L.  E.  Jorgensen,  M.  Am.  Soc.  C.  E.,  entitled  "Multiple- 
Arch  Dams  on  Eush  Creek,  California",  was  presented  by  William  P. 
Creager,  M.  Am.  Soc.  C.  E.,  and  illustrated  with  lantern  slides.  The 
paper  was  discussed  orally  by  Messrs.  F.  O.  Blackwell,  A.  D.  Flinn, 
F.  W.  Scheidenhelm,  Edward  Wegmann,  W.  J.  Douglas,  and  Edwin 
Duryea. 

A  second  paper,  entitled  "Cement  Joints  for  Cast-iron  Water 
Mains,"  by  Clark  H.  Shaw,  Assoc.  M.  Am.  Soc.  C.  E.,  was  presented  by 
the  Secretary,  who  also  read  a  communication  on  the  subject  from 
Harry   Y.    Carson,   Jun.   Am.    Soc.    C.   E.     Written   discussions   from 
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Frank  Alfred  Randall,  Chicago,  111. 
Horace  Prettyman  Warren,  Seattle,  Wash. 
Andrew  Weiss,  Mitchell,  Nebr. 
Wesley  Akers  Wynn,  Harrisburg,  Pa. 
Charles  Asa  Dilts  Young,  Seattle,  Wash. 

From  Junior  to  Associate  Member 
John  Edward  Anderson,  France 
Ralph  Ernest  Beck,  Brooklyn,  N.  Y. 
Paul  Caldwell  Campbell,  Kansas  City,  Mo. 
Jacob  Xenab  Cohen,  Syracuse,  N.  Y. 

William  Owen  Cotton,  Idaho  Falls,  Idaho  , 

Arthur  Klock  Hinds,  New  York  City 
Guy  G.  Mills,  Atlanta,  Ga. 
Walter  Scott  Obermeyer,  Pittsburgh,  Pa. 
Charles  Bach  Seib,  Kingston,  N.  Y. 
Elroy  George  Smith,  Augusta,  Ga. 
Roy  Elmer  Smith,  Seattle,  Wash. 
Robert  L'Hommedieu  Tate,  Buffalo,  N.  Y. 

The  Secretary  announced  the  following  deaths : 

Otis  Francis  Clapp  (Director),  of  Providence,  R.  I.,  elected  Mem- 
ber, March  2d,  1898 ;  died  March  3d,  1917. 

Joseph  Phineas  Davis,  of  Yonkers,  N.  Y.,  elected  Member,  Jan- 
uary 29th,  1868 ;  died  March  31st,  1917. 

Edmund  Hazen  Drury,  of  Ottawa,  Ont.,  Canada,  elected  Member, 
October  4th,  1905 ;  died  January  31st,  1917. 

William  Henry  Hunter,  of  Manchester,  England,  elected  Mem- 
ber, February  7th,  1906 ;  died  February  27th,  1917. 

William  Herbert  Hyde,  of  Washington,  D.  C,  elected  Junior, 
April  30th,  1901;  Associate  Member,  June  4th,  1902;  died  April 
15th,  1917. 

Adjourned. 

May  2d,  1917.— The  meeting  was  called  to  order  at  8.30  P.  M.; 
Director  Alfred  D.  Flinn  in  the  chair ;  Chas.  Warren  Hunt,  Secretary ; 
and  present,  also,  92  members  and  9  guests. 

The  minutes  of  the  meetings  of  March  14th,  March  21st,  and 
April'4th,  1917,  were  approved  as  printed  in  Proceedings  for  April,  1917. 

A  paper  by  F.  C.  Carstarphen,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
•■^An  Aerial  Tramway  for  the  Saline  Valley  Salt  Company,  Inyo  County, 
California",  was  presented  by  the  author  and  illustrated  with  lantern 
slides.  The  subject  was  discussed  by  Messrs.  Richard  Lamb,  H.  F. 
Scholtz,  and  the  author. 
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The  Secretary  anuouuced  the  following  deaths: 

Arthur  Beardsley,  of  Swarthmore,  Pa.,  elected  Associate,  Sep- 
tember 1st,  1875;  Member,  September  2d,  1891;  date  of  death  unknown. 

Van  Brunt  Bergen,  of  Brooklyn,  N.  Y.,  elected  Member,  June  17th, 
1S68 ;  died  April  27th,  1917. 

Erle  Leroy  Veuve,  of  Los  Angeles,  Cal.,  elected  Junior,  September 
3d,  1901 ;  Member,  February  2d,  1909 ;  died  March  25th,  1917. 

Edward  Thomas  Wright,  of  Los  Angeles,  Cal.,  elected  Member, 
February  3d,  1886;  died 'March  29th,  1917. 

Harold  Davis,  of  Washington,  D.  C,  elected  Associate  Member, 
October  2d,  1901 ;  died  March  25th,  1917. 

Adjourned. 

OF  THE    BOARD  OF   DIRECTION 

(Abstract) 

April  17th,  1917. — The  Board  met  at  10.05  a.  m.,  President 
Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Coleman,  Crocker,  Darling,  Davies,  Davis,  Duryea,  Flinn, 
Harwood,  Hawley,  Herschel,  Humphreys,  Khuen,  McDonald,  Marx, 
Noble,  Ockerson,  Ricketts,  Eights,  and  Webster. 

Report  of  Committee  on  Revision  of  the  Constitution  made  first 
order  of  business. 

Mr.  Endicott  was  invited  to  attend  the  Board  meeting  and  present 
the  Report  of  the  Committee  of  which  he  is  Chairman. 

Mr.  Endicott  presented  the  revised  Constitution  as  adopted  by  the 
Committee,  also  a  Statement  signed  by  himself,  Messrs.  Ockerson  and 
McDonald. 

The  revised  Constitution  as  presented  by  the  Committee  was  con- 
sidered article  by  article  and  amended. 

Vice-President  Kittredge  and  Treasurer  Tillson  came  in  while  this 
action  was  going  on. 

On  motion,  duly  seconded,  the  revised  Constitution,  as  reported  by 
the  Committee,  and  amended  by  the  Board,  was  ordered  sent  out  to  the 
membership  under  Article  IX  of  the  Constitution.* 

On  motion,  duly  seconded,  the  Committee  on  Revision  of  the  Con- 
stitution was  discharged. 

Adjourned  to  meet  at  2.15  p.  m. 

2.15  p.  M.  the  Board  reconvened. 

On  motion  of  Mr.  McDonald,  seconded  by  Mr.  Ockerson,  the  entire 
correspondence  with  relation  to  the  Constitution  was  ordered  spread 
upon  the  Minutes. 

The  Secretary  reported  the  death  of  Director  Otis  F.  Clapp,  on 
March  3d,  1917. 

*  Page    315. 
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On  motion,  duly  seconded,  Frederic  H.  Fay  was  nominated  and 
unanimously  elected  a  Director  of  the  Society  to  fill  tlie  vacancy  caused 
by  the  death  of  Director  Otis  F.  Clapp. 

Director  Harwood  presented  his  resignation  as  Chairman  of  the 
Library  Committee,  and  Director  Flinn  was  appointed  as  Chairman 
of  the  Library  Committee. 

The  Secretary  reported  that  at  the  request  of  the  Western  Society 
of  Engineers  President  Pegram  had  appointed  Messrs.  Onward  Bates 
and  William  H.  Finley  as  representatives  of  this  Society  on  a  Board 
to  make  the  "Washington  Award." 

Mr.  Hunt  of  the  Committee  on  the  Alfred  Noble  Memorial  reported 
progress. 

The  question  of  the  proposed  enlargement  of  the  functions  of  the 
Joint  Committee  on  National  Engineer  Reserve  was  referred  to  the 
President  with  power. 

A  report  was  presented  from  a  Committee  on  the  Relations  of  Local 
Associations  of  the  American  Society  of  Civil  Engineers  to  -that 
Society,  to  Other  Engineering  Organizations,  and  Engineers,  and  to 
the  Public,  which  on  motion,  duly  seconded,  was  received,  its  regom- 
mendations  adopted,  and  ordered  printed  in  Proceedings  and  discus- 
sion invited.* 

The  Secretary  reported  that  since  the  last  meeting  of  the  Board  all 
the  books  in  the  Library,  except  duplicates,  had  been  moved  to  the 
U.  E.  S.  Building  and  turned  over  to  the  Joint  Library;  that  there 
remain  on  our  shelves  about  22  000  duplicates ;  that  numerous  requests 
have  been  received  for  donation  of  these  books  to  various  Libraries. 
The  whole  matter  of  the  disposition  of  the  duplicates  in  the  Library 
was  referred  to  the  Executive  Committee  with  power. 

The  following  was  adopted: 

"Resolved:  That  ownership  of  the  Library  of  the  American  Society 
of  Civil  Engineers  now  in  the  Library  of  the  United  Engineering 
Society  be  transferred  to  that  Society  whenever  the  necessary  legal 
steps  for  such  transfer  are  made.'' 

A  proposal  for  the  formation  of  an  Engineering  Council  forwarded 
by  a  General  Joint  Committee  appointed  for  the  purpose,  in  the  form 
of  suggested  amendments  to  the  By-laws  of  the  U.  E.  S.,  was  presented. 

The  suggested  amendments  were  approved  as  presented.f 

The  following  resolutions  were  adopted: 

■  "Resolved:  That  it  is  the  sense  of  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers  that  the  representation  of  the 
U.  E.  S.  on  the  Engineering  Council  should  be  four  instead  of  three, 
and  that  the  words  'Governing  Bodies  of  each  of  the  Founder  Societies, 
and  to  the'  be  added  in  the  last  line  of  the  proposed  amendment  to  the 
By-law,  so  that  the  last  sentence  shall  read:    'The  Council  shall  keep 

*  See  p.   327. 
tSee  p.   342. 
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« 

a  record  of  its  proceedings  and  transmit,  after  each  meeting,  a  copy 
of  the  same  to  the  Governing  Bodies  of  each  of  the  Founder  Societies, 
and  to  the  Board  of  Trustees  of  the  United  Engineering  Society' ;  pro- 
vided the  United  Engineering  Society  may  find  it  possible  to  make 
these  clianges  in  the  proposed  suggestions." 

Correspondence  relating  to  the  propriety  of  the  acceptance  by  an 
Engineer  of  a  contingent  fee  was  presented.* 

The  Secretary  was  instructed  to  publish  this  correspondence  in 
Proceedings. 

A  report  was  received  from  Messrs.  F.  G.  Jonah  and  C.  L.  Strobel, 
Delegates  appointed  to  attend  the  Conference  on  Engineering  Co- 
operation, Chicago,  March  29tli  and  30th,  1917. 

A  revision  of  the  Constitution  of  the  Baltimore  Association  of 
Members  was  presented  and  approved. 

Letter  from  the  San  Diego  Association  of  Members  relating  to  a 
proposed  Bill  relative  to  the  licensing  of  architects  in  California, 
together  with  a  copy  of  a  resolution  unanimously  adopted  by  the  San 
Diego  Association  condemning  it,  was  presented,  and  the  publication 
of  this  matter  in  Proceedings  was  authorized.! 

The  proposed  Constitution  of  the  Duluth  Association  of  Members 
was  presented  and  approved  by  the  Board. 

Letter  from  the  Secretary  of  the  Military  Engineering  Committee 
of  New  York  requesting  co-operation  of  this  Society,  and  suggesting 
the  appointment  of  one  or  more  representatives  to  confer  with  this 
Committee  was  presented.  The  Secretary  was  instructed  to  reply  that 
as  this  Society  is  a  !N^ational  Society  it  is  not  within  its  province  to  take 
the  action  indicated,  which  relates  to  a  local  matter. 

Letter  from  the  Secretary  of  the  Department  of  Commerce  urg- 
ing co-operation  with  the  Department  of  Agriculture  in  its  campaign 
to  increase  the  crops  of  the  country  was  'presented,  and  was  ordered 
published  in  the  May  Number  of  Proceedmgs.X 

The  following  resolution  was  adopted: 

"Resolved:  That  no  officer  of  the  Society  shall  officially  recommend 
any  one  for  any  office  or  position." 

The  resignation  of  Frank  C.  Osborn  as  a  member  of  the  Special 
Committee  on  Steel  Columns  and  Struts  was  received  and  accepted. 

The  resignation  of  J.  B.  Berry  as  a  member  of  the  Special  Com- 
mittee on  Stresses  in  Railroad  Track  was  presented  and  accepted. 

The  Secretary  reported  that,  in  accordance  with  the  authority  of 
the  Board,  Chairman  Bates  had  appointed  Hugh  L.  Cooper  a  member 
of  the  Alfred  Noble  Memorial  Committee. 

*  See  p.   332. 

'  t  See  p.   334. 

+  See  p.   333. 
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The  following  resolution  was  adopted: 

"Resolved:  That  the  Executive  Committee  be  given  power  to  pass 
upon  all  routine  matters,  and  those  requiring  prompt  attention  and 
which  do  not  aifect  the  general  policy  of  the  Society,  and  that  the  Sec- 
retary forward  an  abstract  of  such  action  by  the  Executive  Committee 
to  each  member  of  the  Board." 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

The  resignations  of  1  Member,  3  Associate  Members  and  4  Juniors, 
were  accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
7  Members,  40  Associate  Members,  and  12  Juniors,  and  the  transfer 
of  12  Juniors  to  the  grade  of  Associate  Member. 

Fourteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Adjourned  8  p.  m. 

April  i8th,  1917. — The  Board  met  at  10.20  a.  m..  President  Pegram 
in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also, 
Messrs.  Coleman,  Crocker,  Davies,  Duryea,  Flinn,  Hawley,  Herschel, 
Khuen,  Kittredge,  McDonald,  Noble,  and  Rights. 

A  Report  from  Committee  appointed  to  report  on  the  Establish- 
ment by  the  Society  of  an  Employment  Bureau,  Messrs.  F.  H.  Newell, 
H.  S.  Crocker,  and  E.  N.  Laytield,  was  received,  and  the  Report  was 
accepted,  the  Committee  discharged,  and  the  Report  ordered  printed 
in  Proceedings* 

On  motion,  duly  seconded,  the  representatives  of  the  Society  on 
the  U.  E.  S.  Board  were  instructed  to  say  that  the  Board  of  Direction 
is  in  favor  of  a  central  committee  to  carry  out  the  matter  suggested  in 
this  Report. 

A  resolution  was  adopted  in  regard  to  universal  military  training.f 

Adjourned. 

The  Board  reconvened  at  5.50  p.  m..  President  Pegram  in  the  chair; 
Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Coleman, 
Duryea,  Flinn,  Khuen,  Kittredge,  McDonald,  Noble,  and  Tillson. 

This  meeting  was  held  subsequent  to  the  meeting  of  the  Member- 
ship Committee  w^hich  had  continued  all  day  since  the  adjournment 
of  the  previous  Board  meeting. 

A  report  from  the  Membership  Committee  was  received  and 
acted  upon. 

The  date  of  the  next  Board  meeting  was  fixed  as  Monday,  June  11th, 
at  10  A.  M. 

Adjourned  6.05  p.  m. 

•  See  p.  330. 
t  See  p.   331. 
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SOCIETY  ITEMS  OF  INTEREST 
Proposed   Revision   of   the   Constitution 

On  April  17th,  1917,  a  Committee  of  the  Board  appointed  to 
prepare  a  revision  of  the  Constitution  reported  to  the  Board  of 
Direction.  The  Board  considered  the  Report,  and  ordered  that 
the  revised  Constitution,  as  prepared  by  the  Committee,  and 
amended  by  the  Board,  be  sent  out  to  the  membership  under  Article 
IX  of  the  Constitution. 

The  revision  of  the  Constitution,  printed  below  in  accordance 
with  this  resolution,  will,  under  the  provision  of  Article  IX  of  the 
Constitution,  be  brought  before  the  Annual  Meeting  of  the  Society 
to  be  held  January  16th,  1918. 

REVISED  CONSTITUTION 


ARTICLE  I. — Name,  Location  and  Object. 

1. — ^The  name  of  this  Association  shall  be  the  American  Society  of 
Civil  Engineers. 

2. — The  office  of  the  Society  shall  be  in  the  City  of  New  York. 

3. — Its  objects  shall  be  the  advancement  of  engineering  knowledge 
and  practice,  the  maintenance  of  high  professional  standards  among 
engineers,  and  active  participation  in  affairs  which  involve  engineering 
interests. 

4. — In  furtherance  of  these  purposes  meetings  for  the  presentation 
and  discussion  of  appropriate  papers  and  topics,  and  for  social  and  pro- 
fessional intercourse,  shall  be  held;  adequate  facilities  for  the  trans- 
action of  its  business  and  for  meetings  of  its  members  shall  be  provided ; 
publications  may  be  issued,  and  libraries  maintained. 

5. — Subsidiary  Associations,  limited  to  the  membership  in  all  grades 
may  be  organized  to  promote  social  and  professional  intercourse  among 
the  membership,  and  to  stimulate  interest  and  encourage  active  participa- 
tion in  the  objects  of  the  Society.  Such  Associations  may  be  formed  with 
any  geographical  limitation  desired  by  any  group  of  members,  when  such 
formation  and  limitation  are  approved  and  authorized  by  the  Board  of 
Direction.  Such  Associations  shall  be  governed  by  Constitutions 
approved  by  said  Board. 

ARTICLE  II.— Membeksuip. 

1. — The  Corporate  Members  shall  be  designated  as  Members  and  Asso- 
ciate Members.  There  may  also  be  connected  with  the  Society,  Honorary 
Members,  Affiliates,  and  Juniors. 

2. — A  Member  shall  be  an  engineer  in  any  branch  of  the  profession, 
who  at  the  time  of  admission  shall  be  not  less  than  thirty-two  years  of 
age,  and  shall  have  been  in  the  active  practice  of  the  profession  for  not 
less  than  ten  years;   shall  have  had  responsible  charge  of  the  construe- 
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tion  of  engineering  work  of  high  grade  for  at  least  five  j^ears,  and  shall 
have  designed  work  of  such  character. 

3. — An  Associate  Member  shall  be  an  engineer  in  any  branch  of  the 
profession,  who  at  the  time  of  admission  shall  be  not  less  than  twenty- 
five  years  of  age;  shall  have  been  in  the  active  practice  of  the  profession 
for  not  less  than  six  years;  and  shall  have  had  responsible  charge  of 
engineering  work  as  principal  or  assistant  for  at  least  one  year. 

4. — Graduation  from  a  school  of  engineering  of  high  standing  shall 
be  considered  as  equivalent  to  two  years  of  active  practice.  The  per- 
formance of  the  duties  of  a  Professor  of  Engineering  in  such  a  school 
shall  be  considered  as  equivalent  to  the  same  time  spent  in  actual  prac- 
tice, but  shall  not  be  considered  as  time  spent  in  responsible  charge  of 
engineering  work. 

5. — An  Affiliate  shall  be  a  person  of  distinction,  who  is  qualified  to 
co-operate  with  engineers  in  the  advancement  of  professional  knowledge 
and  practice. 

6. — A  Junior  shall  be  not  less  than  twenty  years  of  age  when  admitted, 
and  shall  have  had  active  practice  in  some  branch  of  engineering  for  at 
least  two  years,  or  shall  have  been  graduated  from  an  engineering  school 
of   high   standing.      Connection   with   the   Society   as   Junior   shall   cease 

at  the  age  of  thirty-four. 

7. — Affiliates  and  Juniors  shall  be  entitled  to  all  the  privileges  of 
the  Society,  except  the  right  to  vote  and  to  hold  office  therein. 

8. — Honorary  Members  shall  be  persons  of  eminence  in  some  branch 
of  Engineering  or  the  sciences  related  thereto.  There  shall  not  be  more 
than  twenty  Honorary  Members  at  any  one  time. 

9. — The  status  of  any  member  of  the  Society  in  any  grade,  at  the 
time  of  the  adoption  of  this  Constitution,  shall  not  be  aifected  in  any 
way  by  its  provisions,  except  that  the  Associates  at  that  time  shall  become 
Affiliates. 

ARTICLE  III.- — Admissions,    Discipline   and   Expulsions. 

1. — Admission  to  the  Society  shall  be  by  vote  of  the  Board  of  Direc- 
tion, which  shall  have  the  sole  power  to  elect  persons  to  any  grade,  to 
transfer  from  one  grade  of  membership  to  another,  and  to  discipline  or 
to  expel  members  of  any  grade  in  accordance  with  the  provisions  of  this 
Constitution,  and  such  by-laws  as  may  be  prescribed  by  said  Board.  The 
action  of  the  Board  in  all  such  matters  shall  be  reported  to  the  Society. 

2. — All  persons  elected  and  duly  qualified,  whose  address  on  the  rec- 
ords of  the  Society  is  within  fifty  "miles  of  the  Post  Office  in  the  City  of 
New  York,  shall  be  deemed  Resident;  and  those  whose  address  is  beyond 
that  limit  shall  be  deemed  Non-Resident. 
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The  classification  of  each  person  for  the  fiscal  year,  as  Resident  or 
Non-Resident,  shall  be  determined  by  the  Records  of  the  Society  as  they 
may  appear  on  January  1st  of  that  year. 

3. — A  member  of  any  grade  in  the  Society  may  resign  from  member- 
ship by  a  written  communication  to  the  Board  of  Direction;  when,  if 
all  dues  have  been  paid,  the  resignation  shall  be  accepted. 

ARTICLE  IV.— Dues. 

1. — The  entrance  fees  payable  on  admission  to  the  Society  shall  be 
as  follows:  By  Members,  thirty  dollars;  Associate  Members,  twenty-five 
dollars;    Affiliates,  twenty  dollars;    Juniors,  ten  dollars. 

2. — The  annual  dues  payable  by  Members,  whether  Resident  or  Non- 
Resident,  shall  be  as  follows:  By  Corporate  Members,  fifteen  dollars; 
Affiliates,  ten  dollars;   Juniors,  ten  dollars. 

3. — In  addition  to  the  dues  prescribed  in  the  preceding  section,  per- 
sons living  in  District  No.  I  shall  pay  annually  as  follows:  Corporate 
Members,  ten  dollars;  Affiliates,  five  dollars;  Juniors,  five  dollars. 

4. — A  person  transferred  from  any  grade  to  a  higher  one  shall  pay 
the  difference  between  the  entrance  fees  of  the  two  grades,  and  his  annual 
dues  shall  be  those  of  the  higher  grade. 

5. — The  annual  dues  shall  be  payable  in  advance  on  the  first  day  of 
January  of  each  year.  Persons  elected  after  six  months  of  any  fiscal 
year  shall  have  expired,  shall  pay  one-half  of  the  amount  of  dues  for 
that  fiscal  year. 

6. — All  future  dues  may  be  compounded  by  a  single  payment  by  a 
Corporate  Member  of  $250;  or  by  an  Affiliate  of  $150.  Should  a  com- 
pounding Affiliate  be  elected  to  Corporate  Membership  he  shall  pay  the 
additional   sum   of   $100. 

Provided,  that  all  compounding  Corporate  Members  or  Affiliates  who 
may  be  or  hereafter  become  Resident,  shall  be  and  remain  liable  for  the 
annual  payment  of  the  diff"erence  between  the  annual  dues  of  Resident 
and  Non-Resident  Corporate  Members,  or  Affiliates;  but  any  Corporate 
Member  may  at  any  time  compound  for  the  future  payment  of  all  annual 
dues  of  every  nature  and  kind  by  the  payment  of  $75  in  addition  to  the 
$250  hereinbefore  named,  and  any  Affiliate  may  at  any  time  compound 
for  the  future  payment  of  all  annual  dues  as  Affiliate  by  the  payment  of 
$40  in  addition  to  the  $150  hereinbefore  named. 

Provided,  that  any  person  desiring  to  compound  for  future  dues  shall 
have  paid  his  entrance  fee,  all  arrears  of  dues,  and  the  annual  dues  for 
the  current  year. 

Persons  compounding  shall  sign  an  agreement  that  they  will  be  gov- 
erned by  the  Constitution  and  Laws  of  the  Society  as  they  are  now 
formed,  or  as  they  may  be  hereafter  altered,  amended  or  enlarged;   and 
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that  in  case  of  their  ceasing  to  be  connected  with  the  Society  from  any 
cause  whatever,  the  amount  theretofore  paid  by  them  for  compounding, 
and  for  entrance  fees  and  annual  dues,  shall  be  the  property  of  the 
Society. 

All  moneys  thus  paid  in  commutation  of  annual  dues  shall  be  invested 
as  a  permanent  fund,  only  the  interest  thereon  being  subject  to  appro- 
priation for  current  expenses. 

7. — The  Board  of  Direction  may,  for  sufficient  cause,  temporarily 
excuse  from  payment  of  annual  dues  any  member  who  from  ill  health, 
advanced  age,  or  other  good  reason  assigned,  is  unable  to  pay  such  dues; 
and  the  Board  may  remit  the  whole  or  part  of  dues  in  arrears. 

8. — Every  person  admitted  to  the  Society  shall  be  liable  for  the  pay- 
ment of  all  dues  until  connection  therewith  shall  have  ceased. 

9. — The  status  of  any  present  Fellow  or  Subscriber  shall  not  be 
changed  by  the  provisions  of  this  Constitution. 

10. — Corporate  Members  and  Affiliates  who  have  paid  dues  as  such 
for  thirty-five  years  shall  be  exempt  from  further  dues. 

ARTICLE  v.— Officers. 

1. — The  officers  of  the  Society  shall  be  a  President,  four  Vice-Presi- 
dents, eighteen  Directors,  a  Secretary,  and  a  Treasurer.  These  officers, 
with  the  exception  of  the  Secretary,  together  with  the  latest  five  Past- 
Presidents  who  continue  to  be  members,  shall  constitute  the  Board  of 
Direction  in  which  the  government  of  the  Society  shall  be  vested,  and 
shall  be  the  Trustees  as  provided  for  by  the  laws  under  which  the 
Society  is  organized. 

2. — The  terms  of  office  of  the  President,  Secretary,  and  Treasurer 
shall  be  one  year;  of  the  Vice-Presidents,  two  years;  and  of  the  Direc- 
tors, three  years. 

The  term  of  each  officer  shall  begin  at  the  close  of  the  Annual  Meet- 
ing at  which  such  officer  is  elected,  and  shall  continue  for  the  period 
above  named  or  until  a  successor  is  duly  elected. 

3. — A  vacancy  in  the  office  of  President  shall  be  filled  by  the  senior 
Vice-President,  who  shall  become  the  President  for  the  unexpired  term, 
and  perform  all  the  duties  pertaining  to  the  office,  and  to  the  office  of 
Past-President  for  the  succeeding  five  years. 

A  vacancy  in  the  office  of  Vice-President  shall  be  filled  by  the  senior 
Director  (eligible  under  Article  V,  Section  5),  who  shall  become  the  Vice- 
President  for  the  unexpired  term  and  perform  all  the  duties  pertaining 
to  the  office.  Seniority  between  persons  holding  similar  offices  shall 
be  determined  by  priority  of  election  to  the  office,  and  when  these  dates 
are  the  same,  by  priority  of  admission  to  Corporate  Membership;  and 
when  the  latter  dates  are  identical,  the  selection   shall  be  made  by  lot. 
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In  case  of  the  disability  or  neglect  in  the  performance  of  duty,  of  any 
officer  of  this  Society,  the  Board  of  Direction  shall  have  power  to 
declare  the  office  vacant.  Vacancies  in  any  office  for  the  unexpired 
term  shall  be  filled  by  the  Board  of  Direction,  except  as  provided  in 
this  Section. 

4. — ^The.  President  shall  be  ineligible  for  re-election.  The  Vice-Presi- 
dents and  Directors  shall  not  be  eligible  for  re-election  to  the  same  office 
until  at  least  one  full  term  shall  have  elapsed  after  the  end  of  their 
respective  terms. 

5. — Only  one  Vice-President  and  six  Directors  shall  be  Resident 
Corporate  Members. 

6. — The  Secretary  and  the  Treasurer  shall  be  Resident  Corporate 
members  during  their  terms  of  office. 


ARTICLE  VI.— Management. 

1. — The  President  shall  have  general  supervision  of  the  affairs  of 
the  Society.  He  shall  preside  at  meetings  of  the  Society  and  of  the 
Board  of  Direction  at  vehich  he  may  be  present,  and  shall  be,  ex  officio, 
a  member  of  all  committees  except  the  Nominating  Committee.  He  shall 
deliver  an  address  at  the  Annual   Convention. 

The  Vice-Presidents,  in  order  of  seniority,  shall  preside  at  meetings 
in  the  absence  of  the  President. 

2. — The  Board  of  Direction  shall  manage  the  affairs  of  tjie  Society  in 
conformity  to  the  laws  under  which  it  is  organized  and  the  provisions 
of  the  Constitution,  and  shall  adopt  by-laws  which  it  may  amend  from 
time  to  time  and  shall  inform  the  membership  of  such  by-laws  and  any 
amendments  made  thereto.  It  shall  direct  the  investment  and  care  of 
the  funds  of  the  Society;  make  appropriations  for  specific  purposes;  act 
upon  applications  for  membership  as  heretofore  provided;  take  measures 
to  advance  the  interests  of  the  Society;  appoint  all  its  employees;  and 
generally  direct  its  business.  It  shall  make  an  annual  report  to  the 
Annual  Meeting. 

3. — The  Treasurer  shall  receive  all  moneys  and  deposit  the  same  in 
the  name  of  the  Society.  He  shall  invest  all  funds  not  needed  for  cur- 
rent disbursements,  as  shall  be  ordered  by  the  Board  of  Direction.  He 
shall  pay  all  bills,  when  certified  and  audited,  as  provided  by  this  Con- 
stitution and  by  rules  to  be  prescribed  by  the  Board  of  Direction.  He 
shall  make  an  annual  report. 

* 

4. — The  Secretary  shall  be  elected  by  ballot  of  the  Board  of  Direction, 

and  shall  hold  the  office  until  a  successor  is  elected,  provided  that  a 
majority  of  the  whole  Board  of  Direction  shall  be  required  to  elect  the 
Secretary. 
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Under  the  direction  of  the  President  and  the  Board  of  Direction, 
the  Secretary  shall  be  the  executive  officer  of  the  Society,  in  charge  of 
the  correspondence,  books  of  accounts  and  records,  the  Society  quarters 
and  contents  thereof,  and  the  supervision  of  all  employees;  he  shall  cer- 
tify to  the  accuracy  of  all  bills  or  vouchers,  shall  countersign  all  checks, 
collect  and  transfer  to  the  Treasurer  all  moneys  due  the  Society.  He 
shall  present  annuallj'  a  balance  sheet  of  his  books  as  of  the  31st  of 
December  and  shall,  from  time  to  time,  furnish  such  financial  or  other 
statements  as  may  be  required  by  the  Board  of  Direction.  He  will  be 
expected  to  attend  all  meetings  of  the  Society  and  of  the  Board  of  Direc- 
tion, prepare  the  business  therefor,  and  duly  record  the  business  thereof. 

5. — The  Secretary  and  Treasurer  shall  be  paid  salaries  to  be  deter- 
mined by  the  Board  of  Direction. 

6. — The  Board  of  Direction  shall  meet  within  twenty  days  after  the 
Annual  Meeting,  and  shall  then  appoint  from  its  members  a  Finance 
Committee  of  five,  a  Publication  Committee  of  five,  and  a  Committee  on 
Special  Committees.  At  least  three  members  of  the  Finance  Committee, 
and  two  members  of  the  Publication  Committee  shall  be  resident  within 
fifty  miles  of  New  York. 

7. — The  Finance  Committee  shall  have  supervision  of  the  financial 
affairs  of  the  Society;  employ  an  expert  accountant  to  audit  the  accounts 
monthly;  approve  all  bills  before  payment;  prepare  an  annual  budget; 
and  make  recommendations  to  the  Board  of  Direction  as  to  the  invest- 
ment of  moneys,  and  other  financial  matters. 

8. — The  Publication  Committee  shall  have  supervision  of  the  publica- 
tions of  the  Society,  and  of  contracts  and  expenditures  connected  there- 
with. 

9. — The  Committee  on  Special  Committees  shall  have  supervision 
of  the  work  of  all  Special  Committees. 

10. — The  President,  Resident  Vice-President,  and  Treasurer,  together 
with  the  Chairmen  of  the  Standing  Committees  on  Finance,  Publica- 
tions, and  Special  Committees,  shall  constitute  an  Executive  Committee, 
which  shall  have  power  to  act  on  all  matters  when  the  Board  of  Direction 
is  not  in  session,  and  to  call  special  meetings  of  said  Board.  Any  "action 
of  the  Executive  Committee  shall  be  communicated  promptly  to  all 
members  of  the  Board. 

11. — Special  Committees  may  from  time  to  time  be  appointed  by  the 
♦Board  of  Direction  from   the   membership   of   the   Society,   to   report  on 
engineering   subjects. 

12. — All  Committees  shall  report  to  the  Board  of  Direction,  and  shall 
perform  their  duties  under  its  supervision. 
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ARTICLE  VII. — Nomination  and  Election  of  Officers. 

1. — The  Board  of  Direction  shall,  from  time  to  time,  divide  the  terri- 
tory occupied  by  the  membership  into  thirteen  geographical  districts, 
to  be  designated  by  numbers.  District  No.  1  shall  be  the  territory  within 
fifty  miles  of  the  Post  Office  in  the  City  of  New  York. 

Members  in  any  grade  who  do  not  reside  in  North  America  shall  be 
attached  to  District  No.  1,  for  the  purpose  of  voting  for  and  being  rep- 
resented by  the  officers  elected  from  that  District,  but  shall  not  be  other- 
wise considered  as  Residents.     They  shall  pay  Non-Resident  dues. 

Each  of  the  other  districts  shall  be,  as  nearly  as  practicable,  con- 
tiguous territory,  and  shall  be  designated  as  Districts  Nos.  2,  3,  4,  5,  6, 
7,  8,  9,  10,  11,  12,  and  13.  The  Board  shall  announce  such  division  to 
the  Society  on  or  before  the  first  day  of  March  in  each  year. 

2. — Seven  Corporate  Members,  not  officers  of  the  Society,  shall  be 
elected  each  year  to  serve  for  the  next  two  years  on  the  Nominating 
Committee.  They  shall  be  selected  so  as  to  provide,  with  the  seven 
members  holding  over,  two  members  from  District  No.  1,  and  one  from 
each  of  the  remaining  twelve  districts;  and  these  with  the  latest  five 
Past-Presidents  of  the  Society,  who  continue  to  be  members,  shall  be 
a  committee  to  nominate  officers  for  the  Societj'. 

The  Board  of  Direction  shall  prescribe  the  mode  of  procedure  for  the 
election  of  this  committee,  and  fill  any  vacancies  which  may  occur. 

This  Committee  shall  meet  at  the  Annual  Convention  of  the  Society, 
or  at  a  time  and  place  to  be  agreed  upon  by  a  majority  of  its  members, 
but  said  meeting  shall  not  be  later  than  the  fifteenth  day  of  July.  At 
this  meeting  this  committee  shall  elect  from  among  its  members  a  Chair- 
man and  a  Secretary  to  serve  for  one  year  beginning  on  the  first  day  of 
the  following  September.  At  all  meetings  of  the  committee  eight  mem- 
bers shall  constitute  a  quorum.  If  at  any  stated  or  called  meeting  of 
the  committee  there  shall  not  be  a  quorum  present,  then  such  members 
as  are  present  shall  call  an  adjourned  meeting  for  the  transaction  of 
the  committee's  business.  This  Committee  shall  select  nominees  to  fill 
the  offices  named  in  Article  V,  with  the  exception  of  the  office  of  Secre- 
tary, so  as  to  provide,  with  the  officers  holding  over,  a  Vice-President 
and  six  Directors,  residing  in  District  No.  1,  and  twelve  Directors  divided 
equally,  with  regard  to  number  and  residence,  among  the  remaining 
districts,  Nos.  2,  3,  4,  5,  6,  7,  8,  9.  10,  11,  12,  and  13.  A  nominee 
or  officer  shall  continue  to  represent  the  district  from  which  nominated 
or  elected,  although  residence  may  be  changed  to  another  district. 
Nominations  under  this  Section  shall  be  designated  as  "Official  Nomina- 
tions." 

A  list  of  nominees  selected  for  the  offices  to  be  filled  at  the  next 
Annual  Election  shall  be  presented  by  this  committee  to  the  Board  of 
Direction  not  later  than  the  first  day  of  August,  and  the  Secretary  shall 
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thereupon  notify  immediately  the  nominees  of  their  nomination  and 
ascertain  their  acceptance  or  declination,  and  shall  notify  at  once  each 
member   of   the   Board   of   the   result. 

3. — Before  the  fifteenth  day  of  October  the  aforesaid  list  of  nominees 
shall  be  mailed  to  every  Corporate  Member  whose  address  is  known, 
provided  that  if  any  person  is  found  to  be  ineligible,  or  should  a  nominee 
decline,  the  names  of  such  nominees  shall  not  be  sent  out,  but  the  Board 
shall  substitute  anotlier  name  therefor  by  ballot,  and  further  provided 
that  in  the  event  that  the  Nominating  Committee  fails  to  select  a  nominee 
for  any  office  as  above  stipulated,  the  Board  shall  select  a  nominee 
therefor.  The  Board,  in  like  manner,  shall  also  fill  any  vacancies  that 
may  occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent 
out.  The  Secretary  shall  notify  immediately  each  member  of  the  Board 
of  any  vacancy  occurring  in  the  list  of  nominees. 

4. — Additional  nominations  for  any  office  may  be  made  by  declara- 
tion. In  the  case  of  an  additional  nomination  for  any  General  Office, 
such  nomination  must  be  signed  by  at  least  twenty-five  Corporate  Mem- 
bers. In  the  case  of  an  additional  nomination  for  any  Office  representing 
any  District,  the  nomination  must  be  signed  by  at  least  twenty-five  Cor- 
porate Members  residing  in  that  District.  All  nominations  by  declara- 
tion shall  be  accompanied  by  the  written  acceptance  of  the  nominee  and 
filed  with  the  Board  of  Direction  before  the  first  day  of  December. 

5. — At  least  thirty  days  before  the  Annual  Meeting  there  shall  be 
mailed  to  every  Corporate  Member  a  list  which  shall  include  the  names 
and  residences  of  all  persons  nominated  in  accordance  with  this  Article, 
their  grades  of  membership,  and,  in  the  case  of  nominees  for  Directors, 
the  number  of  the  District  in  which  they  reside.  Nominations  by  dec- 
laration shall  be  distinguished  from  Official  Nominations  by  distinctive 
marks  prescribed  by  the  Board  of  Direction. 

Accompanying  such  list  letter-ballots  shall  be  forwarded.  The  form 
of  such  letter-ballots  shall  be  prescribed  by  the  Board  of  Direction.  They 
shall  be  so  arranged  that  the  entire  Corporate  Membership  may  vote 
for  all  General  Officers,  but  that  representatives  of  any  District  shall 
be  voted  for  only  by  the  Corporate  Members  residing  in  that  District. 

Voters  may  strike  out  the  name  of  any  nominee  printed  in  the  ballot 
for  whom  they  do  not  wish  to  vote,  and  may  substitute  therefor,  in 
writing  or  by  paster,  the  name  of  any  other  person  for  whom  they  wish 
to  vote. 

6. — Ballots  may  be  sent  by  mail  to  the  Secretary,  or  may  be  pre- 
sented to  him  at  the  Society  Headquarters.  They  should  be  enclosed  in 
two  sealed  envelopes,  and  the  outer  envelope  shall  be  endorsed  by  the 
voter's  signature. 

The  Secretary  shall  make  a  list  of  the  voters  from  whom  ballots 
are   received,   which    list   shall   be   open    to   inspection   by   all    Corporate 
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Members.     A  voter  may  withdraw  his  ballot,  and  may  substitute  another, 
at  any  time  before  the  polls  close. 

7. — The  polls  shall  be  closed  at  9  a.  m.  on  the  first  day  of  the  Annual 
Meeting,  and  the  ballots  shall  be  cllnvassed  publicly  by  tellers  appointed 
by  the  President. 

The  persons  who  receive  the  greatest  number  of  votes  for  each  office 
to  be  filled  shall  be  declared  elected.  In  case  of  a  tie  between  two  or 
more  persons  for  the  same  office,  the  Annual  Meeting  shall  elect  the 
officer  from  among  the   persons  so  tied. 

The  presiding  officer  shall  announce  to  the  meeting  the  names  of  the 
officers  elected. 

ARTICLE  VIII.— Meetings. 

1. — During  each  year  at  least  two  General  Meetings  of  the  Society 
shall  be  held,  as  follows: 

The  Annual  Meeting  shall  be  held  in  New  York  City  on  the  third 
Wednesday  in  January.  At  this  meeting  the  annual  reports  for  the 
previous  year  shall  be  presented,  ballots  for  officers  canvassed  and  results 
announced,  and  other  business  of  the  Society  transacted. 

The  Annual  Convention  shall  be  held  at  such  time  and  place  as  the 
Board  of  Direction  shall  determine. 

Other  General  Meetings  may  be  held  at  any  time  or  place  determined 
upon  by  the  Board  of  Direction. 

At  General  Meetings,  in  addition  to  the  transaction  of  business, 
professional  papers  may  be  presented  and  discussed,  and  opportunities 
for  social  intercourse  provided. 

2. — Regular  meetings  for  the  transaction  of  business  of  the  Society 
shall  be  held  in  New  York  City  on  the  first  Wednesday  of  each  month, 
except  July  and  August. 

3. — Special  meetings  for  the  transaction  of  business  may  be  called  by 
the  Board  of  Direction,  and  shall  be  so  called  upon  the  written  request 
of  thirty  or  more  Corporate  Members,  which  request  shall  state  the  pur- 
pose of  such  meetings.  Calls  for  such  meetings  shall  be  issued  not  less 
than  ten  days  in  advance  of  the  date  on  which  they  are  to  be  held,  and 
shall  state  the  purposes  thereof.  No  other  business  shall  be  taken  up 
at  such  meetings. 

4. — At  all  meetings  of  the  Society  at  which  business  is  transacted, 
thirty  Corporate  Members  shall  constitute  a  quorum. 

5. — In  addition  to  the  General  and  the  Business  meetings  herein  pro- 
vided, meetings,  for  the  reading  and  discussion  of  papers  only,  shall  be 
held  as  ordered  by  the  Board  of  Direction. 

6. — Meetings  of  the  Board  of  Direction  shall  be  held  at  the  time 
of  the  Annual  Meeting,  at  which  meeting  fifteen  members  shall  constitute 
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a   quorum,   and   at   such   other    times   as   the   Board   may    determine,   at 
which  meetings  five  members  shall  constitute  a  quorum. 

ARTICLE  IX.— Amendments. 

1. — Proposed  amendments  to  this  Constitution  must  be  reduced  to 
writing,  signed  by  thirty  or  more  Corporate  Members,  and  presented  to 
the  Society  at  a  Regular  Business  Meeting.  They  shall  be  submitted  to 
the   Corporate  Membership   and   acted  upon  as  follows: 

2. — Amendments  presented  not  less  than  sixty  days  previous  to  the 
date  of  a  General  Meeting  shall  be  referred  to  the  Board  of  Direction 
for  approval  or  revision  as  to  form  or  validity  only.  They  shall  then 
be  sent  by  letter  to  the  Corporate  Membership  not  less  than  twenty-five 
days  previous  to  said  General  Meeting  and  may  by  a  majority  vote  of 
the  Meeting  be  amended  in  any  manner  pertinent  to  the  original  form. 
They  shall  then  be  voted  upon  by  letter-ballot,  the  vote  to  be  counted 
at  the  second  Regular  Business  Meeting  subsequent  to  such  General 
Meeting. 

3. — An  affirmative  vote  of  two-thirds  of  all  ballots  cast  shall  be  requi- 
site to  the  adoption  of  any  amendment. 

4. — Amendments  so  adopted  shall  take  effect  thirty  days  after  their 
adoption,  provided  that  the  officers  of  the  Society  at  the  time  of  the 
adoption  of  any  amendment  shall  continue  in  office  until  the  expiration 
of  the  terms  for  which  they  were  elected. 

PROPOSED  BY-LAWS. 

Associations  of  Members. 

1. — Any  Subsidiary  Association,  Membership  in  which  shall  be  open 
to,  and  restricted  to,  membership  in  the  American  Society  of  Civil  Engi- 
neers in  all  its  grades,  may  be  formed  under  Article  1,  Section  5,  of  the 
Constitution. 

2. — Geographically,  such  Associations  may  be  limited  to  the  boun- 
daries of  a  Municipality,  County,  State  or  group  of  States,  when  author- 
ized by  the  Board  of  Direction  upon  receipt  of  the  written  request  of 
a  majority  of  the  total  membership  residing  within  the  territory  covered. 

The  Constitution  of  each  such  Association  of  Members  shall  be 
approved  by  the  Board  of  Direction. 

3. — No  Association  of  Members  shall  take  any  action  as  such,  which 
is  contrary  to  the  Constitution  of  the  American  Society  of  Civil  Engi- 
neers.    It  shall  not  participate  In  partisan  politics  in  any  way. 

4. — The  Board  of  Direction  of  the  Society  may  withdraw  its  approval 
of  any  such  Association  by  an  affirmative  vote  of  two-thirds  of  the  whole 
Board. 
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5. — Tlie  governing  body  of  any  such  Association  of  Members  shall  in 
no  case  be  called  a  "Board  of  Direction". 

6. — Student  branches,  consisting  of  students  in  engineering  schools, 
may  be  established  under  such  regulations  as  the  Board  may  prescribe. 

Elections  to  Membership. 

1. — Honorary  Members  shall  be  elected  in  the  following  manner.  The 
proposal  for  the  election  of  any  person  as  an  Honorary  Member  shall 
be  signed  by  at  least  ten  Corporate  Members  of  the  Society,  and  shall 
be  accompanied  by  a  statement  of  the  career  of  the  nominee. 

Honorary  Members  shall  be  elected  by  the  affirmative  vote  of  at 
least  four-fifths  of  the  entire  Board  of  Direction. 

2. — All  other  applications  for  admission  to  the  Society,  or  for  trans- 
fer from  one  grade  to  another,  shall  be  in  such  form  as  may  be  prescribed 
from  time  to  time  by  the  Board  of  Direction.  They  shall  be  signed  by 
the  applicant,  and  shall  contain  a  promise  to  conform  to  the  require- 
ments of  the  Constitution  of  the  Society  if  elected.  Each  applicant 
shall  furnish  the  names  of  at  least  five  Corporate  Members  to  whom  he 
is  personally  known;  each  of  these  shall  be  requested  by  the  Secretary 
to  give  to  the  Board  of  Direction,  on  a  form  prescribed  for  the  purpose, 
the  extent  of  the  writer's  personal  knowledge  of  the  applicant,  and  of 
his  professional  work.  If  at  least  five  of  the  Corporate  Members  named 
as  references  do  not  furnish  the  requisite  endorsement,  the  Secretary 
shall  call  upon  the  applicant  for  additional  references,  and  not  until 
written  communications  have  been  received  from  at  least  five  Corporate 
Members  shall  thfe  application  be  considered  by  the  Board. 

Applications  from  engineers  not  resident  in  North  America,  and  who 
may  be  so  situated  as  not  to  be  personally  known  to  five  Corporate 
Members,  may  be  acted  upon  by  the  Board  of  Direction  after  it  has 
secured  evidence,  sufficient  in  its  opinion,  to  warrant  it  in  so  acting. 

3. — The  Board  of  Direction  shall  issue  from  time  to  time  to  the 
«ntire  membership  of  the  Society  a  list  of  all  applications  for  admis- 
sion or  for  transfer,  containing  a  concise  statement  of  the  record  of  each 
applicant,  with  a  request  that  members  transmit  to  the  Board  any 
information  they  may  have  which  will  aid  in  the  consideration  of  the 
applications.  Not  less  than  twenty  days  after  the  issue  of  sucli  list, 
the  Board  of  Direction  shall  consider  the  applications  so  issued,  shall 
classify  the  applicant,  and  shall  vote  upon  admission  or  transfer  by 
letter-ballot. 

4. — At  least  twenty-five  ballots,  of  which  at  least  twenty  shall  be 
in  the  affirmative,  shall  be  necessary  for  election  or  for  transfer.  In 
case  any  candidate  fails  of  election,  or  of  transfer,  no  notice  of  such 
failure  shall  be  entered  in  the  minutes,  but  the  applicant  shall  be  notified. 
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A  rejected  applicant  may  file  another  application  at  any  time  after 
the  expiration  of  one  year  from  the  date  of  rejection. 

5. — All  persons  elected  shall  be  notified  promptly  and  shall  subscribe 
to  the  Constitution  of  the  Society  upon  a  form  prescribed  by  the  Board 
of  Direction  and  shall  pay  the  entrance  fee  and  current  dues  prescribed 
in  Article  IV,  Sections  1,  2,  3,  4,  5,  and  6.  If  these  provisions  are  not 
complied  with  within  six  months  from  the  date  of  notification  of  elec- 
tion, such  election  shall  be  void,  unless  the  time  be  extended  by  special 
action  of  the  Board  of  Direction. 

Membership  of  any  person  shall  date  from  the  date  of  election. 


Dues. 

1. — It  shall  be  the  duty  of  the  Secretary  to  notify  each  member  of 
the  amount  due  for  the  ensuing  year  at  the  time  of  giving  notice  of 
the   Annual   Meeting. 

2. — Any  person  whose  dues  are  more  than  three  months  in  arrears 
shall  be  notified  by  the  Secretary.  Should  the  dues  not  be  paid  when 
they  become  six  months  in  arrears,  the  right  to  vote  and  to  receive 
the  publications  of  the  Society  shall  be  forfeited.  Should  the  dues  become 
nine  months  in  arrears,  the  delinquent  shall  again  be  notified,  and  if 
such  dues  become  one  year  in  arrears,  connection  with  the  Society  shall 
cease.  The  Board  of  Direction,  however,  may,  for  cause  deemed  by  it 
sufficient,  extend  the  time  for  payment  and  for  the  application  of  these 
penalties. 

Discipline  and  Expulsion. 

1. — The  Board  of  Direction  may  investigate  any  professional  or  other 
action  of  any  person  connected  with  the  Society  which  may  be  brought 
to  its  attention,  and  if  it  deems  such  action  desirable  may  appoint  a 
special  committee,  either  from  its  own  members,  or  from  the  Member- 
ship of  the  Society,  to  investigate  the  case,  and  to  report  to  the  Board. 

2. — In  all  cases  the  accused  shall  be  informed  of  the  charge  made, 
and  shall  have  opportunity  for  defence.  The  Board  of  Direction  shall 
be  empowered  to  warn  the  accused  against  repetition  of  the  offence,  to 
suspend  from  membership  for  any  period,  or  to  expel,  but  such  action 
shall  only  be  taken  by  letter-ballot  of  the  whole  Board,  and  at  least 
twenty  affirmative  votes  shall  be  necessary  for  such  action. 

3. — In  any  case  whether  the  decision  of  the  Board  is  favorable  or 
unfavorable  to  the  accused,  its  final  action  shall  be  made  known  to  the 
entire  membership  of  the  Society. 
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Report  of  a  Committee,  appointed  by  the  Board  of  Direction,  on   the 
Relations  of  Local  Associations  of  the  American  Society   of 
Civil  Engineers  to  that  Society,  to  other  Engineering 
Organizations,  and  Engineers,  and  to  the  Public.  * 

The  Local  Associations  of  the  American  Society  of  Civil  Engineers 
are  in  many  cases  responding  to  a  sentiment  that  there  should  be 
more  co-operation  with  other  Engineering  Organizations,  more  influ- 
ence exerted  in  local  connnunities,  and  more  intimate  relations  estab- 
lished between  the  Society  and  its  non-resident  members.  With  this 
end  in  view,  the  plan  of  district  representation  was  approved  by  the 
conference  of  the  Presidents  of  fourteen  Associations  in  1915,  but, 
at  the  request  of  the  Secretary,  in  February,  for  an  expression  of 
opinion,  only  four  associations  responded,  and  only  one  of  these  advo- 
cated the  district  plan.  Your  Committee  has  considered  that  this 
matter  is  not  properly  within  its  field  of  enquiry.  All  the  Associations 
which  did  offer  suggestions,  however,  agreed  that  they  wanted  few 
restrictions  and  freedom  to  deal  with  local  affairs. 

Your  Committee  is  convinced  that  the  future  of  the  American 
Society  of  Civil  Engineers,  as  well  as  the  welfare  of  its  members, 
is  in  many  ways  dependent  on  the  success  of  its  Local  Associations, 
and  that  they  should  be  encouraged  to  widen  their  field  and  strengthen 
themselves  in  all  possible  ways.  Since  the  word  "Association"  is  more 
properly  applicable  to  a  local  organization  of  branches  or  sections 
of  the  National  Societies,  and  because  the  word  "Section"  more 
nearly  suggests  the  close  relation  to  the  Society  which  is  sought  to 
be  established,  and  besides  is  a  more  convenient  word,  the  Committee 
recommends  that  the  Local  Associations  be  known  as  "Sections"  of 
the  American  Society  of  Civil  Engineers. 

The  following  Rules  are  substantially  those  which  the  Board  of 
Direction  has  already  sanctioned.  The  paragraphs  under  the  heading 
"Policy"  express  the  Committee's  conclusions  as  to  the  conduct  of 
the  Associations  which  would  be  desirable,  and  which,  if  approved 
by  the  Board  of  Direction,  should  be  sent  to  all  the  Associations  as 
an  expression  of  its  views. 

Respectfully  submitted, 

Daniel  Bontecou, 
Hunter  McDonald, 
F.  G.  Jonah. 

Rules. 

Initiation. — A  Local  Section  may  be  authorized  by  the  Board  of 
Direction  at  the  written  request  of  fifteen  Corporate  Members  of  the 

*  This  report  was  presented  to  the  Board  of  Direction  at  its  meeting  of  April  17th, 
1917,  and  its  recommendations  were  adopted  and  ordered  printed  in  Proceedings^  and 
discussion  invited. 


328  SOCIETY  ITEMS  OF  INTEREST  [Society  Affairs. 

Society,  and  must  consist  of  at  least  twenty-five  members  of  all 
grades  residing  within  the  territory  covered. 

Constitution  and  By-Laws. — The  Constitution  and  By-Laws  of  a 
Local  Section  must  be  approved  by  the  Board  of  Direction.  The  Con- 
stitution shoiJd  state,  in  effect: 

First. — The  objects  to  be  attained  are  the  advancement  of  engi- 
neering knowledge  and  practice;  the  cultivation  of  friendly  relations 
with  all  engineers;  the  maintenance  of  high  professional  standards; 
and  co-operation  with  other  engineering  societies,  with  a  view  to 
promoting  the  general  welfare  of  the  American  Society  of  Civil  Engi- 
neers and  the  Engineering  Profession. 

Second. — Members  of  the  American  Society  of  Civil  Engineers, 
in  any  grade,  who  qualify  by  paying  dues  and  subscribing  to  the 
Constitution  and  By-laws  of  the  Section,  are  eligible  to  membership, 
without  payment  of  entrance  fee.  Any  member  of  a  Local  Section 
who  at  any  time  ceases  to  be  a  member  of  the  American  Society  of 
Civil  Engineers,  shall  at  the  same  time  cease  to  be  a  member  of  the 
Section. 

Third. — The  Constitution  may  only  be  amended  by  the  vote  of 
two-thirds  of  the  members  qualified  to  vote,  and  the  amendment 
must  have  first  received  the  approval  of  the  Board  of  Direction. 

Fourth. — The  remaining  Articles  of  the  Constitution,  any  By-laws, 
covering  matters  of  local  importance  only,  such  as  those  relating  to 
officers,  meetings,  dues,  etc.,  may  be  largely  determined  by  local  neces- 
sity and  preference;  but  they  should  include  a  statement  that,  among 
the  means  to  be  adopted  for  securing  the  objects  of  the  organization 
are:  Meetings,  to  promote  acquaintance  and  good  fellowship  between 
Engineers,^ and,  if  desired,  for  the  presentation  and  discussion  of  pro- 
fessional papers,  either  prepared  by  members  of  the  section  or  issued 
by  the  American  Society  of  Civil  Engineers;  Co-operation  with  other 
engineers,  as  individuals  or  as  constituent  bodies  of  local  organiza- 
tions ;  Participation  in  local  and  State  affairs,  and  exercise  of  influence 
in  properly  solving  Public  Engineering  Problems. 

Policy. 

Relations  of  Local  Sections 
to  the  American  Society  of  Civil  Engineers. 

Reports. — Local  Sections  should  transmit  promptly  to  the  Secre- 
tary of  the  American  Society  of  Civil  Engineers  an  abstract  of  such 
proceedings  of  their  meetings  as  may  be  deemed  of  general  interest, 
including,  when  practicable,  discussions  of  engineering  subjects  and 
reports  in  full.  These  may  be  printed,  after  editing,  in  the  Proceedings 
of  the  Society. 
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New  Members. — Local  Sections  should  seek  in  all  proper  ways  to 
increase  the  membership  of  the  American  Society  of  Civil  Engineers 
and  to  advance  its  prestige  and  influence.  They  should  investigate 
carefully  the  qualifications  of  any  candidate  for  admission  to  the 
Society,  about  whom  the  Board  of  Direction  desires  information,  and 
make  an  official  report  at  the  request  of  the  Secretary  of  the  Society. 

Restriction  in  Activity. — Local  Sections  should  refrain  from  all 
action  on  matters  of  a  National  character,  or  which  might  possibly 
affect  the  general  interests  of  the  Profession,  without  the  approval 
of  the  Board  of  Direction,  and  should  report  to  the  Secretary  any 
local  matter  which  might  affect  or  interest  the  Society  or  Profession 
at  large. 

Ethics. — Local  Sections  should  insist  on  the  observance  of  the 
Code  of  Ethics  adopted  by  the  x^merican  Society  of  Civil  Engineers, 
and  support  the  Society  in  matters  relating  to  it.  Charges  made  by 
any  member  of  the  Society  that  a  member  of  the  Section  has  violated 
this  code  should  be  promptly  investigated  by  a  committee  of  the 
Section,  and  its  findings  officially  reported  to  the  Board  of  Direction. 

Grievances. — Local  Sections  should  endeavor  to  protect  the  profes- 
sional reputation  of  their  members  by  investigating  and  publishing 
the  facts  of  any  case  in  which  their  integrity  or  competency  appears 
to  have  been  unfairly  or  maliciously  misrepresented,  and  should  report 
the  circumstances  and  the  action  taken  to  the  Board  of  Direction. 

Relations  of  Local  Sections 

to  Sections  of  other  National  Societies,  to  Local  Engineering  Clubs, 

and  to  All  Engineers. 

Co-operation. — Local  Sections  should  adopt  a  broad  view  of  their 
relations  to  the  Engineering  Profession,  and  recognize  the  advantage 
and  necessity  of  co-operation  with  other  engineering  organizations  in 
all  ways  that  may  strengthen  the  position  of  engineers,  develop  social 
relations  among  them,  or  tend  to  establish  correct  principles  and 
practice. 

Local  Societies. — Local  Sections  should  affiliate  with  existing  Engi- 
neering Societies,  and,  where  none  exist,  and  the  conditions  are  favor- 
able, they  should  encourage  their  formation.  All  engineers  should  be 
considered  as  eligible  for  membership  in  such  Societies,  but  only 
those  whose  attainments  correspond  at  least  to  the  requirements  for 
Associate  Membership  in  the  American  Society  of  Civil  Engineers 
should  have  a  vote.  It  is  desirable  that  not-  more  than  20%  of  the 
membership  of  these  Societies  should  be  admitted  as  associates,  who, 
although  not  engineers,  have  interests  in  common  with  them.  Members 
of  a  Section  of  the  American  Society  of  Civil  Engineers  should  vote 
in  such  Societies  only  as  individuals,  and  not  as  a  body. 
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Engineers. — The  Local  Sections  should  endeavor  to  promote  friend- 
ship among  engineers,  regardless  of  their  connection  with  any  Society, 
and  to  extend  to  them  professional  support.  They  should  oppose  any 
tendency  among  engineers  to  pay  inadequate  compensation  to  engi- 
neers whom  they  employ,  on  account  of  the  experience  to  be  gained 
by  the  employment,  and  should  discourage  in  all  proper  ways  persons 
who  assume  the  functions  of  engineers  without  possessing  their  recog- 
nized qualifications. 

Relations  of  Local  Sections  to  the  Public. 

Education. — Local  Sections  should  accept  the  responsibility  of 
educating  the  public  to  a  proper  appreciation  of  the  services  of  engi- 
neers in  all  business  which  involves   their  experience  and  knowledge. 

Public  Affairs. — Local  Sections  should  volunteer  judicious  and  care- 
fully considered  advice  on  public  matters  involving  engineering  ques- 
tions, but  this  advice  must  be  above  any  suspicion  of  connection 
with  personal  advantage.  It  is  undesirable  that  there  should  be  any 
encroachment  on  the  practice  of  individual  engineers  or  participation 
in  personal  or  partisan  politics,  and  it  is  of  the  highest  importance 
to  the  Profession  that  engineers  should  realize  and  accept  their  duties 
as  citizens  of  the  community  in  which  they  live. 

State  Affairs. — Local  Sections  need  not  be  confined  to  State  lines, 
but  they  should  endeavor  to  arrange  some  organization  of  the  engineers 
of  the  States  within  their  territory,  for  the  purpose  of  exerting  influence 
in  the  legislation  of  the  State  and  the  administration  of  its  affairs 
wherever  engineering  principles  or  practices  are  involved. 

Report  of  Committee  on  Employment  Bureau 

"April  13,  1917. 
"To  THE  Board  of  Direction, 

American  Society  of  Civil  Engineers. 

"Gentlemen: — Your  Committee,  appointed  in  July,  1916,  to  con- 
sider and  report  upon  the  question  of  the  desirability  of  the  establish- 
ment of  some  form  of  an  employment  bureau,  in  connection  v/ith  the 
activities  of  the  Society,  explains  its  delay  in  reporting  as  due  to  the 
difficulty  in  securing  a  meeting  at  which  all  the  members  could  be 
present,  but,  having  at  last  been  able  to  hold  such  a  meeting,  desires 
to  report  as  follows : 

"First. — Replies  to  inquiries  addressed  to  many  engineering  soci- 
eties and  to  individual  engineers,  especially  to  our  younger  members, 
also  the  discussion  that  took  place  at  the  Annual  Meeting  last  January, 
and  the  recent  formation  of  various  organizations  of  engineers  with 
the  avowed  object  of  securing  employment,  all  indicate  a  wide-spread 
demand  for  action  by  the  societies  in  this  matter.  It  is  further 
believed  that  there  is  in  existence  a  general  feeling  that  our  Society 
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should,   in  the  future,  give  systematic  study  to  the  practical   matter 
of  employment. 

''Second. — Should  the  American  Society  of  Civil  Engineers  deem 
it  wise  to  establish  some  form  of  employment  clearing  house,  it  would 
innnediately  follow  that  similar  action  by  the  other  engineering  socie- 
ties would,  for  the  same  reason,  be  equally  advisable,  thus  rendering 
desirable  a  joint  action  which  would  increase  the  scope  of  the  under- 
taking and  tend  toward  economy  in  its  management. 

"Third. — If  a  co-operative  engineering  employment  agency  were 
to  be  formed,  it  could  probably  best  be  handled  by  a  separate  manage- 
ment and  have  separate  headquarters  from  those  now  maintained  by 
the  existing  societies,  being  supported  by  contributions  from  all 
societies  participating,  and  subject  to  their  control. 

"In  \'iew  of  the  foregoing,  it  is  recommended  that  your  present 
Committee  be  discharged  and  that,  to  inaugurate  the  movement,  its 
report  be  referred  either  to  a  joint  committee  to  be  formed  by  the 
four  founder  societies,  the  membership  of  which  should  perhaps  be 
composed  of  the  secretaries  of  those  societies,  or  to  the  Engineering 
Council,  the  participation  in  which  is  now  being  considered  by  your 
Board. 

"This  recommendation  is  made  with  the  hope  that  early  co-opera- 
tive action  with  the  other  societies  may  result  in  the  outline  at  the 
next  Annual  Convention  of  a  joint  action  that  will  inure  to  the  imme- 
diate personal  benefit  of  a  large  portion  of  the  Society's  membership, 
as  well  as  to  the  ultimate  increase  of  the  Society's  usefulness  to  the 
profession  at  large. 

"All  of  which  is  respectfully  submitted. 

"F.    H.    Newell,    Chairman, 
"H.  S.  Crocker, 
"E.  N.  Layfield." 

Resolutions  Relating  to  Universal  Military  Training  and  Service 

The  following  resolutions  were  unanimously  adopted  by  the  Board 
of  Direction  at  its  quarterly  meeting  of  April  18th,  1917 : 

"Whereas,  a  state  of  war,  between  our  Country  and  a  great  foreign 
power  now  exists,  and 

"Whereas,  all  previous  experience  of  our  own,  no  less  than  that  of 
other  nations,  has  demonstrated  the  danger,  as  well  as  insufficiency,  of 
relying  on  volunteer  armies  and  navies  for  the  national  defense;  be  it 

"Resolved:  That  Congress  be  petitioned  to  pass  at  once  a  bill  pro- 
viding for  universal  military  training  and  service,  which  we  hold  to 
be  the  only  proper,  democratic,  and  efficient  way  for  creating  the  public 
defense;  and 

"Be  it  further  resolved:  That  a  copy  of  these  resolutions  be  trans- 
mitted to  the  President  of  the  United  States  and  to  each  Senator  and 
Member  of  the  House  of  Representatives." 
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Contingent  Fees 

The  following  correspondence,  relating  to  the  question  of  contingent 
fees,  has  been  ordered  printed  by  the  Board  of  Direction  for  the  infor- 
mation of  the  membership. 

"January  3d,  1917. 
"Mr.  Charles  "Warren  Hunt,  Secretary, 

"My  dear  Mr.  Hunt  :  A  case  has  arisen  in  our  practice  in  which 
the  claimants  in  a  law  suit  have  had  their  entire  possessions  wiped 
off  the  earth  by  the  failure  of  a  dam  above  their  farms  and  orchards. 
They  come  to  us  and  say,  'All  our  worldly  possessions  have  been 
lost  to  us,  and  we  want  you  to  testify  as  to  the  design  and  construc- 
tion of  the  dam  whose  failure  caused  our  loss.  We  can  pay  you 
only  a  small  retainer  in  cash,  and  will  pay  the  remainder  of  your 
charges  by  giving  you  a  small  percentage  of  the  award  if  we  get  a 
verdict  in  our  favor.  If  the  verdict  is  against  us  we  cannot  pay  you 
anything  more.' 

"I  know  that  engineers  frequently  take  pay  for  their  services  as 
a  percentage  on  the  cost  of  a  piece  of  work,  and  the  engineer  is 
trusted  to  keep  the  cost  of  the  work  as  low  as  possible  for  his  client, 
although  it  would  be  to  his  interest  to  make  it  as  high  as  possible. 

"Is  this  an  analogous  case,  or  would  not  an  engineer  in  this  case 
seem  to  be  tempted  to  become  a  special  advocate? 

"It  seems  perfectly  proper  for  a  lawyer  to  accept  a  contingent  fee, 
but  whether  it  is  so  for  an  engineer  is  the  question  on  which  I  should 
like  to  have  your  views.  As  all  the  members  of  our  firm  are  members 
of  the  American  Society  of  Civil  Engineers,  we  believe  that  you 
will  kindly  favor  us  with  your  opinion  on  the  subject.  If  you  are  in 
doubt  yourself  you  may  be  able  to  lay  the  matter  before  one  or  two 
of  the  eminent  engineers  who  call  at  your  office  from  time  to  time. 

"With  kind  regards,  I  am 

"Yours  sincerely, 

"J.   H.    QUINTON." 

The  Board  of  Direction  referred  the  matter  to  Clemens  Herechel, 
Past-President,  Am.  Soc.  C.  E.,  and  the  following  is  his  report: 

"New  York,  N.  Y.,  January  22d,  191Y. 
"To  THE  Board  of  Direction, 

"Gentlemen  : — On  the  letter  referred  to  me  for  report,  from  Messrs. 
Quinton,  Code  and  Hill,  of  Los  Angeles,  Cal.,  of  January  3,  1917,  I 
have  to  say: 

"Lawyers  in  good  standing,  and  jealous  to  maintain  their  good 
name,  do  not,  as  I  understand  it  (but  as  stated  in  this  letter),  con- 
sider it  'perfectly  proper  to  accept  a  contingent  fee',  in  the  ordinary 
course  of  their  practice;  still  less  to  make  agreements  involving  such 
acceptance. 

"They  occasionally  accept  such  fees,  on  possibly  a  tacit  under- 
standing that  such  reward  will  be  offered  them,  in  the  case  of  poor 
people,  palpably  injured  in  their  rights  or  body,  who  without  aid  of 
this  nature  would  be  obliged  to  suft'er  without  remedy. 
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''The  letter  on  which  a  report  is  asked  may  be  viewed  specifically; 
or  as  it  raises  a  general  question. 

"Specifically,  the  answer  should  be,  in  my  opinion,  that  the  Code 
of  Ethics  deals  with  the  question  asked,  in  paragraph  numbered  1, 
and  parties  should  govern  themselves  accordingly. 

"To  the  Board,  I  will  expatiate  on  this  proposed  reply,  by  pointing 
out,  that  an  expert  witness  is  frequently  asked  on  cross-examination 
to  state  what  pay  he  is  getting.  His  influence  with  a  jury  and  very 
likely  also  with  any  tribunal,  would  presumably  be  injured  or  gone, 
if  he  testified  that  a  contingent  fee  had  been  stipulated.  And  para- 
graph 1,  just  referred  to,  declares  that  it  is  incumbent  on  members  not 
'to  accept  any  remuneration  other  than  his  stated  charges'. 

"Passing  to  the  general  question  or  questions  raised  by  the  letter 
reviewed,  it  is  evident  that  the  whole  broad  question  of  the  employ- 
ment of  expert  witnesses,  as  witnesses,  is  brought  into  consideration. 

"As  the  undersigned  wrote  at  length  on  this  subject  in  an  essay 
printed  by  the  Boston  Bar  Association,  more  than  30  years  ago,  he 
will  content  himself  with  saying,  that  all  students  of  the  subject  are 
agreed  that  instead  of  expert  witnesses,  there  should,  in  trials  of  the 
kind  considered,  be  expert  assistants  to  the  presiding  judge;  as  is  the 
case  in  all  countries  of  the  earth,  so  far  as  he  knows,  except  Great 
Britain  and  the  United  States  of  America. 

"In  the  last  named,  the  expert  witness  mode  of  making  use  of 
the  services  of  experts  in  the  conduct  of  judicial  inquiries  was  begun 
in  1782,  by  the  appearance  on  the  witness  stand  (to  give  thence  an 
opinion,  not  a  statement  of  fact),  of  John  Smeaton,  the  man  who  first 
in  English  speaking  countries  called  himself  a  Civil  Engineer,  the 
builder  of  the  noted  Eddystone  Lighthouse  (see  the  leading  case  of 
Folkes  vs.  Chadd)  ;  and  has  been  going  from  bad  to  worse,  ever  since. 

"All  of  which  is  respectfully  submitted. 

"Clemens  Herschel." 

"January  31,  1917. 
"Mr.  Chas.  Warren  Hunt,  Secy. 

"Mr.  dear  Mr.  Hunt:  I  have  received  both  your  letters  on  the 
subject  of  ethics.  Mr.  Herschel's  letter,  of  which  you  kindly  sent  me 
a  copy,  is  quite  enlightening  on  the  subject,  and  we  will  govern 
ourselves  accordingly.  I  thank  you  very  much  for  having  brought  this 
matter  before  the  Society,  and  with  kind  regards,  I  remain, 

"Yours  very  truly, 

"J.  H.   QUINTON." 

Economy  In  the  Food  Resources  of  the  Country 

"Washington,  D.  C,  April  14,  1917. 
"To  Commercial  Organizations: 

"The  war  in  which  we  are  now  engaged  is  a  war  of  economic  re- 
sources. It  is  absolutely  essential  to  the  successful  prosecution  of 
the  war  that  every  one  make  his  or  her  contribution  to  the  economic 
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welfare  of  the  country.  The  production  of  food  is  a  vital  and  present 
duty  resting  on  every  man  and  woman  who  can  help  it  along.  Without 
food  workmen  can  not  work,  nor  can  armies  fight. 

"The  food  supply  of  the  country  must  be  increased,  and  I  urge 
upon  you  to  co-operate  in  every  way  with  the  Department  of  Agri- 
culture in  its  carapaign  to  increase  the  crops  of  the  country.  Will 
you .  not  take  this  subject  up  at  once  with  the  membership  of  your 
association,  pointing  out  to  them  the  needs  of  the  situation  and  urge 
immediate  action?  I  suggest  that  every  organization  should  have  a 
committee  on  the  production  of  foodstuffs  and  that  the  assistance 
of  women's  organizations  be  enlisted  in  ttte  campaign. 

"I  need  not  point  out  that  the  planting  season  is  at  hand,  and  that 
any  action  to  be  effective  must  be  taken  at  the  earliest  possible 
moment.  In  the  United  States,  as  in  the  warring  countries  of  Europe, 
the  effects  of  this  struggle  will  be  felt  by  every  one,  and  economic 
preparedness  will  greatly  lessen  the  burden  that  we  must  carry. 

"Very  truly  yours, 

"William  C.  Redfield, 

"Secretary." 


Proposed  Bill  for  the  Licensing  of  Engineers 
Before  the  State  Legislature  of  California 

The  San  Diego  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  has  recently  taken  action  with  reference  to  a  Bill, 
relative  to  the  licensing  of  architects,  introduced  in  the  State  Legisla- 
ture of  California.  A  copy  of  the  bill,  and  the  resolution  unanimously 
adopted  by  the  Association  are  printed  herewith. 

AN  ACT  Providing  for  public  safety  in  buildings  within  the  State 
OF  California  by  regulating  the  construction,  alteration  and 
repair  of  same,  and  to  provide  penalties  for  the  violation 
thereof. 

The  people  of  the  State  of  California  do  enact  as  follows: 

Section  1.  Within  sixty  days  from  and  after  the  passage  of  this 
act,  the  governor  of  the  state  shall  appoint  a  board  of  seven  members, 
which  board  shall  be  known  as  the  state  board  of  architecture.  Until 
the  appointment  and  qualification  of  a  majority  of  the  board  herein 
provided  the  state  board  of  architecture  as  organized  under  "An  act 
to  regulate  the  practice  of  architecture,  chapter  two  hundred  twelve, 
approved  March  23,  1901,  and  approved  March  26,  1903,"  shall  consti- 
tute the  said  board.  It  shall  be  the  duty  of  the  state  board  of  archi- 
tecture to  enforce  all  provisions  of  this  act. 

The  membership  of  this  board  shall  be  composed  as  follows :  All 
members  shall  be  residents  of  the  State  of  California;   one  member 
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shall  hold  at  least  a  bachelor's  degree  in  civil  engineering  from  a  recog- 
nized school  of  engineering,  college  or  imiversity,  and  shall  have  been 
engaged  in  continuous  practice  or  teaching  of  the  profession  of  civil 
engineering  for  a  period  of  not  less  than  ten  years;  six  members  shall 
hold  certificates  to  practice  architecture  in  the  State  of  California. 
Three  of  the  members  holding  certificates  to  practice  architecture  shall 
be  residents  of  that  portion  of  the  state  north  of  the  northerly  line  of 
the  county  of  San  Luis  Obispo,  the  county  of  Kern  and  the  county  of 
San  Bernardino,  hereinafter  known  as  the  northern  district;  three 
members  holding  certificates  to  practice  architecture  shall  be  residents 
of  that  portion  of  the  state  south  of  the  northerly  line  of  the  county  of 
San  Luis  Obispo,  county  of  Kern  and  the  county  of  San  Bernardino, 
hereinafter  known  as  the  southern  district. 

In  making  the  original  appointments  to  the  board,  the  term  of  office 
of  the  member  qualified  in  civil  engineering  shall  be  three  years.  The 
term  of  oflice  of  one  certificated  member  from  the  northern  district 
and  one  from  the  southern  district  shall  be  two  years  each.  The  term 
of  office  of  one  certificated  member  from  the  northern  district  and  one 
from  the  southern  district  shall  be  three  years  each.  The  term  of  office 
of  one  certificated  member  from  the  northern  district  and  one  from 
the  southern  district  shall  be  four  years  each.  After  the  original 
appointments  the  term  of  office  of  each  member  of  the  board  shall  be 
four  years,  or  until  a  successor  shall  have  been  duly  appointed  and 
shall  have  qualified.  Should  any  member  of  said  board  change  resi- 
dence from  one  district  to  the  other  during  his  term  of  office,  said 
office  shall  become  vacant.  The  governor  shall  have  power  to  remove 
from  office  any  member  of  the  board  for  neglect  of  duty  in  the  enforce- 
ment of  this  act,  or  for  any  cause  which  in  his  judgment  renders  such 
member  incompetent  to  serve  on  said  board.  In  the  event  of  any  vacancy 
occurring  in  the  membership  of  the  board,  in  any  manner  other  than  by 
expiration  of  the  term  herein  set  forth,  the  governor  shall  fill  said 
vacancy  by  an  appointment  for  the  unexpired  term.  All  members  of 
the  board,  before  entering  upon  the  discharge  of  the  duties  of  their 
offices  as  herein  set  forth,  shall  subscribe  to  -and  file  with  the  secretary 
of  state  the  constitutional  oath  of  office. 

Sec.  2.  The  board,  within  ninety  days  from  and  after  the  passage 
of  this  act,  shall  meet  and  elect  from  its  membership  a  president  and 
a  vice-president,  one  of  whom  shall  be  from  the  northern  district  and 
one  from  the  southern  district;  and  a  secretary,  and  an  assistant  sec- 
retary, one  of  whom  shall  be  from  the  northern  district  and  one  from 
the  southern  district,  who  shall  act  as  treasurer  and  assistant  treasurer 
respectively.  The  term  of  office  of  such  officers  shall  be  two  years  each ; 
the  president  shall  not  be  eligible  to  reelection,  and  shall  be  selected 
alternately  from  the  northern  and  the  southern  districts. 

The  board  shall  adopt  all  necessary  rules,  regulations  and  by-laws, 
not  inconsistent  with  this  act  and  the  constitution  and  laws  of  this 
state  or  of  the  United  States,  requisite  to  the  exercise  of  its  powers 
and  duties  as  in  this  act  provided.     The  board  shall  adopt  a  seal,  of 
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which  the  secretary  shall' have  the  care  and  custody.  The  secretary 
shall  keep  a  correct  record  of  the  proceedings  of  the  board,  of  fees 
received  and  moneys  disbursed,  which  record  shall  be  open  to  public 
examination  at  all  times.  Four  members  of  the  board  shall  constitute 
a  quorum  for  the  transaction  of  business. 

Regular  meetings  of  the  board  shall  be  held  on  the  last  Tuesday  in 
April  of  each  year  in  San  Francisco,  and  on  the  last  Tuesday  in 
October  of  each  year  in  Los  Angeles,  at  each  of  which  meetings  exami- 
nations of  applicants  for  "certificates  to  practice  architecture"  shall 
be  held.  Special  meetings  to  transact  any  business  that  may  come 
before  the  board  shall  be  called  by  the  president  within  thirty  days 
after  the  written  request  so  to  do  from  not  less  than  three  menabers  of 
said  board,  and  as  prescribed  in  the  by-laws  adopted  by  said  board. 

An  annual  report  of  the  work  and  proceedings  of  the  board,  embody- 
ing the  report  of  the  secretary  as  treasurer,  together  with  a  complete 
directory  giving  the  names  and  addresses  of  all  persons  who  hold  unre- 
voked ''certificates  to  practice  architecture"  in  the  State  of  California, 
shall  be  made  by  said  board  to  the  governor  of  the  state,  and  a  copy  of 
said  report  shall  be  mailed  to  each  person  who  holds  a  ''certificate  to 
practice  architecture"  in  the  State  of  California. 

Seo.  3.  Each  member  of  the  board  shall  serve  without  compensa- 
tion for  his  services,  but  the  board  may  incur  such  expenses  as  it  shall 
deem  to  be  necessary  in  the  enforcement  of  this  act,  and  the  members 
of  the  board  shall  be  reimbursed  for  the  expenses  incurred  by  them 
in  the  performance  of  their  duties  under  this  act.  Exjjenses  of  the 
board  shall  be  paid  out  of  the  fees  collected  and  retained  by  the  board, 
as  in  this  act  provided.  At  the  end  of  each  fiscal  year  any  excess  of 
fees  received  over  moneys  disbursed,  after  a  working  cash  balance  of 
one  thousand  five  hundred  dollars  has  been  retained,  shall  be  paid  by 
the  board  to  the  state  treasurer,  to  be  retained  by  the  state.  All  moneys 
and  assets  of  the  district  and  state  boards  of  architecture  existing  at 
the  time  of  the  passage  of  this  act  shall  become  the  property  of  the 
state  board  of  architecture  as  organized  under  this  act,  and  the  sec- 
retary of  each  existing  board  shall  turn  such  assets  over  to  the  sec- 
retary of  the  new  board,  together  with  a  complete  report  and  account- 
ing of  all  such  moneys  and  other  assets. 

Sec.  4.  For  the  purpose  of  this  act,  unless  it  should  be  apparent 
from  their  context  that  they  have  a  diiferent  meaning,  words  used  in 
the  singular  include  the  plural,  and  the  plural,  the  singular;  words 
used  in  the  present  tense  include  the  future;  words  used  in  the  mas- 
cvJine  gender  include  the  feminine,  and  the  feminine,  the  masculine; 
and  "shall"  as  used  shall  be  deemed  to  be  mandatory.  "The  board" 
shall  be  deemed  to  be  the  state  board  of  architecture  as  organized 
under  this  act. 

Sec.  5.  It  shall  be  unlawful  for  any  person,  firm  or  corporation  to 
construct,  erect,  alter,  add  to,  repair  or  reconstruct  any  building,  or 
portion  thereof,  which  is,  or  is  designed  or  intended  to  be  occupied  in 
whole  or  in  part  by  human  beings  for  the  purposes  of  living,  sleeping 
or  assemblage,  for  manufacturing  or  repair,  whether  by  machinery  or 
hand,  for  the  sale  and  storage  of  goods  or  merchandise,  or  for  the  pur- 
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suit  oi  voc'iitioiis.  whenever  such  construction,  erection,  alteration, 
addition  to,  repair  or  reconstruction  involves  or  affects  the  stability, 
strength  or  safety  of  such  building,  unless  such  construction,  altera- 
tion, erection,  addition  to,  repair  or  reconstruction  shall  have  been 
designed,  specified  and  supervised  or  superintended  by  a  ])erson  who 
has  complied  with  all  the  requirements  of  this  act,  and  who  holds  a 
•'certificate  to  practice  architecture"  as  herein  provided,  or  by  a  person 
who  is  imder  the  direct  control  and  supervision  of  and  is  acting  for 
and  is  responsible  to  a  person  holding  the  "certificate  to  practice  archi- 
tecture" as  in  this  act  provided;  provided,  however,  that  nothing  in 
this  section  shall  make  it  unlawful  for  any  person  to  construct,  erect, 
alter,  add  to,  repair  or  reconstruct  any  such  building  or  portion  thereof 
which  is,  or  is  designed  or  intended  to  be  occupied  or  used  as  a  home 
by  not  more  than  one  family  for  living  and  sleeping  purposes. 

It  shall  be  unlawful  for  any  person,  firm  or  corporation,  or  for  any 
person  who  is  in  any  manner  connected  with  such  firm  or  corporation, 
either  directly  or  indirectly,  to  use  or  attempt  to  use  any  fraudulent 
methods  or  evidence  to  obtain  an  examination  required  by  this  act;  to 
use,  obtain,  or  offer  or  attempt  to  use  or  obtain  a  certificate  required 
by  this  act  in  a  fraudulent  manner;  to  use  or  attempt  to  use  any  cer- 
tificate, license,  registration  or  similar  paper  or  document,  whether 
genuine  or  false,  in  any  manner  for  the  purposes  set  forth  in  this  act, 
except  for  the  certificate  as  provided  for  in  this  act ;  or  to  use  or  main- 
tain or  attempt  to  use  or  maintain  in  any  sign  or  advertisement,  or  in 
stamping,  signing,  or  labeling  drawings,  specifications,  contracts,  cor- 
respondence, or  advertising  of  any  character,  the  words  "architect"  or 
''architects,"  or  any  abbreviation  of  same,  or  any  combination  of  words, 
or  device  of  which  such  word  forms  a  part,  with  the  object  or  result, 
either  intentional  or  unintentional  of  designating  such  person,  firm  or 
corporation  as  ''architect"  or  "architects"  and  qualified  to  perform  the 
lawful  functions  of  a  person  who  holds  a  "certificate  to  practice  archi- 
tecture" under  this  act. 

Any  person,  firm  or  corporation,  violating  any  of  the  provisions  of 
this  section  of  this  act  set  forth  shall  be  deemed  guilty  of  a  misde- 
meanor, and  upon  conviction  thereof  shall  be  punished  by  a  fine  not 
less  than  fifty  dollars  and  not  exceeding  five  hundred  dollars,  or  by 
imprisonment  in  a  county  jail  not  exceeding  six  months,  or  by  both 
such  fine  and  imprisonment;  and  in  addition  to  the  penalty  therefor 
shall  be  liable  for  all  costs,  expense  and  disbursements  by  this  act  pro- 
vided, which  costs,  expense  and  disbursements  shall  be  fixed  by  the 
court  having  jurisdiction  of  the  matter. 

Sec.  6.  Any  person  who  has  given  to  the  board  satisfactory  proof 
that  he  is  not  less  than  twenty-one  years  of  age,  that  he  is  of  good 
moral  character,  and  that  for  a  period  of  not  less  than  five  years  he 
has  been  continuously  engaged  in  designing,  making  drawings  or  speci- 
fications, supervising  or  superintending  the  erection  of  buildings  (not 
to  exceed  one  of  the  five  years  may  have  been  spent  in  travel  for  the 
purpose  of  study  of  such  subjects),  either  as  a  practicing  architect  not 
within  the  State  of  California  or  in  the  employ  of  such  a  person  whose 
residence  is  not  within  said  state,  or  in  the  employ  of  a  person  or  per- 
sons holding  a  "certificate  to  practice  architecture"  within  the  State 
of  California,  shall  be  entitled  to  an  examination  for  a  ''certificate  to 
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practice  architecture"  before  and  by  said  board;  and  upon  payment 
by  such  person  to  the  board  of  a  fee  of  fifty  dollars,  such  fee  to  be 
retained  by  the  board,  the  board  shall  examine  such  person  at  its  next 
following  regular  examination  of  applicants  for  certificates. 

A  person  granted  the  examination  by  the  board  who  shall  fail  to 
pass  such  examination  to  the  satisfaction  of  the  board,  shall  not  be 
eligible  for  re-examination  for  a  period  of  at  least  six  months  after 
such  failure;  and  if  such  person  has  failed  to  pass  the  examination  in 
more  than  one-half  of  the  subjects  required  in  such  examination,  upon 
re-examination  such  person  slaall  pay  a  fee  of  fifty  dollars,  which  fee 
shall  be  retained  by  the  board.  If  such  person  has  failed  to  pass  the 
examination  in  less  than  one-half  of  the  subjects  required  in  such 
examination,  iipon  re-examination  such  person  shall  pay  a  fee  of 
twenty-five  dollars,  which  fee  shall  be  retained  by  the  board.  When- 
ever any  person  examined  by  the  board  shall  have  passed  such  examina- 
tion to  the  satisfaction  of  the  board,  or  whenever  any  person,  whose 
place  of  residence  and  principal  place  of  business  are  not  within  the 
State  of  California,  shall  have  had  issued  to  him  in  such  state  in  which 
he  resides  a  license  or  certificate  of  qualification  wherein,  in  the  judg- 
ment of  the  board,  the  qualifications  of  the  person  and  the  standard 
of  examination  for  such  license  or  certification  are  not  less  in  any  of 
'  their  requirements  than  those  prescribed  by  this  act,  and  whenever 
such  person  shall  have  paid  to  the  secretary  of  the  board  the  annual 
current  license  fee,  the  secretary  of  the  board  shall  issue  to  such  per- 
son a  certificate,  signed  by  the  president  and  secretary,  sealed  with  the 
seal  of  the  board  and  directed  to  the  secretary  of  state,  certifying  that 
the  person  therein  named  has  passed  an  examination  satisfactory  to  the 
board,  and  that  such  person  is  entitled  to  a  "certificate  to  practice 
architecture''  within  the  State  of  California,  in  accordance  with  the 
provisions  of  this  act. 

To  the  person  presenting  such  certificate  from  the  board,  and  upon 
payment  by  said  person  to  the  secretary  of  state  of  a  fee  of  ten  dollars, 
the  secretary  of  state  shall  at  once  issue  to  the  person  therein  named 
a  "certificate  to  practice  architecture"  in  this  state  in  accordance  with 
the  provisions  of  this  act,  which  certificate  shall  contain  the  full  name 
of  the  person,  his  birthplace  and  age,  the  date  of  the  issuance  of  the 
certificate,  and  shall  state  the  fact  of  his  having  passed  an  examination 
satisfactory  to  the  state  board  of  architecture,  and  the  date  of  such  ex- 
amination. The  secretary  of  the  board  shall  transmit  directly  to  the 
secretary  of  state  the  full  record  and  report  of  the  examination,  and  the 
secretary  of  state  shall  keep  same  on  file  in  his  office  as  public  records, 
together  with  a  proper  index  and  record  thereof.  All  certificates  here- 
tofore issued  by  the  state  board  of  architecture  under  the  provisions 
of  the  act  entitled  "An  act  to  regulate  the  practice  of  architecture, 
chapter  two  hundred  twelve,  approved  March  23,  1901,  and  approved 
March  26,  1903,"  shall  have  the  same  virtue,  force  and  effect  and  shall 
be  henceforth  subject  to  the  provisions  of  this  act. 

Sec.  7.  The  requirements  of  the  examination,  as  in  this  section 
provided  to  be  given  by  the  board  to  determine  the  qualifications  of 
the  person  for  "certificate  to  practice  architecture,"  are  hereby  fixed 
to  be  the  minimum  requirements  for  examination  by  the  board,  and 
such  requirements  may  be  increased  by  the  action  of  the  board,  but 
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shall  never  be  waived  by  the  board,  except  when  the  person  applying 
for  such  examination,  whose  place  of  residence  and  principal  place  of 
business  are  not  within  the  State  of  California,  and  where  in  such 
place  of  business  a  license  or  certificate  of  qualification  is  not  required 
by  law,  is  and  has  been  for  a  period  of  not  less  than  ten  years  previous 
to  said  time  of  application,  engaged  in  the  active  practice  of  archi- 
tecture, the  board,  upon  satisfactory  proof  of  ability  and  qualification 
of  said  applicant,  may  waive  the  written  examination  prescribed  by 
this  act.  The  applicant  shall  be  examined  by  the  board  as  to  the 
following : 

(a)  His  practical  experience,  its  extent  and  responsibility,  his  tech- 
nical knowledge  of  materials,  their  strength  and  use  in  practical  con- 
struction ;  and  his  ability  to  compute  mathematically  the  strength  and 
stresses  in  materials  and  structures,  and  to  design  a  building  or  struc- 
ture, or  any  portion  thereof,  so  as  to  insure  inherent  stability  and 
strength  in  all  its  parts,  and  to  meet  the  contingencies  and  problems 
of  construction  and  public  safety  that  arise  in  the  erection  of  buildings 
or  structures,  or  portions  thereof.  This  poi-tion  of  the  examination 
shall  be  in  writing,  supplemented  orally,  and  shall  be  comprehensive, 
in  order  to  insure  that  the  applicant  has  a  solid  theoretical  understand- 
ing and  a  working  knowledge  of  the  principles  and  mathematics  in- 
volved in  the  computing  of  all  stresses  and  strains  in  the  mechanics 
of  building  operations. 

(b)  His  theoretical  and  practical  knowledge  of  sanitation  as  ap- 
plied to  buildings,  and  his  ability  to  design  plumbing  systems  therein. 

(c)  His  knowledge  of  the  theory  and  design  of  heating  and  ven- 
tilating of  buildings,  and  his  practical  understanding  of  the  various 
systems  in  use. 

(d)  His  knowledge  of  architectural  history,  terms,  forms  and 
design. 

(e)  His  general  education,  together  with  his  character  and  fitness 
for  a  certificate. 

Sec.  8.  Every  person  to  whom  a  "certificate  to  practice  architec- 
ture" has  been  issued  in  accordance  with  the  provisions  of  this  act  shall 
have  a  seal,  the  impression  of  which  must  contain  the  name  of  the 
person  so  certificated,  his  place  of  business  and  the  words,  "certificated 
to  practice  architecture,"  or  if  such  person  is  doing  business  as  a  mem- 
ber of  a  firm  or  coi-poration,  the  firm  or  corporation  shall  have  a  firm 
or  corporate  seal,  the  impression  of  which  must  contain  the  separate 
name  of  each  of  the  persons  certificated,  followed  by  the  words  "cer- 
tificated to  practice  architecture,"  and  the  place  of  business  of  such 
firm  or  corporation.  Every  such  person,  firm  or  corporation  shall 
stamp  with  such  seal  every  drawing,  plan,  specification  and  contract 
prepared  by  said  person,  firm  or  corporation.  A  failure  to  so  do  shall 
be  sufficient  cause  for  the  revocation  and  cancellation  of  said  certificate 
as  in  this  section  provided. 

Every  person  to  whom  a  "certificate  to  practice  architecture"  has 
been  issued,  in  accordance  with  this  act.  shall  have  his  certificate 
recorded  in  the  office  of  the  county  recorder  in  the  county  in  this  state 
in  which  the  holder  thereof  resides;  shall  pay  to  the  recorder  the  same 
fee  therefor  as  is  charged  for  the  recording  of  deeds;  an"d  shall  notify 
the  secretary  of  the  board  in  writing  of  such  recording,  who  shall 
acknowledge  same  under  seal  of  the  board.     A  failure  to  have  his  cer- 


3-iO  SOCIETY  ITEMS  OF  INTEREST  [Society  Affairs. 

tificate  so  recorded  shall  be  deemed  sufficient  cause  for  revocation  and 
cancellation  of  such  certificate,  as  in  this  section  provided. 

Every  person  to  whom  a  "certificate  to  practice  architecture"'  has 
been  issued,  in  accordance  with  this  act,  shall  pay  an  annual  license 
fee  of  five  dollars  to  the  state  bo'ard  of  architecture,  such  fee  to  be 
retained  by  the  board.  Such  fee  shall  be  payable  in  advance  on  the 
first  Monday  in  January  of  each  year.  When  paid  the  secretary  of  the 
board  shall  issue  to  each  such  person  a  receipt  signed  by  the  president 
and  secretary  under  the  seal  of  the  board.  If  any  such  person  shall 
fail,  neglect  or  refuse  to  pay  such  annual  license  fee  on  or  before  the 
first  Monday  in  April  of  each  year,  said  fee  shall  be  delinquent,  and 
the  certificate  of  such  person  shall  thereupon  become  subject  to  revoca- 
tion and  cancellation. 

Each  "certificate  to  practice  architecture"  issued  in  accordance 
with  the  provisions  of  this  act  shall  remain  in  full  force  until  revoked 
and  canceled  for  cause,  as  provided  for  in  this  section.  A  "certificate 
to  practice  architecture"  may  be  revoked  and  canceled  for  failure  to 
stamp  contracts,  drawings,  plans  or  specifications;  for  stamping  or 
signing  such  contracts,  drawings,  plans  or  specifications  in  any  man- 
ner to  certify  to,  or  to  appear  to  certify  to,  any  such  contracts,  draw- 
ings, plans,  or  specifications,  when  any  of  these  were  not  made  by  him 
or  under  his  direct  supervision  as  in  this  act  provided ;  for  failure  to 
record ;  for  failure  to  pay  annual  license  fees ;  for  conviction  of  fraud, 
misdemeanor  under  this  act,  felony,  incompetency,  gross  carelessness 
or  dishonest  practice. 

It  shall  be  the  duty  of  the  state  board  of  architecture,  whenever 
charges  in  writing  have  been  filed  with  the  board  and  signed  with  the 
name  of  the  person  bringing  such  charges,  against  any  person  hold- 
ing a  "certificate  to  practice  architecture"  in  the  State  of  California, 
charging  such  person  with  any  of  the  causes  of  revocation  and  cancel- 
lation of  the  "certificate  to  practice  architecture,"  as  in  this  act  pro- 
vided, to  notify  such  person  in  writing  of  the  nature  of  the  charges, 
and  to  cite  him  to  appear  before  said  board  to  show  cause  why  such 
certificate  should  not  be  revoked  and  canceled.  Such  notification  and 
citation  shall  be  given  not  less  than  thirty  days  before  the  time  set  for 
the  hearing,  and  the  delivery  of  such  notice  and  citation  to  the  place 
of  business  or  last  known  address  of  such  person  shall  be  deemed  suffi- 
cient for  the  purpose  of  this  notification  and  citation.  Should  such 
person  so  cited  fail,  neglect  or  refuse  to  appear  at  the  time  set  by  the 
board  for  the  hearing,  this  shall  be  deemed  evidence  of  guilt,  and  the 
board  shall  thereupon  revoke  and  cancel  the  certificate  of  such  person. 
The  board  shall  investigate  fully  the  charges  against  such  person  at 
the  time  set  for  the  hearing,  and  the  person  charged  shall  be  given 
opportunity  to  be  heard  in  his  own  defense  or  to  be  represented  by 
counsel. 

After  such  hearing,  if,  in  the  judgment  of  not  less  than  three  mem- 
bers of  the  board,  the  charges  against  such  person  have  been  proven, 
the  secretary  of  the  board  shall  issue  to  the  secretary  of  state  a  cer- 
tificate revoking  the  "certificate  to  practice  architecture"  of  such  per- 
son, and  the.  secretary  of  state  shall  then  cancel  such  certificate. 

Upon  the  cancellation  of  such  certificate,  it  shall  be  the  duty  of 
the  secretary  of  the  board  to  give  notice  of  such  cancellation  to  the 
county  recorder  of  that  county  in  the  state  in  which  said  certificate 
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has  been  recorded,  whereupon  the  recordei-  shall  mark  the  certificate 
recorded  in  his  office  "canceled."  At  the  expiration  of  not  less  than 
six  months  after  said  cancellation,  the  person  whose  "certificate  to 
practice  architecture"  has  been  canceled  may  apply  to  the  board  for  a 
new  certificate,  and  the  board  may  grant  same  upon  the  payment  of 
every  fee  required  in  this  act  for  any  applicant  for  examination  (but 
shall  never  grant  such  certificate  when  the  same  has  been  revoked  for 
incompetency  or  gross  carelessness),  without  requiring  such  person 
to  pass  the  examination  prescribed  by  this  act. 

Sec.  9.  If  any  such  section,  subsection,  sentence,  clause  or  phrase 
of  this  act  is  for  any  reason  held  to  be  unconstitutional,  such  decision 
shall  not  affect  the  validity  of  the  remaining  portions  of  this  act.  The 
legislature  hereby  declares  that  it  would  have  passed  this  act,  and  each 
section,  subsection,  sentence,  clause  and  phrase  thereof,  irrespective  of 
the  fact  that  any  one  or  more  sections,  subsections,  sentences,  clauses 
or  phrases  be  declared  unconstitutional. 

Sec.  10.  An  act  entitled  "An  act  to  regulate  the  practice  of  archi- 
tecture,'' approved  March  23,  1901,  and  approved  March  26,  1903,  is 
hereby  repealed. 

Resolution  Adopted  by  San  Diego  Association 

"Whereas,  There  is  now  pending  before  the  State  Legislature  of 
the  State  of  California,  Assembly  Bill  ISTo.  1126,  which  is  an  act  'Pro- 
viding for  Public  Safety  in  Buildings  within  the  State  of  California 
by  Eegulating  the  Construction,  Alteration  and  Repair  of  same,  and 
to  Provide  Penalties  for  the  Violators  thereof,  and, — 

"WhereaSj  the  San  Diego  Association  of  the  American  Society  of 
Civil  Engineers  are  firmly  convinced  that  this  bill  will  not  provide 
public  safety ;  that  it  is  not  along  the  line  of  public  policy ;  that  it 
entails  unnecessary  burdens  and  expense;  that  it  creates  a  monopoly 
and  discriminates  in  that  the  Engineer,  who  by  education,  training, 
experience  and  practice,  is  especially  and  peculiarly  qualified  and 
adapted  to  design,  construct,  alter  and  repair  buildings  and  structures, 
and, — 

"Whereas,  if  this  bill  becomes  a  law  it  will  be  necessary  that  every 
building,  excepting  a  house  wherein  but  one  family  is  to  reside,  shall 
be  designed,  constructed,  repaired  or  altered  by  a  licensed  architect, 
as  the  same  is  defined  in  the  bill,  even  to  the  designing,  construction, 
repairing  or  alteration  of  a  chicken  house,  garage,  shed,  etc. 

"Therefore,  he  it  Resolved;  That  the  San  Diego  Association  of  the 
American  Society  of  Civil  Engineers  is  unanimously  and  mialterably 
opposed  to  the  enactment  of  this  bill  and  that  the  said  San  Diego 
Association  shall  use  such  means  and  methods  as  are  fit  and  proper  to 
accomplish  the  defeat  and  prohibit  the  enactment  of  same  into  a  law. 

"Unanimously  Adopted  by  the  San  Diego  Association  of  the  Ameri- 
can Society  of  Civil  Engineers  in  regular  session  assembled  at  San 
Diego,  California,  on  March  6th,  1917. 

"W.  J.  GouGH^  President. 
"San  Diego  Association, 
"American  Society  of  Ciatl  Engineers. 
"Attest:    P.  R.  Watson, 

"Secy.  Pro  tern." 
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The  Engineering  Council 

The  United  Engineering  Society  has  adopted  the  following  amend- 
ments to  its  By-Laws  in  order  to  provide  for  convenient  co-operation 
between  the  four  Founder  Societies,  for  the  proper  consideration  of 
questions  of  general  interest  to  engineers  and  to  the  public  and  to 
provide  the  means  for  united  action  upon  questions  of  common  concern 
to  engineers. 

"The  United  Engineering  Society  shall,  in  addition  to  its  other 
activities  and  entirely  separate  therefrom,  establish,  and  maintain  a 
department  to  be  known  as 

Engineering  Council* 

"Each  Founder  Society  shall  have  five  representatives  upon  the 
Council  and  such  representatives  shall  be  designated  by  the  governing 
body  of  such  Society. 

"The  United  Engineering  Society  shall  have  four  representatives 
on  the  Engineering  Council  who  shall  be  chosen  by  its  Board  of 
Trustees ;  such  representatives  to  be  men  not  already  designated  by 
a  Founder  Society. 

"The  Council  may  speak  authoritatively  for  all  member  societies 
on  all  public  questions  of  a  common  interest  or  concern  to  engineers, 
unless  objection  be  made  by  a  majority  of  the  representatives  present 
of  one  of  the  Founder  Societies  or  by  one-fourth  of  the  representatives 
present  and  voting.  It  shall  defer  any  action  which  is  opposed  as 
aforesaid;  such  suspended  action  shall  be  referred  to  the  governing 
bodies  of  the  societies  whose  representatives  have  protested,  for  an 
expression  of  opinion  of  a  veto  upon  further  action,  and  may  then  be 
reconsidered  if  such  societies  have  agreed. 

"The  Council  shall  elect  annually  (at  its  annual  meeting)  from 
the  representatives  a  Chairman,  and  two  Yice-Chairmen ;  also  a 
Secretary  who  may  or  may  not  be  a  representative. 

"The  expenses  of  the  Engineering  Council  shall  be  disbursed  out 
of  such  funds  as  the  Trustees  of  United  Engineering  Society  shall 
from  time  to  time  provide  for  that  purpose. 

"The  Engineering  Council  shall  hold  an  annual  meeting  in  Xew 
York  in  the  month  of  February  and  such  other  meetings  as  the  Council 
may  decide. 

"A  quorum  shall  consist  of  one- third  of  the  total  number  of  repre- 
sentatives upon  the  Council. 

"An  Executive  Committee  to  serve  one  year  shall  be  constituted 
of  six  members,  of  which  the  Chairman,  and  two  Vice-Chairmen  shall 
be  members.  It  shall  transact  necessary  business  between  meetings 
of  the  Council,  but  shall  take  no  action  binding  the  Council  upon 
debatable  questions  of  engineering  concern. 

"The  Council  shall  have  authority  to  make  rules  for  its  own 
guidance,  not  inconsistent  with  these  by-laws. 

"The  Trustees  of  the  United  Engineering  Society  may  elect  to 
membership  in  the  Engineering  Council  other  National  Engineering 

*  See   Report  of   Board  of   Direction,   p.    312. 
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or  Technical  Societies,  under  such  rules  as  the  Council  prescribes 
provided  tlieir  nomination  and  said  rules  have  the  unanimous  approval 
of  the  governing  bodies  of  the  four  Founder  Societies. 

"The  Council  shall  keep  a  record  of  its  proceedings  and  transmit, 
after  each  meeting,  a  copy  of  the  same  to  the  Board  of  Trustees  of 
the  United  Engineering  Society." 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

September  5th,  1917. — 8.30  P,  M.— A  regular  business  meeting 
will  be  held,  and  a  paper  by  Floyd  A.  Nagler,  Jun.  Am.  Soc.  C.  E., 
entitled  "Obstruction  of  Bridg'e  Piers  to  the  Flow  of  Water",  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION  ABANDONED 

The  following  is  a  copy  of  a  circular  issued  to  the  membership: 

Under  date  of  May  3d  there  was  issued  to  all  members  a  circular 
concerning  the  Forty-ninth  Annual  Convention  of  the  Society,  to 
be  held  at  St.  Paul  and  Minneapolis,  Minn.,  June  12th  to  15th,  1917. 
All  information  concerning  the  Convention,  general  programme,  etc., 
was  given  in  some  detail. 

Up  to  that  date  the  preparations  for  holding  the  Convention  had 
gone  on,  although  there  was  some  doubt  as  to  whether  there  would 
be  an  adequate  attendance.  On  May  7th  the  War  Department  author- 
ized the  formation  of  nine  Volunteer  Engineer  Regiments  for  imme- 
diate service  in  France,  and  this  action  has  forced  a  realization  of 
conditions  affecting  the  members  of  this  Society. 

In  this  emergency  the  Executive  Committee,  which  is  authorized  to 
act  for  the  Board  of  Direction  on  urgent  questions,  was  called  together. 

After  careful  discussion  of  the  situation  this  Committee  decided 
unanimously  that  the  wise  course  to  pursue  was  to  abandon  the  Con- 
vention of  1917. 

The  following  resolutions  were  unanimously  adopted: 

"Resolved:  That  in  view  of  the  present  condition  of  war,  which 
involves  the  absence  of  many  members  of  the  Society  in  the  service 
of  their  country,  that  the  Annual  Convention,  which  it  had  been 
decided  to  hold  at  St.  Paul  and  Minneapolis,  June  I2<=i5  (inclusive), 
be  abandoned,  and  that  the  membership  be  notified  at  once  by  a 
circular  giving  the  reasons  governing  the  Executive  Committee  in 
its  action." 

"Resolved:  That  it  is  the  sense  of  the  Executive  Committee  that 
the  next  Annual  Convention  of  the  Society  should  be  held  at  St.  Paul 
and  Minneapolis,  provided  it  is  the  desire  of  the  membership  in  that 
locality,  and  that  thereafter  the  rotation  of  the  place  for  holding  the 
Convention  in  the  various  Districts  be  maintained  as  heretofore 
arranged." 
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Ju  carrying-  out  the  foregoing  resolutions,  in  addition  to  the  reason 
given  therein,  the  replies  already  received  to  the  Convention  circular, 
as  well  as  numerous  interviews  with  members  of  the  Society  in  the 
East,  make  it  practically  certain  that,  if  the  Convention  were  held 
as  scheduled,  the  outside  attendance  would  be  very  small.  Several 
of  those  who  have  stated  that  they  would  not  attend  have  indicated 
that  existing  conditions  prevented  them.  Quite  a  number  of  other 
organizations  who  hold  Annual  Conventions,  and  whose  meetings  had 
been  scheduled  and  prepared  for,  have  taken  similar  action. 
By  order  of  the  Executive  Committee. 

George  H.  Pegram, 

President. 
May  10th,  1917.  Chas.  Warren  Hunt, 

Secretary. 

SEARCHES   IN   THE   LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

A  list  of  989  bibliographies  made  in  the  Library,  giving  the  cost 
of  each,  was  published  in  Vol.  LXXX  of  Transactions. 
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Since  October  1st,  1916,  the  Library  of  the  American  Society  of 
Civil  Engineers  has  ceased  to  exist,  as  such,  having  been  merged  with 
the  Libraries  of  the  Mining,  Mechanical,  and  Electrical  Engineers, 
and  become  a  part  of  the  Library  of  the  United  Engineering  Society. 
There  were  07  000  accessions,  which  were  not  duplicates,  turned  over 
to  that  Library. 

Hereafter,  therefore,  requests  for  searches  should  be  addressed  to 
the  Librarian,  United  Engineering  Society,  39  West  39th  Street, 
New  York  City. 

PAPERS  AND   DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

J.  D.  Galloway,  President;  E.  T.  Thurston,  Secretary-Treasurer, 
57  Post  Street,  San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
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October,  and  December,  tbe  last  being'  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.30  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

Thomas  W.  Jaycox,  President;  L.  E.  Hinman,  Secretary-Treasurer, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  P.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

March  loth,  1917 — The  meeting  was  called  to  order  at  the  Denver 
Athletic  Club ;  President  Jaycox  in  the  chair ;  L.  R.  Hinman,  Secretary ; 
and  present,  also,  20  members  and  3  guests. 

The  minutes  of  the  meeting  of  February  10th,  1917,  were  read  and 
approved. 

The  resignation,  as  a  member  of  the  Association,  of  Mr.  I.  O. 
Thorley,  now  a  resident  of  Detroit,  Mich.,  was  presented  and  accepted. 

The  Secretary  read  a  letter  from  the  St.  Louis  Association  in  the 
matter  of  proposed  amendments  to  the  Constitution  of  the  Society 
relative  to  representation  on  the  Board  of  Direction.  On  motion,  duly 
seconded,  the  reading  of  the  am.endments,  as  presented  by  the  St.  Louis 
Association,  was  deferred. 

President  Jaycox  addressed  the  meeting  informally  on  the  work 
done  by  the  Miami  Conservancy  District  for  flood  protection  in  the 
Miami  Valley,  in  Ohio,  illustrating  his  remarks  with  lantern  slides. 

A  paper  by  John  E.  Hayes,  Chief  Engineer  of  the  Farmers  Reser- 
voir and  Irrigation  Company,  on  "The  Construction  of  Standley  Dam 
and  Recent  Slides  in  the  Embankment",  was  presented  by  the  author, 
who  afterward  explained  the  paper  with  the  aid  of  lantern  slides. 

The  subject  was  discussed  by  Messrs.  C.  W.  Comstock  and  L.  E. 
Bishop,  the  former  of  whom  also  illustrated  his  remarks  with  lantern 
slides. 

Messrs.  Ridgway,  Black,  and  Norton  were  appointed  the  Entertain- 
ment Committee  for  the  April  Meeting.^ 

On  motion,  duly  seconded,  a  vote  of  thanks  was  extended  to  Mr. 
Hayes  for  his  paper. 

Adjourned. 
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Atlanta  Association,  Organized  1912. 

Paul  H.  ISTorcross,  President;  Thomas  P.  Branch,  Secretary-Treas- 
urer, Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

H.  D.  Bush,  President;  Charles  J.  Tilden,  Secretary-Treasurer, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

(Abstract  of  Minutes  of  Meeting) 

March  21st,  i9«7-— The  meeting  was  called  to  order  at  8.35  p.  m., 
at  the  Engineers'  Club;  President  Bush  in  the  chair;  C.  J.  Tilden, 
Secretary ;  and  present,  also,  24  members. 

The  minutes  of  the  meetings  of  the  Association  of  May  3d,  1916, 
and  of  the  Board  of  Directors  of  March  9th,  1917,  were  read  and 
approved. 

Mr.  W.  D.  Janney  explained  the  objects  and  advantages  of  the 
Associated  Technical  Societies  of  Baltimore,  of  which  the  Association 
became  a  member  bv  action  of  its  Board  of  Directors  on  March 
9th,  1917. 

The  Secretary  read  the  proposed  amendments  to  the  Constitution 
of  the  Association,  as  submitted  at  the  March  9th  meeting  of  the 
Board  of  Directors,  and  reported  that  it  had  been  sent  to  the  Board 
of  Direction  of  the  Society  for  its  approval. 

On  motion,  duly  seconded,  it  was  decided  that  President  Bush  ap- 
point a  committee  of  three  to  arrange  for  a  dinner  to  be  held  before  the 
Annual  Meeting  of  the  Association  in  May.  President  Bush  appointed 
Messrs.  Greiner,  Whitman,  and  Warren  as  such  Committee.  It  was 
further  decided  that  this  Committee  discuss  the  question  of  monthly 
luncheons  for  the  Association,  and  take  such  action  in  that  regard  as 
deemed  by  it  desirable. 

The  Secretary  read  a  letter  from  Mr.  Charles  Warren  Hunt,  Secre- 
tary of  the  Society,  announcing  the  appointment  of  a  committee  of  the 
Board  of  Direction  to  study  and  report  on  the  relations  of  Local  Asso- 
ciations to  the  Society.  The  subject  was  discussed  briefly  by  Messrs. 
Janney,  Greiner,  Whitman,  and  Pitts,  and,  on  motion,  duly  seconded, 
the  President  was  authorized  to  appoint  a  committee  to  prepare  a  definite 
plan  relative  to  this  matter,  to  be  presented  at  the  Annual  Meeting  of 
the  Association  on  May  2d,  1917.  President  Bush  subsequently  ap- 
pointed Messrs.  Janney,  Pagon,  and  Tilden  as  such  Committee. 

A  communication  from  the  St.  Louis  Association  relative  to  the 
proposed  change  in  the  Constitution  of  the  Society,  was  read  by  the 
Secretary.  The  subject  was  discussed  briefly  by  Messrs.  L.  F.  Smith, 
Whitman,  Pitts,  and  Janney,  and,  on  motion,  duly  seconded,  it  was 
resolved  that  it  is  the  sentiment  of  the  Association  that  the  Constitu- 
tion of  the  Society  should  be  allowed  to  stand  as  regards  the  require- 
ments concerning  Directors  and  that  notice  to  that  effect  be  sent  to 
the  Secretary  of  the  Society. 

Mr.  R.  K.  Compton  introduced  the  subject  of  the  Engineer  Section 
of  the  Officers'  Reserve  Corps,  explaining  the  provisions  of  General 
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Orders  32,  providing  for  the  creation  and  maintenance  of  this  Corps. 
A  general   discussion   of  the   subject   by   the   members   followed,   and 
President  Bush  read  an  editorial  from  a  recent  number  of  the  Boston 
News  Bureau. 
Adjourned. 

Cleveland  Association,  Organized  1914. 

W.  J.  Watson,  President;  George  H.  Tinker,  Secretary-Treasurer, 
olG  Columbia  Building,  Cleveland,  Ohio. 

Detroit  Association,  Organized  1916. 

T.  A.  Leisen,  President;  Secretary,  Clarence  W.  Hubbell.  2334 
Dime  Bank  Building,  Detroit,  Mich. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

A.  P.  Davis,  President;  John  C.  Hoyt,  Secretary-Treasurer,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Duluth  Association,  Organized  19 17. 

Walter  G.  Zimmermann,  Secretary,  Wolvin  Building,  Duluth,  Minn. 

The  regular  meetings  of  the  Association  are  held  monthly.  The 
time  and  place  of  meeting  are  not  fixed,  but  this  information  will  be 
furnished  on  application  to  the  Secretary. 

The  Annual  Meeting  is  held  on  the  third  Monday  of  May  in 
each  year. 

Illinois  Association,  Organized  1916. 

C.  F.  Loweth,  President,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  President. 

Louisiana  Association,  Organized  1914. 

W.  B.  Gregory,  President;  Charles  W.  Okey,  Secretary,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Nebraska  Association,  Organized  1917. 

Frank  T.  Darrow,  President;  Homer  V.  Knouse,  Secretary-Treas- 
urer, 115  City  Hall,  Omaha,  Nebr. 

Regular  meetings  of  the  Association  are  held  on  the  first  Saturday 
of  each  month,  except  July  and  August,  and  at  such  places  as  may 
be  appointed  from  time  to  time  by  the  Executive  Committee.  The 
Annual  Meeting  is,  held  in  Lincoln,  Nebr.,  on  the  second  Friday  in 
January. 
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It  is  probable  that  frequent  luncheons  will  be  held  in  Omaha,  in 
addition  to  the  monthly  meetings,  at  which  visiting  members  will  be 
welcomed.  The  place  of  meeting  may  be  ascertained  by  communicating 
with  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

April  loth,  1017.— The  meeting  was  called  to  order  at  the  Lincoln 
Hotel,  Lincoln,  Nebr.,  at  7.40  p.  m.;  President  Darrow  in  the  chair; 
Homer  V.  Knouse,  Secretary;  and  present,  also.  10  members  and  9 
guests. 

The  Secretary  read  a  letter  from  T.  C.  Desmond,  Assoc.  M.  Am. 
Soc.  C.  E.,  in  regard  to  the  Roosevelt  Division  for  service  in  France, 
and  the  announcement  of  the  next  meeting  of  the  Colorado  Association 
was  also  read. 

At  the  request  of  Mr.  C.  E.  Mickey,  Mr.  Herbert  S.  Crocker,  a 
Director  of  the  Society,  discussed  various  matters  of  interest  now 
before  the  Society  for  consideration  and  action. 

The  meeting  then  adjourned  to  the  University  of  Nebraska,  and 
Mr.  Crocker  presented  a  paper  entitled  "Certain  Trying  Features  of 
the  Construction  of  Keinforced  Concrete  Viaducts,"  which  he  illus- 
trated with  lantern  slides  of  work  on  the  Colfax-Larimer  Viaduct, 
recently  constructed  at  Denver,  Colo. 

An  expression  of  the  appreciation  of  the  Association  for  Mr. 
Crocker's  address  was  made  by  President  Darrow. 

Adjourned. 

Northwestern  Association,  Organized  1914. 

George  L.  Wilson,  President;  Ralph  D.  Thomas,  Secretary.  508 
South  First  Street,  Minneapolis,  Minn. 

Philadelphia  Association,  Organized   1913. 

Samuel  T.  Wagner,  President;  C.  W.  Thorn,  Secretary,  1313  South 
Broad  Street,  Philadelphia.  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January.  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

J.  P.  Newell,  President;  J.  A.  Currey,  Secretary,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

J.  A.  Ockerson,  President;  Gurdon  G.  Black,  Secretary-Treasurer, 
34  East  Grand  Avenue.  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

W.  J.  Gough,  President;  J.  R.  Comly,  Secretary-Treasurer,  4105 
Falcon  Street,  San  Diego,  Cal. 
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Seattle  Association,  Organized  1913. 

Joseph  Jacobs,  President;  Carl  H.  Reeves,  Secretary-Treasurer,  444 
Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

Southern  California  Association,  Organized  1914.  • 

H.  Hawgood,  President;  Wilkie  AVoodard,  Secretary,  435  Consoli- 
dated Realty  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednepdny  of 
February,  April,  June,  August,  October,  and  December,  the  last  lacing 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretaiy. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914. 

J.  C.  Ralston,  President;  B.  J.  Garnett,  Secretary,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnislied  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  hmchefms. 

Texas  Association,   Organized   1913. 

John  B.  Hawley,  President;  J.  F.  Witt,  Secretary,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

E.  C.  La  Rue,  President;  H.  S.  Kleinschmidt,  Secretary-Treasurer, 
306  Dooly  Building,  Salt  Lake  City,  Utah. 


PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  25  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  25  West  Thirty-ninth 
Street,  New  York  City. 
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Architekten=Verein  zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 
Germany. 

Associagao  dos   Engenheiros  Civis    Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Araaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers'  and  Architects'  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville.  J\y. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray.  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street.  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  568  Union  Arcade 
Building,  Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Civil  Engineers,  Great  George  Street,  Westminster, 
S.  W.,  London,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 
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Junior  Institution  of  Engineers,  39  Victoria  Street,  Wcstininstor, 
S.  W.,  T>()Tuli>n,  Kiighmd. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  Xew  Orleans,  La. 

Memphis   Engineers'   Club,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Esclien- 
bachgasse  9,  Vienna.  Austria. 

Oregon  Society  of  Civil  Engineers,  Bortland,  Ore. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building, 
Seattle,  Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur=  und  Architekten=Verein,  Dresden,  Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
France.  • 

Society  of  Engineers,  IT  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary, 
Montpelier,  Vt. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chi- 
cago, 111. 
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ACCESSIONS  TO  THE  LIBRARY* 

(From  April  4th  to  April  SOth,  1917) 
Gifts  have  been  received  from  the  following: 


Am.  Ry.  Bridge  and  Bldg.  Assoc.     1  pam. 
Am.  Telephone  &  Telegraph  Co.     4  pam. 
Rrookline,  Mass. -Water  Uept.     1  pam. 
Burgess,  H.     1  pam. 
Burlington,    Vt.-Water  Dept.      1    pam. 
Bush  Terminal  Co.     1  pam. 
California-State  Water  Coram.     1  pam. 
Canada-Comptroller  of  Statistics.     1  pam. 
Canada-Conservation  Comm.     1  pam. 
Canada-Dept.  of  Marine  and  Fisheries.     1 

pam. 
Canada-Geol.  Survey.     2  pam. 
Canada-Secy,  of  State.     1  pam. 
City  Service  Co.     2   pam. 
Colorado-Agricultural    Exper.    Station.      2 

pam. 
Colorado    Springs,    Colo. -Water    Dept.       1 

pam. 
Connecticut-State      Highway      Comm.       1 

pam. 
Connecticut-State  Library.     1  vol. 
Cumberland  Valley  R.  R.  Co.     1  pam. 
Erie  R.  R.  Co.     1  pam. 
Fairmount  Park  Art  Assoc.     1  pam. 
Ferrocarril  de  Antioquia.     1  pam. 
Ferrocarriles    Nacionales    de    Mexico.       1 

pam. 
Florida-R.  R.  Comm.     1  pam. 
Florida  Eng.  Soc.     1  pam. 
Green  Bay  &  Western  R.   R.  Co.     1  pam. 
Harvard  Univ.     1  vol. 
Hav*raii-Public  Utilities  Comm.     3  pam. 
Hawaii  Coll.     1  pam. 
Hawley,  W.  C.     1  pam. 
Hersey,  Milton,  Co.     6  pam. 
Illinois-Rivers  and  Lakes  Comm.      1  pam. 
Illinois-State  Geol.  Survey.     1  pam. 
Illinois,  Univ.  of.     1  vol.,  1  pam. 
Illinois,  Univ.  of-Agricultural  Exper.  Sta- 
tion.     1  bound  vol.,  4  pam. 
Indiana-State  Board  of  Health.      1  bound 

vol. 
Iowa    State   Coll.    of   Agriculture   and    the 

Mechanic  Arts.     1  pam. 
King,  William  B.     1  pam. 
Lehigh  Portland  Cement  Co.     1  bound  vol. 
Little  Falls,  N.  Y.-Board  of  Public  Works. 

1  pam. 
Liverpool,  England-Town  Clerk.     1  bound 

vol. 
Louisville  &  Nashville  R.  R.  Co.     1  pam. 
Madras.  India-Irrig.  Branch.     1  vol. 
Madras,  India-Public  Works  Dept.    1  pam. 
Maine-Forest  Commr.     1  bound  vol. 
Maryland-Public  Service  Comm.     1  bound 

vol. 
Massachusetts-State  Forester.      1  pam. 
Metcalf,   Leonard.      1   pam. 
Michigan-Geol.  and  Biological  Survey.     2 

bound   vol. 
Minnesota-State  Highway  Comm.     3  pam. 
New    Bedford,    Mass. -Eng.    Dept.      1    pam. 
New  Bedford.  Mass. -Water  Board.    1  pam. 


New   Hampshire-Public  Service  Comm.    2 

bound  vol. 
New    York    City-Board    of    Estimate    and 

Apportionment.      1    pam. 
New  York  City-Dept,  of  Health.     5  pam. 
New    York    City.      Bureau    of    Municipal 

Research.      1    pam. 
New    York    State-Public    Service    Comm., 

Second  Dist.     6  pam. 
New  York,  State  Univ.  of.     1  pam. 
Norfolk  &  Western  Ry.  Co.     1  pam. 
North  Dakota  Soc.  of  Engrs.     1  pam. 
Northern  Pacific  Ry.  Co.     1  pam. 
Ohio-State  Highway  Dept.     2  pam. 
Ontario,     Canada-Dept.    of    Public    High- 
ways.    3  pam. 
Pennsylvania-Public    Service    Comm.      20 

pam. 
Pennsylvania,  Univ.  of.     1  vol. 
Presidents'  Conference  Committee.     3  pam. 
Prudential  Insurance  Co.  of  America.     11 

pam. 
Punjab,  India-Irrig.  Branch.     1  vol. 
Rutland  R.  R.  Co.     1  pam. 
Soc.  of  Engrs.     1  bound  vol. 
Southend  Waterworks  Co.      1  pam. 
Springfield,  Mass. -Board  of  Water  Commrs. 

1  pam. 
Syracuse  Univ.     1  vol. 
Throop  Coll.     2  pam. 
Truro,  Nova  Scotia-Town  .Govt.     1  pam. 
U.  S.-IBureau  of  Insular  Affairs.     1  specif. 
U.  S.-Dept.  of  Agriculture.     2  pam. 
U.  S.-Engr.  OfHce,  Boston,  Mass.     2  specif. 
U.  S.-Engr,  Office,  Buffalo,  N.  Y.     1  specif. 
U,  S.-Engr.    Office,     Cincinnati,    Ohio.       5 

specif. 
U.  S.-Engr.   Office,  Dallas,   Tex.     2   specif. 
U.  S.-Engr.  Office,  Detroit,  Mich.    7  specif. 
U.  S.-Engr.  Office,  Dulutti.  Minn.    2  specif. 
U.  S.-Engr.  Oflice,  Grand  Rapids,  Mich.     5 

specif. 
U.  S.-Engr.    Oflice,    Honolulu,    Hawaii.      2 

specif. 
U.  S.-Engr.    Office,    Kansas    City,    Mo.      1 

specif. 
U.  S.-Engr.  Office,  Louisville,  Ky.     3  specif. 
U.  S.-Engr.  Office,  New  London,  Conn.      2 

specif. 
U.  S.-Engr.    Office,    New    Orleans,    La.      2 

specif. 
U.  S.-Bngr.  Office,  New  York  City.    2  specif. 
U  S.-Engr.  Office,   Norfolk,  Va.      2  specif. 
U.  S.-Engr.    Office,    Philadelphia,    Pa.       9 

specif. 
U.  S.-Engr.  Office,  Pittsburgh,  Pa.    2  specif. 
U.  S.-Engr.  Office,  Portland,  Me.     1  specif. 
U.  S.-Engr.  Office,  St.  Louis,  Mo.    1  specif. 
U.  S.-Engr.  Office,   San  Francisco,  Cal.      2 

specif. 
U.  S.-Engr.    Office,    Wheeling,    W.    Va.      3 

specif. 
U.  S.-Engr.    Office,    Wilmington,    N.    C.      6 

specif. 


*  The  Library  of  the  Society  having  been  discontinued,  these  accessions  have  been 
turned  over  to  the  United  Engineering  Society  Library,  29  West  39th  Street,  New  York 
City,  to  which  future  donations  should  be  made.  This  list  will  not  be  published  in  the 
future. 
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I'.  S.-Geol.   Survey.     42   pam.         •  IMah-State  Engr.      1  pani. 

U.  S.-Lake  Survey  Office.     2  bound  vol.  Washington  Soc.  of  Eugi>.     1  pani. 

U.  S. -Mississippi    River   Conim.      5    specif.  Washington  Univ.      1   para. 

U.  S. -Naval  Observatory.      1  bound  vol.  Western  Reserve  Univ.     1  vol. 

V.  S.  Steel  Corporation.      1  pam.  Wyoming-State  Geologist.      1   pam. 


SUMMARY   OF  ACCESSIONS 

(From  April  4th  to  April  30th.  1917) 
Donations  (including'  11  duplicates) 261 
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MEMBERSHIP 

(From  April  6th  to  May  3d,  1917) 

ADDITIONS 

MEMBERS  Date  of 

Membership. 

Allee,  David  Arthur.     Dept.  Head.  Gen.  Elec.  Co..  Room 

506,  Gen.   Elec.  Co.,   Schenectady,  N.   Y April   17,   1917 

Bennett,  John  Walter  Frink.  Cons.  Engr.  to  Pres., 
Borough  of  The  Bronx,  1882  Grand  Concourse, 
New    York    City April   17.  1917 

Black,    Clarence   Neelly.     Chf .    Engr.,    Gulf  ■^ 

Pipe  Line  Co.  and  Gulf  Production  Co.,   •    Assoc.  M.     June      4,   1913 
P.  O.  Drawer  1791   (Res..  2204  Crawford   f  M.  April   18,   1917 

St. ) ,    Houston,    Tex J 

Cannon,    Sylvester   Quayle.     City    Engr.,   301    City    and 

County   Bldg.,   Salt  Lake   City,  Utah Jan.     15,  1917 

Cline,  McGarvey.  Vice-Pres.,  Florida  Pine  Co.;  Engr., 
Commodores  Point  Terminal  Co.,  1427  Post  St., 
Jacksonville,   Fla Jan.     15,  1917 

Cunningham,  John  George  Lawrence.     Cons.  |    Assoc.  M.     Jan.       5,  1909 

Engr.,  Deer  Lodge,  Mont ("  M.  April   18,   1917 

French,     Carson     Geyer.     Cons.      Structural  ]    ^  ^^  ^^  ^„    ,„,„ 

J  ,^«^     T.     ,.,      »  ^„       ,      ,    /   Assoc.  M.  May  28.  1912 

Engr.,     1836     Eucl  d     Ave.,     Cleveland,   I  ^^  .    ^.,  ,„     

^,  °  {    M.  April  18,  1917 

Ohio     J 

Garrett,  James  Madison.     120  Catonia  St..  Montgomery, 

Ala April   17.   1917 

Gibson,  Norman  Rothwell.     Asst.  Chf.  Engr.,  The  Ontario 

Power  Co.  of  Niagara  Falls,   107  Culp  St.,  Niagara 

Falls,    Out.,    Canada April   17,   1917 

Grove,   William   Garrett.     Asst.    Engr.,   Am.  )     .           ,^  .      .,  ,„    ,„,^ 

-r.  ■.        ^       „^    ^o        ,     ..,      ^^      \x     ,    f    Assoc.  M.  April  18.  1916 

Bridge    Co.,   30   Church    St.,   New    York  I  ,,  /    .,  ,o    ,^,^ 

^.,    ^                                                                    C  M.  April  18,   1917 

City   ) 

Hale,  Herbert  Miller.     Asst.  Mgr.,  Holbrook,  \    Jun.  Nov.       1,   1904 

Cabot   &    Rollins    Corporation,    52    Van-  >   Assoc.  M.     Mar.      5,   1912 

derbilt  Ave.,  New  York  City )    :\I.  April  18,   1917 

Holland,     Clifford     Milburn.     Div.     Engr.,  )    .           ,.  ^  ^  ^„    ,„,„ 

-^'.„       .       ^             ^     ,   ^.         r>.         f    Assoc.  M.  Oct.  29,  1912 

Public  Service  Comm.,  Ea.st  River    uiii-   >  -i  is    iqit 

nels,  933  East  22d  St.,  Brooklyn.  N.  Y. .    \"'  pn  ,     . 

Johnston,    James    Houstoun.     Cons.    Engr.,    Western    & 

Atlantic  R.  R.  Comm.,  State  Capitol,  Atlanta,  Ga.  .  .  .  Mar.  13,   1917 

Lucas,  George  Latimore.     Gen.  Insp.  of  Ma-  j     .           ,,  ^^  ,-  ,„^. 

,     .   ,        ^  ,,.       r^       .        ^,                -r.-     .  f    Assoc.  M.  Dec.  /,  1904 

terials.     Public     Service     Comm..     I'irst  >  ,r  t  ■,  ^  -..^^r, 

^.                 ^        ,           .^        ,r     ,     .,.  C  M.  Jan.  16,  1917 

Dist.,   120  Broadway,  I^ew    lork   City.,  i 

McLane,  Glenwood  Lyle.     City  Engr.,  Hutchinson,  Kans.      April   17.   1917 

NoYES,    Edward    Newton.     Engr.     (Myers    &   )    Assoc.  M.     April     2,   1912 

Noyes),  405  Juanita  Bldg..  Dallas,  Tex.  .    [  M.  Jan.      16,1917 
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MEMBERS    (Covliiiued)  Date  of 

Membership. 

Randall.    Frank    Alfrkp.     Civ.    and    Struc- ^     .  ,,      .^  ^    ,„,, 

1    17  /T3      ^   11     t     XA-  .      -o   f    Assoc.  M.     Dec.       5,   1911 

tural    Entrr.      Randall    &    Warner   .     <9   I 

„.     .   ,,   "'        *         ,.,  .            1,,  r  M.  April   18.   1917 

West  Monroe  St.,  Chicago,  111 ) 

Rayburx.    John    MArrHEW.     Civ.    and    Min.    Engr.,     1115 

House  Bldg.,   Pittsburgh,   Pa April   17,   1917 

Varney,  Henry'  Alois.     Town  Engr.,  Room  15,  Town  Hall. 

Brookline,   Mass April   17,   1917 

Warren,    Horace    Prettyman.     Eng.    Repre-  ^     .  ,,      ^  ,    ,„,, 

'      ,.        .,..,„,,       ^        .,     ,       f   Assoc.  M.     Jan.       3,  1911 

sentative    in    United    States   for   Alaska    y  -.^  .      .,,„,„,„ 

Eng.   Comm.,   Seattle,  Wash ) 

1908 

1917 


Weiss,  Andrew.     Project  Mgr.,  U.  8.  Reclama-  )    Assoc.  M.  Jan.       8 

tion  Service,  Mitchell,  Nebr f  M.  April   18 

Wynn,     Wesley'     Akers.     Engr.,     Bureau     of  )     .            ^,  .      .,      , 

'               .            .   ,                                ,.r.    ,  f   Assoc.  M.  April     4 

Township     Highways,      State     Higliway  V  a      -i    iq 

Dept.,  P.  0.  Box  422,  Harrisburg,   Pa..  \   '   '  ^^^ 

Young,    Charles    Asa    Diets.     Asst.    Engr..  )    .           ,r  ^ 

r     Assop     \l  Inn           i 

U.    S.    Engr.    Dept..    Box    1809,    Seattle,  >•  ^/      '  ^   '  .      '      ,„ 

'^            '                                           '  t  M.  Apn     18 

Wash ' 


1911 
1917 


1913 
1917 


associate  members 

Anderson,   Howard  Royston.     Asst.   Road  Engr.,   Fayette 

County,  Mt.   Hope,   W.   Va Mar.  13.   1917 

BoEscH,  Clarence  Edwin.     Charlotte,  N.  C Nov.  28,  1916 

Brennan,    Joseph    Lawrence.     Contr.,     1711   )   Jim.  Jan.  5,  1909 

University  Ave.,  New  York  City ("   Assoc.  M.  Mar.  13,   1917 

Chamberlain,  Joseph  Jenks,  Jr.     Asst.  Engr.,   )    ^  ^  ,         „    ,^ 

li     1        T^     4      ..        1           n       ^       itro       J""-  Oct.  3,   1911 

Bridge    Dept.,    Luvahoga    Coiintv.    1452   V    .  ,,  ,,  ,„     , 

^     ,^,_,/     '       ^.■,       ,       ,     ni-  ■                  C   ^'^^oc.  M.  Mar.  13,   1917 

East    135tli   St..   Cleveland,   Ohio ] 

Clark,  Roy  Ross.     Bridge  and  Structural  Engr..  410  Selling 

Bldg.,  Portland,  Oi:e April  17,  1917 

CoNGDON,  Howard  Wilbur.     Structural   Engr.,   Providence 

Steel  &  Iron  Co.,  Providence,  R.  I April  17,   1917 

Cotton,  William  OwEx.     Chf.  Engr.  and  Mgr.,  ]    ^  ^  ,„,„ 

Ti   K      T     •       T^-  .      ox    Q  I     .             17     ,    /    'T»n-  'Tan.  17,   1916 

Idaho   Irrig.   Dist.,   224   Salesbarrv   Earl   I.  ,,  .      .,,_,„,„ 

T>i^        T.1   1       17  11      Tj  1                   ■                C   Assoc.  M.  April  It.   1917 

Bldg.,   Idaho   Falls,   Idaho ) 

Cykler,  Emil  Frank.     Chf.  Engr.,  Lord-Young  )    ^  ^.  „,     ,^,, 

'          ,,        Tx,       1  A      T.     .Li,           T>,  ,       /   J""-  Oct.  31,  1911 

Eng.    Co..     Ltd..    2-A,    Pantheon    Bldg..   I    .            ,,  ,,  ,„,„,, 

„  ®  ,   ,    ■     ^        .,                                      "^     C  Assoc.  M.  Mar.  13,   1917 

Honolulu,    Hawaii .  .  .    ) 

Farnsworth,    Howard    Richards.     U.    S.    Surv.,    Div.    E, 

Gen.  Land  Office,  Washington,   D.   C April  17,   1917 

Eraser,  Robert  Marshall.     Engr.  of  Constr.,  Rome  \Vire 

Co.,  Rome,  N.  Y April  17,   1917 

Galbreath,  Albert  ^VEBSTER.     Asst.  Engr.,  Vandalia  R.  R., 

1314   Syndicate  Trust  Bldg.,   St.   Louis,   Mo April  17,   1917 
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Gaytjob,    Keyes    Christopher.     Cons.    Engr.,  |    Jun.  June    30,  1910 

405  Frances  Bldg.,  Sioux  City,  Iowa....    ^   Assoc.  M.  Mar.    13,  1917 

Gould,  Robert  Rutledge.  Asst.  Engr.,  New  York  Munici- 
pal  Ry.    Corporation.   533    Tinton    Ave.,    New    York 

City     • April   17,  1917 

Haas,  Exum  Moses.     Sales  Mgr.,  The  International   Steel 

Tie  Co.,  16702  Waterloo  Rd.,  Cleveland,  Ohio Mar.    13,  1917 

Harvfxl,  John  Herbert.  800  West  Redgate  Ave.,  Nor- 
folk, Va Jan.     1.5,   1917 

HSIMBUECHEE,  WALTER  ALEXANDER.      City  Engr..  City  Hall, 

University  City,  Mo April    17,  1917 

Hinds,  Arthur  Klock.     Engr.,  G.   F.  Hardv,    )    ,  ,.-         ,„,„,„ 

, .^        ,            .^            „,„     .,^         ^r    \     I  Jun.  !Nov.     12,   1913 

309    Broadway,    Room    608.    New    York    I    .            ^^  ,      .,,„,„,„ 

^                                                   {  Assoc.  M.  April   17,  1917 

City  ) 

HOLLINGS WORTH,  HORACE  Wright.     Vicc-Pres.,  C.  M.  Pritch- 

ard  Co.,  Inc.,  910  North  Elwood,  Tulsa,  Okla Jan.     15,   1917 

HooPES,  Edgar  Malin,  Jr.  Chf.  Engr.,  City  of  Wilming- 
ton, 1303  Rodney  St..  Wilmington,  Del April   17,  1917 

Jamison.    George   Holt.     306    0.    &    W.    Station,    Seattle, 

Wash April   17.   1917 

Knoettge,  Carl  H.\RMAN.     Instr.,  Coll.  of  Eng.,  ^  <?     f       9    loia. 

Cornell  Univ.,   109  De  Witt  PL,  Ithaca,   I      """      ,,  ^r^  '      o'  .«,, 

,^   ,^                                                                      i    Assoc.  M.  Mar.    13.   1917 

N.  Y ) 

Labsap,  Alfred  Harry.     Asst.,  U.   S.   Engr.   Office,  P.   0. 

Box  421,  Vicksburg,  Miss Mar.    13.   1917 

Lucchetti-Otero,  Antonio   Sebastian.     Asst.    i    ^  ^            „    ,„,, 

^           ^               .^  ,,.    „T     ,       ^     ,      ,■   I   Jun.  Jan.       3,   1911 

Engr.,  Bureau  of  Public  Works,  Dept.  of   V    ,            ,,  ,,         ,„    ,,^,, 

,   ^           .        ^        ^          ^     ,     L-                 (  Assoc.  M.  Mar.    13.   1917 

the  Interior,  San  Juan,  Porto  Rico \ 

Obermeyer,    Walter    Scott.     Asst.    Engr.,    J-  )    -r  ...„.„.. 

Toner   Barr,   934   St.   James   St.,    Pitts-   [■    /"^"      .^  .^^].      '_'  ,„,^ 

^      '                                       '                i    Assoc.  M.  April   17,  1917 

burgh.   Pa ) 

Peabody,  Alonzo  Orran.     Lewiston,  N.  Y......'. April  17,  1917 

Pharis,    Le   Roy   Masters.     Asst.    Engr.,    Utah    Power    & 

Light  Co.,  Salt  Lake  City,  Utah April  17,   1917 

Raper,    Franklin    Kearns.      (Rader    Bros.),    Lewisburg, 

W.  Va April   17.   1917 

Shields,  James  Ralph.     Engr.  of  Tests,  Test-   )    _  ^  ,         ,     ,rvir, 

/   Jun.  Oct.        1,  1912 

ing  Laboratorv,  Univ.  of  California,  2119    V    .            ^r  nr         lo    -.nin 

,.^,.   ,        .         -r.    ,    ,        ^  ,                        C  Assoc.  M.  Mar.    13,  1917 

McKinley  Ave.,  Berkeley,  Cal ) 

Smallman,  Ralph  Alcorn.     Engr.  and  Contr.    )    ^  ^          oi     mn 

^     .                     I   Jun.  Jan.     31.   1911 

(Smallman-Brice   Co.),    161/    Am.   Trust  V    .             -.,  ^^         lo    t-m-t 

^                                                                             i    Assoc.  M.  Mar.    13,  1917 

Bldg.,  Birmingham,  Ala ) 

Standish,   Seymour.     Chf.   Engr.,   Standish   &   Allan,   820 

Consumers  Bldg.,  Chicago,  111. .  April   17,  1917 

Tate,    Robert    L'Hommedieu.     134    Herkimer  1    Jun.  Mar.      4,  1913 

St.,  Buffalo,  N.  Y \  Assoc.  M.  April   17,   1917 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 
Taylor,   Harold   Alexander.     Supt.   of  Constr.,    Prack   & 

Perrine,  7239  Penn  Ave.,  Pittsburgh,  Pa April   17,   1917 

Wallace,    David    Alexander.     With    Imperial    Munitions 

Board,  108  Gloucester  St.,  Ottawa,  Ont.,  Canada Mar.    13,   1917 

JUNIORS 

Bly,    Edwin    Prescott.     Draftsman    and    Engr..    Standard 

Oil  Co.,  Olympic  Club,  San  Francisco,  Cal April  17,   1917 

Brown,  Horatio  Whittemore.  Elm  St.,  Concord,  Mass...  April  17,  1917 
Cox,  Joel  Bean.     County  Engr.,  County  of  Maui,  Wailuku, 

Maui,    Hawaii Mar.    13,   1917 

Denham,  Donald  Power.     Care,  Leonard  Constr.  Co.,  Box 

36,  Packer's  Station,  Kansas  City,  Mo April  17,   1917 

Gomez,  Ernesto.     2106  Sedgwick  St.,  Chicago,  111 Mar.    13,  1917 

King,    Howard    Langdon.     Junior    Asst.,    Public    Service 

Comm.,  559  West  164th  St.,  New  York  City April   17,  1917 

Love,  Joseph  Eugene.     5648  Ridge  Ave.,  Chicago,  111 Nov.    28,  1916 

Muenster,  Roland  August.     Asst.   City  Engr.,   1211   Rio 

Grande  St.,  Austin,  Tex Mar.    13,  1917 


CHANGES  OF  ADDRESS 

MEMBERS 

Beeler,  John  Allen.     301  West  108th  St.,  New  York  City. 

BiLLiN,  Charles  Emery.     Bedford  Hills,  N.  Y. 

Blair,  McCrea  Parker.     17  Dundum  PI.,  Winnipeg,  Man.,  Canada. 

Charles,  La  Vern  John.     Asst.  State  Highway  Engr.,  Santa  Fe,  N.  Mex. 

Cheney,   Sherwood  Alfred.     Maj.,   Corps  of  Engrs.,  U.   S.   A.,  Fort  Sam 

Houston,  Tex. 
Clayton,  Robert  Morris.     Cons.  Engr.,  Route  4,  Asheville,  N.  C. 
Clayton,    Thomas    Wiley.     With    Chicago    Elev.    Rys.,    322    Pooria    Ave., 

Dixon,  111. 
Collins,  Emmett  Filmore.     Asst.  Engr.,  St.  L.  &  S.  F.  R.  R.,  631   Frisco 

Bldg.,  St.  Louis,  Mo. 
Devin,  George.     Room  626,  Frisco  Bldg.,  St.  Louis,  Mo. 

Durham,  Edward  Miall,  Jr.     Care,  So.  Ry.,  1300  Pennsylvania  Ave.,  Wash- 
ington, D.  C. 
Flagler,  Clement  Alexander  Finley.     Lt.-CoL,  Corps  of  Engrs.,  U.  S.  A.. 

Army  War  Coll.,  Washington,  D.  C. 
Francis,  Henry  Newton.     1526  Broad  St.,  Providence,  R.  I. 
French,    Mansfield    Joseph.     Civ.    Engr.    and    Archt.,    707    Sumner    Ave., 

Syracuse,  N.  Y. 
Fuller,  William  Barnard.     Cons.  Engr.,  P.  0.  Box  97,  Pierreville,  Que., 

Canada. 
Goodrich,  Ernest  Payson.     Cons.  Engr.,  261  Broadway,  New  York  City. 


360  MEMBEKSHIP — CHANGES  OF  ADDRESS      [Society  Affairs. 

MEMBERS    ( Continued ) 
Gregory,  John  Herbert.     Cons.  Hydr.   Engr.  and  San.  Expert,   170  Broad- 
way, New  York  City. 
Hall,  Louis  Wells.     Hydr.  Engr.,  Aluminum  Co.  of  America,  Oliver  Bldg., 

Pittsburgh,  Pa. 
Hering,  Pudolph.     Cons.  Engr.,  170  Broadway,  New  York  City. 
HoRROCKS,  John  Irvin.      (B.  H.  M.  Lumber  Co.),  Tolt,  Wash. 
HoxiE,  Richard  Leveridge.     Brig.-Gen.,  U.  S.  A.  { Retired),  Iowa  City,  Iowa. 
Johnson,   Charles.     Asst.   Engr.,   Coventry   Land   &    Impvt.   Co.,   403   Ohio 

Boulevard,  Akron    (Res.,  62  South  Towa  Ave.,  Kenmore),  Ohio. 
Jones,   Arthur  Lewis.     Engr.,   Glendale   &   Montrose   Ry.,   Care,   H.   Haw- 
good,   722   E.   W.   Hellman   Bldg.,   Los   Angeles,   Cal. 
Kersting,  Felix  John.      (Pope  Constr.  Co.),  P.  0.  Box  533,  Jefferson  City, 

Mo. 
Lahmer,   John    Aloysius.     Drainage   Engr.,    Mo.    Pac.    Ry.,    1055    Railway 

Exchange,  St.  Louis,  Mo. 
Layfield,  Elwood  Norman.     61  Broadway,  Room  2216.  New  York  City. 
Lewis,  Sidney  Francis.     Res.  Engr.,  S.  E.  Arkansas  Levee  Dist.,  Arkansas 

City,  Ark. 
McConnell,  John   Lorenzo,     Asst.   Archt.,   Central   Mtg.   Dist.,    1118   West 

35th  St.,  Chicago,  111. 
Mason,  Francis.      (Cadmus  Constr.  Co.),  120  Liberty  St.,  New  York  City. 
Mattis,   George.     Asst.    Div.   Engr.,   California   Highway    Comm.,   Div.   IV, 

Rialto  Bldg.,  San  Francisco,  Cal. 
Naylor,  Ezra  Booth.     201  Fremont  St.,  Peekskill,  N.  Y. 
O'Brien,  Arthur.     County  Engr.,  1627  Sunset  Ave.,  Utica,  N.  Y. 
OsBORN,  Frank  Chittenden.     Cons.  Engr.,  Osborn  Eng.  Co.,  2848  Prospect 

Ave.,  Cleveland,  Ohio. 
Pardee,  James  Thomas.     Cons.  Engr.,  P.  O.  Box  226,  Midland,  Mich. 
Philips,  James  Harry.     Prin.  Asst.  to   Engr.   and   Supt.  of  Essex  County 

Park   Comm.,    115   Clifton  Ave.,   Newark    (Res.,   41    Hawthorne   Ave., 

Glen  Ridge),  N.  J. 
PUBDY,    Corydon   Tyler.     Chairman,   Board   of   Directors   and   Cons.   Engr., 

Purdy  &  Henderson  Co.;    Cons.  Engr.,   45   East   17th  St.,  New  York 

City. 
RiCKER,  George  Alfred.     Highway  Engr.,  Portland  Cement  Assoc,  111  West 

Washington  St.,  Chicago,  111. 
Ripley,  Blaik.     Lt.-Col.,  0.  C.  First  Battalion,  Canadian  Ry.  Troops,  France. 

via  Army  Post  Office,  London,  England. 
RosENCRANS,  Edwin  John.     Archt.   (Jackson  &  Rosencrans),  243  West  39th 

St.,  New  York  City. 
RosENER,  Leland  Sylvan.     Cons.  Engr.,  723  Insurance  Exchange  Bldg.,  San 

Francisco,  Cal. 
Ross,   Thomas   Alexander.     Capt.,   Royal   Engrs.,   Golfers   Club,    Whitehall 

Courts,  London,  W.,  England. 
RUFFIN,  Charles  Lorraine.     Box  124,  Fredericksburg.  Va. 
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Sax,  Percival  Mo.si.ey.  Cons.  Engr.,  1205  Franklin  Bank  Bldg.,  Philadel- 
phia, Pa. 

Shanks,  Oscar.  C'ompania  Swift  de  La  Plata.  25  de  Mayo  Xo.  105,  Buenos 
Aires,  Argentine  Republic. 

SiDENius,  Harry.  Asst.  Engr.,  C.  P.  Ry.,  Dept.  of  Natural  Resources,  Cal- 
gary, Alberta,  Canada. 

Simpson,  George  Hume.     316  Dalzell  Ave.,  Ben  Avon,  Pa. 

Spear,  Walter  Evans.  Dept.  Engr.,  Board  of  Water  Supply  of  tlio  City  of 
New  York,  :Municipal  Bldg.,  22d  Floor,  New  York  City. 

Stannard,  Jay  L.     Cons.  Engr.,  504  Selling  Bldg.,  Portland.  Ore. 

Stone,  Henry  Morton.  Asst.  Engr.,  Valuation  Dept..  C,  R.  I.  &  P.  Ry., 
432  North  21st  St.,  St.  Joseph,  Mo. 

Thayer,  Horace  Richmond.  Asst.  Prof.,  Structural  Design,  Carnegie  Inst, 
of  Technology,  1150  Wightman  St.,  Pittsburgh,  Pa. 

Vail,  Charles  Davis.  Ry.  and  Hydr.  Engr.,  Public  Utilities  Comm.,  Den- 
ver, Colo. 

Vincent,  Edwin  Derickson.     2143  Canyon  Drive,  Hollywood,  Cal. 

Wadhams,  Joseph  Palmer.  Street  Commr.  and  City  Engr.,  City  Hall,  Nor- 
walk.  Conn. 

Weatherly,  Everett  Pine.  Vice-Pres.,  List  &  W^atherly  Constr.  Co.,  416 
Ry.  Exchange  Bldg.,  Kansas  City,  Mo. 

WiLKERSON,  Thomas  Jefferson.  Div.  Engr.  in  Chg.  of  Designing,  Constr., 
and  Maintenance  of  City  Bridges,  Dept.  of  Public  W^orks,  Room  425, 
City  County  Bldg.,  Pittsburgh,  Pa. 

Wilson,  Henry  Felix,  Jr.     2101  Eleventh  Ave.,  South,  Birmingham,  Ala. 

associate  members 

Adams,  Frank  Hicks.     706  Kittredge  Bldg.,  Denver,  Colo. 

Alden,  Langford  Taylor.     Little  Compton,  R.  I. 

Anderson,  Robert  Harlow.  Chf.  Engr.,  Great  Falls  Development,  Tennessee 
Power  Co.,  Parksville,  Tenn. 

Armstrong,  Roger  Wellington.  Asst.  Engr.,  Board  of  Water  Supply,- 
Municipal  Bldg.,  New  York  City. 

Ayres,  Louis  Evans.     147  Waverly  Ave.,  Highland  Park,  Mich. 

Bailey,  Albert  Ross.     Room  2627,  Grand  Central  Terminal,  New  York  City. 

Barshell,  Frederick  Bayard.     146  West  121st  St.,  New  York  City. 

Babtlett,  William  Andrews.  Res.  Engr.,  The  Am.  Brass  Co.,  Waterbury, 
Conn. 

Begien,  Ralph  Norman.  Gen.  Mgr.,  B.  &  0.  R.  R..  Room  507,  B.  &  0.  Bldg., 
Baltimore,  Md. 

Bell,  Alfred  Carroll.  Contr.  Engr.,  Wi.sconsin  Bridge  &  Iron  Co.  (Res., 
101  Nineteenth  St.),  Milwaukee,  Wis. 

Bennett,  Manche  Owen.  Asst.  Engr.,  Oregon  State  Highway  Comm.,  Pen- 
dleton, Ore. 
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Blair,    Alexander.     Second    Lieut.,    Royal    Engrs.,    British    Expeditionary 

Force,  France. 
BoDYCOMB,   Walter   Christmas.     Supt.   of   Constr.,  Westinghouse,   Cliurch, 

Kerr  &  Co.,  Rock  Island  Arsenal,  Rock  Island,  111. 
BoBTiN,  Harry.     Cons.  Valuation  Engr.,  325  Central  Bldg.,  New  York  City. 
Bouton,  Harry  Remington.     Care,  Board  of  Water  Supply,  Municipal  Bldg., 

Room  2234,  Ne^v  York  City. 
Browne,  James  Gibbons.     1419  San  Jacinto  St.,  Houston,  Tex. 
Bruntlett,  Eugene  Harry.     Constr.  Engr.,  A.   Guthrie  &   Co.,  Inc.,   Blue 

Island,  111. 
Caldwell,  Fred  Edward.     30  Church  St.,  Room  411E,  New  Y'ork  City   (Res. 

Newton,  N.  J.). 
Carter,  Lester  Levi.     Care,  Shell  Co.  of  California,  343  Sansome  St.,  San 

Francisco,  Cal. 
Christensen,  George  Andrew.     Capt.,  Quartermaster  Section,  Officers'  Re- 
serve Corps,  U.  S.  A.,  Aviation  School,  San  Diego,  Cal. 
Cobb,  Stephen  Prentis.     Care,  Elec.  Bond  &  Share  Co.,  71  Broadway.  New 

York  City. 
Crary,    Alexander    Patton.     Leading    Draftsman,    Bureau    of    Yards    and 

Docks,  Naval  Academy,  Annapolis,  Md. 
Critchlow,  Howard  Thompson.     Water  Engr.,  Dept.  of  Conservation  and 

Development,  State  of  New  Jersey,  State  House,  Trenton,  N.  J. 
DeBerard,    Wilford    Willis.     Western    Editor,    Engineering    News-Record, 

1570  Old  Colony  Bldg.,  Chicago,  111. 
Egenhoff,  Rowland  Leonard.     Junior  Engr.,  U.  S.  Engr.  Office,  486  Jean 

St.,  Oakland,  Cal. 
EvAxs,   John   Maurice.     Treas.,   Cooper   &   Evans   Co.,   655   East   19th   St., 

Brooklyn,  N.   Y. 
Farrin,  James  Moore.     Asst.  Engr.,  Valuation  Dept.,  111.  Cent.  R.  R.,  706 

Central  Station,  Chicago,  111. 
Fawcett,    Luther    Thomas.     First   Asst.    City    Engr.,    1613    Canfield    Rd., 

Youngstown,  Ohio. 
Forsyth,  Harold  Frederick.     P.  0.  Box  854,  Anaconda,  Mont. 
Fowler,  James  Duncan.     Cons.  Engr.  (Koch  &  Fowler),  606  Sumpter  Bldg., 

Dallas,  Tex. 
Francis,    Howard    Lewis.     Care,    Ferrocarril    Central    Dominicana,   Puerto 

Plata,  Dominican  Republic. 
Frasquiero    y   Regueifero,    Tranquilino.     Chf.,    Bureau    of    Forestal    and 

Mines  Service,  Dist.  of  Camagiiey,  Apartado  825,  Camagiiey,  Cuba. 
FUQUA,  Paul  David.     Dist.  Agt.,  Delco-Light  Products,   819   Georgia  Ave., 

Chattanooga,  Tenn. 
Gilbert,  Archibald  Marvin e.     Edgemont  Apartments,   961    Pine   St..   San 

Francisco,  Cal. 
Gordon,  John  Gardner,  Jr.     Chf.  Engr.,  Layne  &  Bowler  Corporation,  Box 

O,  Arcade  Station,  Los  Angeles,  Cal. 
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Gray,  Roy  Cecil.     505  Barnes  Bldg.,  Muskogee,  Okla. 
Greene,  Joseph  John.     Engr.,  Public  Works  Dept.,  Sydney,  Austrnlia. 
Gross,  Joseph  Watson.     914  Forum  Bldg.,  Sacramento,  Cal. 
Hall,  Robert  Elliot.     With  Russell  B.  Smith,  50  East  42d  St.,  New  York 

City. 
Hammond,  Lester  Clark.     Dist.  Contr.  Mgr.,  Turner   Constr.   Co.,   930   St. 

Nicholas  Ave.,  New  York  City. 
Harmon,  Ivan  Guy.     2017  Railway  Exchange  Bldg.,  St.  Louis,  Mo. 
Harrah,  Orin  Wilson.     Junior  Engr.,  U.  S.  Reclamation  Service,  INIidway 

Hotel,  Glasgow,  Mont. 
Harrington,  Allan  Collins.     Wells  Bldg.,  Milwaukee,  Wis. 
Harris,  Frank  Sampson  Mason.     454  Sixty-first  St.,  Oakland,  Cal. 
Hart,  Samuel  Alexander.     Manteca,  Cal. 

Hawn,  Russell  John.     Care,  Oakland  Chemical  Co.,  Rossville,  N.  Y. 
Heiseb,  Alfred  Brackenridge.     Designing  Engr.,  Turner   Constr.   Co..   244 

Madison  Ave.,  New  York  City    (Res.,  26  Seventy-first  St.,  Brooklyn, 

N.  Y.). 
HlCKOK,  Clifton  Ewing.     2054  Thirty-eighth  Ave.,  Oakland,  Cal. 
Hilton,  Joseph  Churchill.     (Cadmus  Constr.  Co.),  120  Liberty  St.,  New 

York  City. 
HoGLUND,   Cap.l   August.     Pilot  Engr.,   Valuation   Dept.,   N.   Y^.    C.   R.   R., 

Cleveland,  Ohio. 
Holland,   Ray  Kingsbury.     Prin.   Asst.   Engr.,   Gardner   S.   W^illiams,   802 

West  Huron  St.,  Ann  Arbor,  Mich. 
Hoover,   Andrew   Pearson.     Associate,    E.    P.    Goodrich,    Cons.    Engr..    261 

Broadway,  New  York  City. 
Howard,  Olh'ER  Zell.     Care,  The  Diamond  Match  Co.,  Lawrence,  Mass. 
Ilsley,  Arthur  Benjamin.     Engr.  of  Bridges,  So.  Ry.,  Charlotte,  N.  C. 
Jacobosky,  Gilbert  Garfield.      Cons.    Engr.,    106    Second    National    Bank 

Bldg.,  Wilkes-Barre,  Pa. 
Johnston,  Walter  Wier.     Care,  J.  F.  Morgan  &  Co.,  Miami,  Fla. 
Jones,  W.vlter  Alpheus.     69  Audubon  St.,  New  Haven,  Conn. 
Jones,  William  Nelson.     Chf.   Engr.  of  Filter  Design  and   Constr.,   City 

Engr.'s  Ofl&ce,  City  Hall,  Minneapolis,  Minn. 
K.\estner,  Albert  Carl.     Asst.  to  Chf.  Engr.,  U.  S.  Realty  &  Impvt.  Co., 

949  Broadway,  Room  702    (Res.,  2648  Morris  Ave.,   Fordham),  New 

York  City, 
Kelly,  W^arren  Winfield.     Asst.  Engr.,  A.,  T.  &  S.  F.  Ry.,  Holyrood,  Kans. 
Kittredge,    Frank    Alvah.     Constr.    Engr.,    Snohomish    County    Highway 

Comm.,  Monroe,  Wash. 
Klein,  Albert  Robert.     Lake  Congamond,  Southwick,  Mass. 
Logan,  Chester  Russel.     Supt.  of  Bldg.  Constr.,  W.  E.  Wood  Co..  Edin- 

burg,  111. 
Lupinski,  Oswald.     Engr.  and  Contr.    (Lupinski-Richards  Co.),   1013   East 

Washington  St.,  New  Castle,  Pa. 
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McGregor,  Robert  Roy.     City  Engr.,  Susanville,  Cal. 
McNayr,  George  Everett.     Care,  Lehigh  Val.  Transit  Co.,  Front  St.. Power 

House,  Allentown,  Pa. 
Martinez  y  Reugifo,  Conrado  Eugenio.     27  No.  76,  Havana,  Cuba. 
Mattimore,   Horatio   Seymour.     First   Asst.   Engr.,   State   Highway   Dept., 

119  Delaware  Ave.,  Albany,  N.  Y. 
Maul,  Theodore  Russell.     Capt.  and  Quartermaster,  Reserve  Corps,  U.  S. 

Army,  4213  Westminster  Ave.,  Philadelphia,  Pa. 
Megraw,  William  Adams.     Designing  Engr.,  Bureau  of  Yards  and  Docks, 

Navy  Dept.,  Washington,  D.  C. 
Merrill,  Ogden.      (Cadmus  Constr.  Co.),   120  Liberty  St.,  New  York   City. 
Miller,  Paul  Bertolet.     1003  Scanlan  Bldg.,  Houston,  Tex. 
Moore,  Charles  Rea.     Locating  Engr.,  Am.  Mineral  Production  Co.,  Valley, 

Wash. 
Morrison,  George  Eldridge.     1200  Hughes  St.,  Dallas,  Tex. 
Moss,   Castle  Prentice.     2213329   Canadian  R.  R.  Troops,  No.   3   Co.,  6th 

Battalion,  Army  Post  Office,  London,  England. 
Moth,  Robert  Henry.     Eng.  Dept.,  Republic  Motor  Truck  Co.,  Alma,  Mich. 
Myers,  Frank  Tiebout.      (Henry  J.  Cox  &  Co.),  Hattiesburg,  Miss. 
Nabstedt,  Arthutj  Theodore.     Engr.  and  Secy.,  Snow  &  Petrelli  Mfg.  Co., 

138   West   Rock   Ave.,  New  Haven,   Conn. 
Osbobn,   Kenneth   Howard.     Asst.   Engr.,   Osborn   Eng.   Co.,   2848   Prospect 

Ave.,  S.  E.,  Cleveland,  Ohio. 
Page,  Edwin  Randolph.     Asst.   to  Pres.,  The  Gauley  Mountain  Coal   Co., 

Ansted,  W.  Va. 
Palmer,   George  Bushnell.     Vice-Pres.,   Arthur   McMullen   Co.,   St.   James 

Hotel  Annex,  Philadelphia,  Pa. 
Parker,  Robert  Preston.     P.  0.  Box  425,  Jackson,  Tenn. 
Pennell,  James  Roy.     State  Highway  Engr.,   Columbia,  S.   C. 
Pill,  Leon  Morley.     Office  Engr.,  Mobile  &  Ohio  R.  R.,  921  North  Euclid 

Ave.,  Pittsburgh,  Pa. 
Pond,    Frederick   Henry.     Asst.    Engr.,    Board   of   Water    Supply,    City   of 

New  York,  Room  2234,  Municipal  Bldg.,  New  York  City. 
Ray,  Frank  Oliver.     Contr.  Engr.,  Broadmoor,  Colorado  Springs,  Colo. 
Richards,    Nathaniei,    Atherton.     Vice-Pres.    and    Chf.    Engr.,    Purdy    & 

Henderson  Co.,  45  East  17th  St.,  New  York  City. 
RoHR,  Wilkie  Clairborne.     452  East  3d  St.,  Moorestown,  N.  J. 
Rosenberg,  Friedbich.     Cons.  Engr.,  Riverside  Hotel,  Reno,  Nev. 
Sanborn,  James  Forrest.     Div.  Engr.,  Board  of  Water  Supply,  Room  2234, 

Municipal  Bldg.,  New  York  City. 
Schenk,  Ernest  Eugene.     415  East  9th  St.,  Waterloo,  Iowa. 
Schmidt,  John  George.     4243  Floral  Ave.,  Norwood,  Ohio. 
Schwarze,  Carl  Theodore.     Asst.  Prof,  of  Civ.  Eng.,  Cooper  Union;   Cons. 

Engr.,  Cooper  Union,  New  York  City. 
SciiwiERS,  Frederick  William,  Jr.     215  West  106th  St.,  New  York  City. 
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Scott,  James  Robinson.     Contr.  Engr.,  The  C.   S.   Lambie  Co.;    Supt.   and 

Mgr..  Platte  River  Sand  &  Gravel  Co.,  The  Nowhouse  Hotel,  Denver, 

Colo. 
Scott,  Walter  Vanderbelt.     176  Chestnut  St.,  Flushing,  N.  Y. 
Searle,  Lewen  Firth.     Asst.  Engr.,  Board  of  Water  Supply,  City  of  New 

York,  Grand  Gorge   (Res.,  189  Fair  St.,  Kingston),  N.  Y. 
Severson,  Oscar  Melverx.     Constr.  and  Contr.  Engr.,  Belfast,  N.  Y. 
Shannon,   William   Day.     Supt.   of   Constr..   Stone   &   Webster   Eng.    Cor- 

■  poration,  868  Stuart  Bldg.,  Seattle,  Wash. 
Shepardson,    John    Eaton.     Terminal    Engr..    Holston    Corporation    Coal 

Terminals,  Belhaven,  N.  C. 
Sherman,    John    Rockwood.     Engr.    with    Braden    Copper    Co.,    Rancagua, 

Chile. 
Smith,  Claiborne  Ellis.     Chf.  of  Party.  California  Highway   Comm.,  Los 

Molinos,   Cal. 
Smith,    Herbert    Yates.     Engr.-Supt.,    Wisconsin    Tunnel    &    Constr.    Co., 

Hotel  Carlton,  Milwaukee,  Wis. 
Smith,   Pemberton.     Care,   U.   S.   Steel   Products   Co.,   30   Church   St.,   New 

York  City. 
Smith,  Russell  Biddle.     Engr.  and  Contr.,  50  East  42d  St.,  New  York  City. 
Smith,   William  Beauvais,  Jr.     U.   S.  Junior   Engr.,   327   Custom   House, 

New  Orleans,  La. 
Soo-Hoo,  Peter.     Mech.  Engr.,  Koushing  Eng.  Co.,  Howe  Bldg.,  West  Bund. 

Canton,   China. 
Spengler,  John  Henry.     Care,  Fargo  Eng.  Co.,  Jackson,  Mich. 
Steinman,   David   Bernard.     Associate   Engr..   Waddell   &  Son,    165   Broad- 
way, Suite  500,  New  York  City. 
Stephens,    Gf:orge    Hippesley    Stanley.     Care,    Post    Office,    Paarl,    Cape 

Colony,  Soutji  Africa. 
Stoney,  William  Edmund.     Asst.  Engr..  R.  J.  Reynolds  Tobacco  Co.,  P.  O. 

Box  1372,  Winston-Salem,  N.  C. 
Stronach,    Robert    Summers.     Lieut.,    10th    Fiekl    Co.,    Canadian    Engrs., 

B.  E.  F.,  France. 
Tarr,   Charles    Winthrop.     Asst.    Engr.,   Morris   Knowles,   Inc.,    108   Bagg 

St.,  Detroit,  Mich. 
Thayer,   James   Lawrence.     Chf.   Deputy   County   Engr.,    Lincoln    County, 

Sprague,  Wash. 
Thompson,    Edward    Percival.     Care,    Tata    Sons    &    Co..    Navsari    Bldgs., 

Fort,  Bombay,  India. 
Thompson,  W^illiam  George  Boland.     Care,  State  Highway  Dept.,  Trenton, 

N.  J. 
TiRRELL,  Charles  Edwards.     Contr.  Engr.;   Treas.,  John  Ellendt  Co.,  Inc., 

323  Sibley  Blk.,  Rochester,  N.  Y. 
Travers-Ewell,   Andrew.     Care,   Leonidas   Leao,    Floriano,   Piauhy,   Brazil. 
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Van    Duzek,    William    Albie.     Engr.    and    Contr.     (Wilt,    Van    Duzer    & 

Frazier ) ,  Wellsburg,  W.  Va. 
Vollmer,  Henry  Godlove.     203  German-Am.  Bank  Bldg.,  Burlington,  Iowa. 
Walker,  Fred  Bacon.     Asst.  Engr.,  C,  M.  X-  St.  P.  Ry.,  Room  306,  0.  &  W. 

Station,  Seattle,  Wash. 
Washburn,  Charles  Emmett.     538  W^ilson  Bldg..  Dallas,  Tex. 
Wasser,  Thomas  James.     Court  House,  Jersey  City,  N.  J. 
Watson,  Walter.     119  Seventeenth  Ave.,  South,  Nashville,  Tenn. 
Weeks,  Harry  Arthur.     Asst.  Engr.,  New  York  State  Highway  C'omm.,  20 

Elk  St.,  Albany,  N.  Y. 
Wilcox,  Albert  Louis.     Care,  Homestake  jMin.  Co.,  Savoy,  S.  Dak. 
Williams,  Jacob  Paul  Jones.     171  Union  St.,  Flushing,  N.  Y. 
Woodruff,    Glenn    Barton.     Structural    Designer,    Chile    Exploration    Co., 

120   Broadway,    New   York   City    (Res.,    1722   Caton   Ave.,    Brooklyn, 

N.  Y.). 
Woody,  Norman   Cooper.     Asst.  Valuation  Engr.,   M.,  St.  P.  &   S.   Ste.  M. 

Ry.,  Winnfield,  La. 

associates 
Manwabing,  Roy  Artimus.     24  Church  Lane,  Philadelphia,  Pa. 
Moxham,   Arthur  James.     Care.   Virginia   Haloid   Co.,    19   West   44th    St., 
New  York  City. 


Banta,  Russell  Vincent.     Structural  Engr.,   26   Cortlandt  St.,  New  York 

City. 
Chase,  Clement  Edwards.     28  Hooker  Ave.,  Poughkeepsie,  N.  Y. 
Coombs.   Donald   Gladstone.     Asst.   to   Supt.   of   Constr.,   U.    S.   Reclama- 
tion Service,  Tieton  Dam,  Naches,  Wash. 
Dougherty,  Edward  James.     Asst.   Supt.,  H.   S.   Kerbfcugh,   Inc..    Fallsing- 

ton,  Pa. 
Dubois,  George  Bache.     First  Lieut.,  Engr.   0.  R.  C,  2028  Sixteenth  St., 

N.  W.,  Washington,  D.  C. 
Fuleihan,  Nasri  Solomon.     No.  5  Chareh  Borsah,  Tewfikieh,  Cairo,  Egypt. 
GoNS,    Louis    Richard.     Care,    Fred    T.    Ley    &    Co.,    Inc.,    495    Main    St., 

Springfield,  Mass. 
Heinonen,  Henry  Jalmab.     Structural  Draftsman,  McClintic-Marshall  Co., 

Carnegie   (Res.,  25  Crafton  Ave.,  E.,  Crafton),  Pa. 
Hjorth,    Lauritz    Rasmus.     Designing    Engr.,    Central    Products    Co..    120 

Broadway,  Room    1855,  New  York   City. 
Hoar,  Allen.     3231  Liberty  Ave.,  Alameda,  Cal. 
MuNN,  Harvey  Timlow.     155  Cleveland  Ave.,  Buffalo,  N.  Y. 
Pitman,  Laurence  Minot.     71  Wollaston  Ave.,  Arlington  Heights,  Mass. 
Poole,   Ruble   Isaac.     Asst.   Prof.,    Civ.   Eng.,   North   Carolina   State   Coll. 

of  Agriculture  and  Eng..  Lock  Box  217,  West  Raleigh,  N.  C. 
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JUNIORS    {Continued) 

Rasmussen,  Alvin  Christian.  Chf.  Engr.,  Insley  Mfg.  Co.  (Res.,  2301 
Broadway),  Indianapolis,  Ind. 

Ro.sE,  Alston  Orange.  Asst.  Engr.,  Morris  Knowlos,  1200  B.  F.  Jones 
BIdg.,  Pittsburgh,  Pa. 

Sohroeder,  Seaton,  Jr.     Public  Works  Dept.,  Navy  Yard,  Brooklyn,  N.  Y. 

Smith,  Richard  Bennett.  Care,  Carl  H.  Reeves,  Room  444,  Henry  Bldg., 
Seattle,   Wash. 

Staehle,  Gilbert  Cobb.  Engr.,  Trussed  Concrete  Steel  Co.,  603  Metro- 
politan Bank  Bldg.,  Minneapolis,  Minn. 

Webb,  Claude  Allen.  With  Universal  Portland  Cement  Co.,  Piomotion 
Bureau,  210  South  La  Salle  St.,  Room  1528,  Chicago,  III. 


REINSTATEMENTS 


ASSOCIATE    MEMBERS  Date  Of 

Reinstaiement. 

Bushnell,    Howard    Emorv April  17,  1917 

DoDD,   John   Hugh April  17,  1917 


RESIGNATIONS 

^^E^«^«S  Re?fgnatfoD. 

Brohm,    William    Cari April  17,  1917 

associate  members 

Burnham,    Frederic    Waterman April  17,  1917 

Justice,   Ged  Hardy April  17,  1917 

Winchester,    Philip    Harold April  17,  1917 

juniors 

Davis,    William    Eilert April  17,  1917 

Jones,   Charles   Hyland April  17,  1917 

Warfel,    Adam    Cooper April  17,  1917 

Wells,   Chester   Gordon April  17,  1917 


DEATHS 

Beardsley,  Arthur.  Elected  Associate,  September  Ist,  1875:  Member, 
September  2d,  1891;   date  of  death  unknown. 

Bergen,  Van  Brunt.  Elected  Member,  June  17th,  1868;  died  April  27th, 
1917. 

Davis,  Harold.  Elected  Associate  Member.  October  2d,  1901 ;  died  March 
25th,   1917. 

Hyde,  William  Herbert.  Elected  Junior,  April  30th,  1901;  Associate 
Member,  .June  4th,  1902;   died  April   15th,   1917. 

Veuve.  Erle  Leroy.  Elected  Junior,  September  3d.  1901;  Member.  Feb- 
ruary 2d,  1909;   died  March  25th,  1917. 

Wright,  Edward  Thomas.  Elected  Member,  February  3d.  1886;  died  March 
29th,  1917. 


Total  Membership  of  the  Society,  May  3d,  1917, 
8  312. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(April  1st  to  April  30th,  1917) 

Note. — This  list  is  published  for  the  purpose  of  placing  hefore  the 
memhers  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  he  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 


LIST  OF  PUBLICATIONS 


In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(2 

(3 

(4 

(5 

(7 

(8 
(9 

(11 

(12 

(13 
(15 
(16 

(17 

(18 
(19 

(20 

(21 

(22 
(23 
(24 
(25 
(26 
(27 
(28 
(29 
(30 
(31 


Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,   Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,   111.,  50c 

Transactions,  Can.  Soc.  C.  E., 
Montreal,   Que.,   Canada. 

Gesundheits  Ingenieur,  Miinchen, 
Germany. 

Stevens  Indicator,  Hoboken,  N.  J.,  50c. 

Industrial  Management,  New  York 
City,   25c. 

Engineering  (London),  W.  H.Wiley, 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,    35c. 

Enoineeriiia  News-Record,  New  York 
City,   15c. 

Railway  Age  Gazette,  New  York 
City,   15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Raihcay  Journal,  New 
York  City,    10c. 

Raihcay  Revieio,  Chicago,   111.,   15c. 

Scientific  American  Supplement, 
New   York   City,    10c. 

Iron  Age,  New  York  City,  20c. 

Raihcay  Engineer,  London,  Eng- 
land,  Is.   2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don,   England,   6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Engineering  Journal, 
New  York   Cityl  10c. 

Railway  Mechanical  Engineer,  New 
York  City,  20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water- 
Works  Assoc,   Boston,  Mass.,   $1. 

Journal,  Royal  Society  of  Arts, 
London,    England,    6d. 

Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annates  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,  4  fr. 


(32)  Mc'tnoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,   Paris,   France. 

33)  Le  Genie  Civil,  Paris,  France,  1  fr. 

34)  Portefeuille    Econo^niques    des    Ma- 

chines, Paris,  France. 

35)  Noiivelles   Annates   de   la   Construc- 

tion, Paris,   France. 

36)  Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

37)  Revue  de  Mecanique,  Paris,  France. 

38)  Revue     Generate     des     Chemins    de 

Per     et     des     Tramways,     Paris, 
France. 

39)  Technisches    Gemeindeblatt,    Berlin, 

Germany,   0,    70m. 

40)  Zentralblatt      der      Bauverwaltung, 

Berlin,  Germany,  60  pfg. 

41)  Electrotechnische    Zeitschrift,    Ber- 

lin,  Germany. 

42)  Proceedings,  Am.  Inst.  Elec.  Engrs., 

New  York  City,  $1. 

43)  Annates    des    Ponts    et    Chaussees, 

Paris,    France. 

44)  Journal,    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,   50c. 

45)  Coal  Age,  New  York  City,  10c. 

46)  Scientific  American,  New  York  City, 

15c. 

47)  Mechanical     Engineer,     Manchester, 

England,    3d. 

48)  Zeitschrift,     Verein     Deutscher     In- 

genieure,     Berlin,     Germany,     1, 
60m. 

49)  Zeitschrift    fur    Bauwesen,     Berlin, 

Germany. 

50)  Stahl    und    Eisen,    Diisseldorf,    Ger- 

many. 

51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

52)  Rigasche     Industrie-Zeitung,     Riga, 

Russia,   25   kop. 

53)  Zeitschrift,      Oesterreichischer      In- 

genieur und  Architekten  Vereines, 
Vienna,    Austria,    70h. 

54)  Transactions,   Am.   Soc.   C.   E.,   New 

York  City,  $12. 

55)  Transactions,  Am.   Soc.   M.   E.,  New 

York   City,    $10. 

56)  Transactions,  Am.  Inst.  Min.  Ehigrs., 

New  York  City,  $6. 

57)  Colliery     Guardian,     London,     Eng- 

land,   5d. 


(58 

(59 
(60 
(61 

(62 

(63 

(64 
(65 


(66 
(67 

(69 
(71 

(71a) 


(72 

(73 
(74 

(75 

(76 
(77 

('78 

(79 
(80 

(81 


(83 

(84 
(85 

(86 

(87 

(88 

(89 


ni:. 


(  ri;i!KXT    KX(iIXEERT\(i     UTKRATl'l! 


369 


Proceedinos,  Engrs.'  Soc.  W.  Pa.. 
2511  Oliver  Bldg.,  Pittsburgh, 
Pa.,  50c. 

Pi-orccdi))gs.  American  Water- 
Worlts   Assoc,    Troy,    N.   Y. 

Municipal  Etif7ineeri7iff,  Indian- 
apolis,   Ind.,    25c. 

Proceedinos.  Western  Railway  Club, 
225  Dearborn  St.,  Chicago,  111., 
25c. 

American  Drop  Forper,  Thaw  Bldg., 
Pittsburgh.   Pa..   lOc. 

Minutes  of  Proceedinas,  Inst.  C.  E., 
London,    England. 

Power,  New  York  City,   5c. 

Official  Proceedings.  New  York 
Railroad  Club,  Brooklyn,  N.  Y., 
15c. 

Gas  Journal.   London,   England,    6d. 

Cement  and  Engineering  News, 
Chicago,    111.,    2.5c. 

Der  Eisenbau,  Leipzig,   Germany. 

Journal.  Iron   and  Steel   Inst.,  Lon- 
don,  England. 
Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

American  Machinist,  New  York 
City,    15c. 

Electrician,    London,    England,    18c. 

Transactions,  Inst,  of  Min.  and 
Metal..   London,   England. 

Proceedings.  Inst,  of  Mech.  Engrs., 
London.   England. 

Brick.   Chicago,    TIL,   20c. 

Journal,  Inst.  Elec.  Engrs.,  Lon- 
don.  England,  5s. 

Beton  und  Eisen,  Vienna,  Austria, 
1,  50m. 

Forscherarheiten,  Vienna,   Austria. 

Tanindustrie  Zeitung,  Berlin,  Ger- 
many. 

Zeitschrift  fiir  Architektur  und  In- 
genieurivcsen,  Wiesbaden,  Ger- 
many. 

Gas   Age.    New   York   City,    15c. 

Le   Ciment.   Paris,   Prance. 

Proceedings.  Am.  Ry.  Eng.  Assoc, 
Chicago,    111. 

Engineering -Contracting,  Chicago, 
111..    10c. 

Railaaii  Engineering  and  Mainte- 
nance of   Way,  Chicago,   111.,   10c. 

Bulletin  of  the  International  Ky. 
Congress  Assoc,  Brussels,  Bel- 
gium. 

Proceedings,  Am.  Soc.  for  Testing 
Materials,  Philadelphia,  Pa.,  $5. 
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Transactions,  Inst.  of  Naval 
Archts.,   London,   England. 

Transactions,  Soc.  Naval  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bulletin,  Soc.  d'Bncouragement 
pour  rindustrle  Nationale,  Paris, 
France. 

Revue  de  Metallurgie,  Paris, 
France,    4    fr.    50. 

International  Marine  Engineering, 
New  York  City,  20c. 

Canadian  Engineer,  Toronto,  Ont., 
Canada,    10c. 

Journal,  Engrs.  Soc.  Pa.,  Harris- 
burg,   Pa.,   30c. 

Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City, 
$2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington. 
D.    C,   50c. 

Metal  Worker,  New  York  City,  10c. 

Organ  fiir  die  Fortschritte  des 
Eisenhahnwesens,  Wiesbaden,  Ger- 
many. 

Mining  and  Scientific  Press,  San 
Francisco,    Cal.,    10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land, 6d. 

Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,    England,    6s. 

Schweizerische  Bauzeitung,  Zurich, 
Switzerland. 

Southern  Machineri/,  Atlanta,  Ga., 
10c. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal,  Am.  Concrete  Inst.,  Phil- 
adelphia,  Pa..   50c. 

Journal  of  Electricity,  Power  and 
Gas.  San  Francisco,  Cal.,  25c. 

Intei-nationale  Zeitschrift  fiir 
Wasser-Versorgung,  Leipzig,  Ger- 
many. 

Proceedinas.  Am.  Wood  Preservers' 
Assoc.    Baltimore,    Md. 

Journal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England.   Is.   6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.   Louis,   Mo.,    35c. 

Blast  Furnace  and  Steel  Plant, 
Pittsburgh,   Pa..   15c. 


LIST  OF  ARTICLES 
Bridges. 

Crack    in    New   Concrete   Arch   Explained    by   Freezing   of    Pocketed    Water.*      A.    W. 

Zesiger.      (13)      Mar.  1. 
Features  of  a  City  Viaduct  Over  Railway  Tracks.      (13)      Mar.  1. 
Chicago    Safeguards    for    Drawbridges ;    Details    of    Recently    Installed    Interlocking 

Derail  Device  and  Cushion  Barrier  Gate  Designed  to  Stop  Surface  Cars.*      F.  H. 

Avery.      (17)      Mar.   17. 
Standard     Highway-Bridge     Plans     Used     on     County-Road     System.*      William     C. 

Davidson.      (14)      Mar.   24. 
Pool   Point   Bridge  Erected   by   Using    A-F"rame  Over  Deep  Water.*       (14)      Mar.  24. 
Reinforced   Concrete   Road    Bridge   Construction.      C.    D.    Snead.      (Abstract   of    paper 

read  before  the  County  Road  Engrs.'  Assoc,  of  Kentucky.)       (104)      Mar.   30. 
Reclaiming  Old   Steel   Bridges.*      J.  T.  Andrews.      (87)      Apr. 
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Bridges— (Continaed ) . 

Concrete  Culverts.*      (67)      Apr. 

Small    Clearance  'Under    Steel    Bridge    Calls    for    Shallow    Floor.*      Jonathan    Jones. 

(13)      Apr.  5. 
Standard    Plans    Solve    Problem   of    State    Highway    Bridge    Supervision    in    Illinois.* 

Clifford  Older.      (13)      Apr.  5. 
Highway    Bridges '  in    Ontario.*      Geo.    Hogarth.      (Abstract    from    pamphlet    supple- 
mentary to  General  Plans  for  Highway  Bridges.)       (96)      Apr.  5. 
Bridge  Caissons  Sunk  in  River  Where  Tide  Varies  33  Ft.,  Creating  15-Mile-an-Hour 

Current.*      C.  H.  Hollingsworth.      (13)      Apr.  12. 
Highway  Bridges  and  Culverts.      W.  G.  Yorston.      (Abstract  of, paper  read  before  the 

Dominion  Good  Roads  Congress.)       (96)      Apr.  19. 
Plans  and  Material  for  Howe  Truss  Bridge.*      (86)      Apr.  25. 
Standard  Reinforced   Concrete  Abutment  of  Michigan   Highway   Department.*      (86) 

Apr.  25. 
Estimating  Curves  for  Bridges.*      (86)      Apr.  25. 
Railway  Forces  Construct  Viaduct  Over  Five  Tracks,  Erection  of  50-Ft.  Girders  and 

Slabs  on  D.,  L.  &  W.  R.  R.  Facilitated  by  Use  of  Old  Trusses  on  Timber  Bents.* 

(13)      Apr.  26. 
Inclined  Track  Delivers  Concrete  by  Gravity  on  Street  Bridge.*      (13)      Apr.  26. 
New  Bridge  Over  the  Schuylkill  at  Manayunk.*      (15)      Apr.  27. 

Instructions  for  Inspecting  Bridges  and  Culverts.*    Frank  B.  Walker.     (17)     Apr.  28. 
Sur   un    Mouvement   Basculent   dans    lequel    I'Equilibre    Statique   Reste   Constamment 

Realise.*      F.  Picard.      (43)      Nov.,  1916. 
Reconstruction   Rapide  des  Fonts  en  Magonnerie  ;   Fonts  a  Voussoirs  en   Beton  Poses 

sur  Anneau-Cintre  en  Fer  et  Beton.*      (33)      Apr.  7. 

Electrical. 

Specifications  for  Electric  Motor  Applications.*      A.  G.  Popcke.      (72)      Serial  begin- 
ning Feb.  1. 
Telegraph  Poles  in  New  Zealand.     J.  Orchiston.      (77)      Mar. 
Frequency  Changers.*      R.  Townend.      (77)   Mar.  ;   (73)   Mar.  23. 
Some  Long-Distance  Wireless  Stations.*      (26)      Mar.  16. 
Self-Propelled   Electric  Vehicles   and   Their   Application.*      L.    Broekman       (Abstract 

of  paper  read  before  Institution  of  Engrs.  and  Shipbuilders  in  Scotland.)       (73) 

Serial  beginning  Mar.  16. 
Pressure  Harmonics  in  Polvphase  Systems  and  Windings.*      B.  Hague.      (73)      Serial 

beginning  Mar.  16. 
Lifting  Magnets.*      (73)      Mar.  16. 
The  Application  of  Radio-Telegraphic  Methods  of  Receiving  for  Cable  Telegraphy.* 

Louis  W.  Austin  and  Louis  Cohen.      (73)      Mar.  16. 
Hydro-Electric  Plant  for  a  Yorkshire  Mill.*      (12)      Mar.  23. 
An  Electric  Grab-Bucket.*      (73)      Mar.   30. 

Electric  Service  in  a  Cotton  Mill.*      David  Elwell.      (27)      Mar.   31. 
Report  of  the  Joint  Rubber  Insulation   Committee— 1916.      (42)      Apr. 
The    Electric    Strength    of    Air    and    Methods    of    Measuring    High    Voltage.*      J.    B. 

Whitehead.      (3)      Apr. 
Cooling   of    Oil-Immersed    Transformer   Windings    after    Shut-Down.*      O.    M.    Mont- 
singer.      (42)      Apr. 
Electrical     Utilization     Safety     Orders     in     California.     James     M.     Barry.      (HI) 

Apr.  1. 
Exhaustive     Tests     on     Electric     Water     Heaters.*     Stanley     V.     Walton.      (Ill) 

Apr.  1. 
Commutators  and  Brushes.*      Gordon  Fox.      (64)      Apr.   3. 
High    versus    Low    Antennae    in    Wireless    Telegraphy    and    Telephony.      E.    Bennett. 

(73)      Apr.  6. 
Modern    Power    Cables.      H.    Savage.      (Paper    read    before    the    Assoc,    of    Superv. 

Electricians.)       (47)      Apr.  6. 
Output   of   Large   Generating  Systems.      (27)      Apr.    7. 

Small-Town    Interconnection    that   Paid.*      A.    Hardgrave.      (27)      Apr.    7. 
The    Electrical    Study    Course — Ohm's    Law.*      (64)      Apr.    10. 
Analysis    of    Operating    Costs :    How    Total    Operating    Expenses    May    be    Separated 

into    Fixed    and    Variable    Expenses    by    Graphical    Analysis.*      Arthur    Jobson. 

(27)      Apr.    14. 
Saw-Mill  Waste  for  Generating  Electricity.*      J.  B.  Woods.      (27)      Apr.  14. 
Industrial   Electric   Heating.*      A.    E.   Holloway.      (Ill)      Apr.    15. 
Standardization    of    the    Hardware    for    Clevis    Cap    Suspension    Insulators.*      L.    M. 

Klauber.      (Ill)      Apr.    15. 
Distribution     Cut-Out     and     Transformer     Practice.*      R.     E.     Cunningham.      (Ill) 

Apr.  15. 
Rate  Making.*      W.  G.  Vincent,  Jr.      (Ill)      Apr.  15. 
Reconnecting  Induction  Motors:   Diagrams  of  Open-Slot  Windings.*      A.   M.   Dudley. 

(64)      Apr.  17. 
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Electrical— I  Continued). 

Costs  of  Shop  and  Office  Lighting.*      C.   E.  Clewell.      (72)      Apr.   19. 

Largest  Hydroelectric  Plant  in  New  England.*      (27)      Apr.  21. 

Effect  of  Adding  Conductors  to  I).  C.  Networks.*      Marwyn  C.  Rodi.      (27)      Apr.  21. 

Indirect  Lighting  Design.      G.   Harry  Swanfeld.      (Abstract  of  paper  read  before   the 

Illuminating  Eng.  Soc.)       (36)      Apr.  25. 
Concrete  Electric-Light  Pole.s  Built  in  Place  in  City  Park.      (13)      Apr.  26. 
Engineering    Precaution.s     in     Radio    Installations,    Various    Possible    Dangers    and 

Means    for    Avoiding    Them.      Robert    H.    Marriott.      (Paper    read    before    Inst. 

Radio  Engrs.)       (19)      Apr.  28. 
A    One-Quarter    Horse-Power    Single-Phase    Induction    Motor.*      Charles    F.    Fraasa, 

Jr.      (19)      Serial    beginning    Apr.    28. 
Experience  with   Induction    Generator   Plant.*      J.   H.   Siegfried.      (27)      Apr.    28. 
Concrete  Poles  made   bv  the   Centrifugal   Process.      (17)      Apr.   28. 
Tube   Coolidge.      Ch.   Fery.      (92)      Jan. 

Marine. 

Panama  Canal  Shops  at  Balboa.*      Frank  A.   Stanley.      (72)      Feb.   22. 

The    Load    Lines    of    Merchant    Ships:    Work    of    the    Load    Line    Committee    (1915). 

Sir  Philip  Watts.      (Paper  read  before  the  Inst,  of  Naval  Archts.)       (90)      Vol. 

58,    1916. 
Some  Questions  in  Connection  with  the  Work  of  the  Load  Line  Committee.*      W.   S. 

Abell.      (Paper  read  before  the   Inst,   of   Naval   Archts.)       (90)      Vol.    58,    1916. 
The   Laws   of    Skin    Friction    of    a    Fluid    in    Stream    Line   and    in    Turbulent    Motion 

Along    a    Solid    of    Great   Length.*      Charles    H.    Lees.      (Paper    read    before    the 

Inst,  of  Naval  Archts.)       (90)      Vol.  58,  1916. 
Skin  Friction  Resistance  of  Ships,  and  our  Useful  Knowledge  of  the  Subject.      G.  S. 

Baker.      (Paper  read  before  the  Inst,  of  Naval   Archts.)       (90)      Vol.   58,   1916. 
Experiments   to   Determine   the   Resistance  of   Bilge-Keels  to   Rolling.*      T.   B.   Abell. 

(Paper  read  before  the  Inst,  of  Naval  Archts.)       (90)      Vol.  58,  1916. 
An  Experimental   Tank   Reproducing  Wave  Motion.      G.   Russo.      (Paper    read   before 

the  Inst,  of  Naval  Archts.)       (90)      Vol.  58,  1916. 
Notes  from  a   Collision   Investigation.      John   Reid.      (Paper   read  before  the   Inst,   of 

Naval    Archts.)       (90)      Vol.    58,    1916. 
On  the  Co-Ordination  of  Propeller  Results.      J.  Denholm  Young.      (Paper  read  before 

the   In.st.   of    Naval   Archts.)       (90)'     Vol.    58,    1916. 
Strength    of    Watertight     Bulkheads.      J.     Foster     King.      (Paper     read     before     the 

Inst,  of  Naval  Archts.)       (90)      Vol.   58,   1916. 
Subdivision    of    Merchant    Vessels :    Reports    of    the    Bulkhead    Committee,    1912-15. 

Sir   Archibald    Denny.      (Paper    read   before   the   Inst,   of   Naval    Archts.)      (90) 

Vol.  58,  1916. 
Note  on  Maximum  Propulsive  Efficiency  of  Screw  Propellers.      T.  C.   Tobin.      (Paper 

read  before  the  Inst,  of  Naval  Archts.)       (90)      Vol.  58,  1916. 
Some    Effects    of    the    Bulkhead    Committee's    Reports     in     Practice.      A.     T.     Wall. 

(Paper  read  before  the  Inst,  of  Naval  Archts.)       (90)      Vol.  58,  1916. 
Shipyard  Cranes  of  the  Rotterdam  Dockyard   Company.      M.   G.   De  Gelder.      (Paper 

read    before    the    Inst,    of    Naval    Archts.)       (90)      Vol.    58,    1916. 
On   Cavitation:   a   Study  of  the   Screw-Propeller.*      C.   H.   Hoist.      (11)      Mar.    16. 
Naval  Coaling  Equipment  of  the  U.  S.  A.*      F.  G.  Warden-Stevens.      (57)      Mar.  16. 
Towing   a   Big   Naval   Vessel.*      Frank   A.    Stanley.      (72)      Mar.    29. 
The    Submarine.*      C.    H.    Bedell.       (55)      Apr. 
Dry  Dock  Characteristics  and  Design.      (86)      Apr.  25. 
The    "Multi-Tubular"    Submarine.*      Edward    Cerio.      (46)      Apr.    28. 
Le    Moteur    Unique    dans    la    Navigation    Sous-Marine.*      (33)      Mar.    31. 

Mechanical. 

A    Brief    Summary    of   the    Present    Position    of    the    Marine    Diesel    Engine    and    Its 

Possibilities.      W.   P.   Sillince.      (Paper  read   before  the   Inst,   of   Naval   Archts.) 

(90)      Vol.   58,    1916. 
Ball   Bearing  Assembling   and   Inspection   Methods.*      (72)      Jan.    4. 
Jigs  for  Making  Parts  of  an  Adding  Typewriter.*      Robert  Mawson.      (72)      Jan.  11. 
Cam  Layout  for  Brown  &   Sharpe  Automatics.*      Samuel  R.  Gerber.      (72)      Jan.  18. 
Critical  Speeds  of  Rotors  Resting  on  Two  Bearings.*      Walter  Rautenstrauch.      (72) 

Jan.    18. 
Operations  on  Sugar-Mill  Rolls.*      Frank  A.  Stanley.      (72)      Jan.  18. 
Making   Bronze    Bushings    in    Quantities.*      Ethan    Viall.      (72)      Jan.    25. 
Thermal   Decomposition   of  Low-Temperature  Coal   Tar.*      D.   Trevor  Jones.      (Paper 

read    before    the    Glasgow    Section    of    the    Soc.    of    Chemical    Industry.)       (66) 

Jan.    30. 
Measurement  of  the  Calorific  Power  of  Gas  :   Details  of  the  Official  Method  Used  by 

the    Paris    Municipality.*      (66)      Jan.    30. 

*  Illustrated. 
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Mechanical— (Continued). 

Some   Physico-chemical   Considerations  on   Benzol   Recovery   from  Coal-Gas.*      T.   F. 

E.  Rhead.      (Paper  read  before  Midland  Junior  Gas  Assoc.)       (66)   Jan.  30;   (12) 

Mar.  16. 
General  Course  of  an  Order  Through  a  Terra  Cotta  Plant.*     Herman  A.  Plusch.     (76) 

Jan.  30. 
The   Window   Glass   Machine.*      Robert   Linton.      (58)      Feb. 
Unusual     Dust-Collecting    Installation     (Polishing    plants).      John    L.    Alden.      (72) 

Feb.   1. 
Critical    Speeds    of    Rotors    Resting    on    Three    Bearings.*     Walter    Rautenstrauch. 

(72)      Feb.     1. 
Distillation    Process    in    the   Vertical    Retort.*      Investigations    by    Heeren    J.    N.    E. 

Teune  and   P.   J.   Kummel.      (66)      Serial   beginning  Feb.   6. 
Some    Physical    Properties    of    the    Two    Chief    Mineral    Constituents    of    Coke-Oven 

Bricks.      W.    G.   Fearnsides.      (66)      Feb.    6. 
Milling  the   Margin    Stop.*     Frank   A.    Stanley.      (72)      Feb.    8. 
Machining  Operations  on  a  Twelve-Cylinder   Automobile  Engine.*      Robert   Mawson. 

(72)      Feb.    8. 
Dryer  Details.*      A.  F.  Greaves-Walker.      (76)      Feb.  13. 
Testing    Molding    Plaster    and    Handling    Body    Clays.*     Herman    A.    Plusch.      (76) 

Feb.     13. 
Making  Dies  for  Typewriter  Type.*     Frank  A.   Stanley.      (72)      Feb.   15. 
Electric-Driven    Herringbone-Gear   Planer.*      (72)      Feb.    15. 
Oil-Washing  for  Benzene  and  Toluene     W.  G.  Adam.      (66)      Feb.  20. 
The  Possible   Partial   Substitution   of   Nitre  Cake   for   Sulphuric   Acid   in   the  Manu- 
facture   of    Sulphate    of    Ammonia.*     P.    Parrish.      (66)      Feb.    20. 
A  New  Method  of  Extracting  the  Vaporous  Constituents  from  Coal  Gas.*      R.  Lessing. 

(66)      Feb.    20. 
New    Methods    of    Measuring    Gas    Under    Varying    Conditions    of    Temperature    and 

Pressure.*     C.  M.   Walter  and   R.   G.   Marsh.      (Paper   read  before  the   Midland 

Junior  Gas  Assoc.)       (66)      Feb.   20. 
Heat-Treatment  of  Wrought-Iron  Chain  Cable  at  Boston  Navy  Yard.     F.  G.  Coburn. 

(72)      Feb.    22. 
Finding  Bla#k  Diameters  for  Drawn   Cups.*      P.   Baldus.      (62)      Mar. 
Shafting  and  Belting  for  Machine  Shops.*      Joseph  Horner.      (62)      Mar. 
Bending  Typewriter  Parts.*      Frank  A.  Stanley.      (72)      Mar.  1. 
Novel    Methods    Employed   to    Extract   Tubes    from    Saltwater    Condenser.*     Richard 

Emmett,  Jr.      (24)      Mar.  3. 
Blanking,  Piercing  and  Forming  Tools  for  a  Typewriter  Part.*     Frank  A.   Stanley. 

(72)      Mar.  8. 
Heat-Treating    Plant    of    the    New    Process    Gear    Corporation.*     E.    A.    Suverkrop. 

(72)      Serial   beginning  Mar.    8. 
Using    the    Electric    Welder    on    Parts    for    Automobiles.*     Robert    Mawson.      (72) 

Mar.  8  ;  Apr.  5. 
Introduction  of  By-Product  Oven  Has  Greatly  Widened  Field  of  Available  Coals  for 

Coking.*      W.   H.   Blauvelt.      (24)      Mar.    10. 
Methods    Followed    in    the    Manufacture    of    Carburetors.*     Robert    Mawson.      (72) 

Mar.    15. 
Steam   Turbines   for   Land   Purposes.*     H.   L.    Guy.      (Paper    read    before   the    Man- 
chester Assoc,  of  Engrs.)      (11)      Serial  beginning  Mar.  16. 
Lubrication  of  Steam  Turbines.*     T.  C.  Thomsen.      (12)      Serial  beginning  Mar.  16. 
Twist  Drill   Grooving  Machine.*      (11)      Mar.    16. 
Tar.      Reginald  Cross.      (Paper  read  before  the  Scottish  Junior  Gas  Assoc,  Western 

District.)      (66)      Mar.  20. 
Standardization  of  Airplane  Parts.     F.  G.  Diffln.      (72)      Mar.  22. 
Turning  Wheel  Fits  and  Journals,  Pennsylvania  R.  R.  Practice.*      (72)      Mar.  22. 
Precision  Grinding.      (From  paper  read  before   Manchester  Assoc,  of  Engrs.)       (12) 

March  23. 
Notes   on   Gas-Works   Practice   Under  War    Conditions.*      George    B.    Jones.      (Paper 

read  before  the  Midland  Junior  Gas  Assoc.)       (66)      Mar.  27. 
Broaches,   their  Design   and  Manufacture.*     W.   G.   Groocock.      (72)      Mar.    29. 
Special    Attachments    for   Making   Typewriter    Parts.*      (72)      Mar.    29. 
Aerial  Wire  Ropeways.*      J.   W.   White.      (Abstract  of  paper   read   before  the   South 

Wales  Inst,  of  Engrs.)       (57)      Mar.  30. 
The   Recovery  of  Benzol   from   Gas.*      F.   W.   Sperr.      (57)      Mar.    30. 
Further  Notes  on  Screw  Threads.*      W.  C.  Unwin.      (11)      Mar.  30. 
Would  Make  the  Selection  of  Domestic  Ranges  for  Sale  by  Gas  Company  Essentially 

an   Engineering  Proposition.*      W.   C.    Buttner.      (From   paper   read   before   Peo- 
ples Gas,  Light  &  Coke  Co.  of  Chicago.)       (24)      Mar.  31. 
New  Burner,  it  Is  Claimed,  Enables  Combustion  to  be  Completely  Localized.*      (24) 

Mar.    31. 
Forming  Tools  for  Shaping  Radiator  Rods.*      P.   Baldus.      (62)      Apr. 
Gearing   Development   through   Treatment.     W.   H.    Phillips.      (62)      Apr. 

*  Illustrated. 
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Mechanical— (Continued). 

Expediting  Travel  of  Worli  in  Forge  Shops.*      Charles  C.  Lynde.      (62)      Apr. 

New    Heavy    Press.*       (62)      Apr. 

Automatic  Profile  Shaper.*      (62)      Apr. 

By-Product    Coke   and   Coking    Operations.     C.    J.    Ramsburg    and    F.    W.    Sperr,    Jr. 

(3)      Apr. 
Pulverized  Coal  Plant  for  the  Santa  Fe.*      (25)      Apr. 
Bearing  Lubrication.*      Boynton   M.   Green.      (55)      Apr. 

Dynamic  Pressure  of  Submerged   Flat   Plates.*      Howard   E.   Stevens.      (55)      Apr. 
The    Pencil    Electrode   Method    of   Welding   for   Boiler    .Joints.*      E.    A.    Wildt.      (55) 

Apr. 
Probable  Requirements  in  Machine  Tools.*      A.   M.  Sosa.      (55)      Apr. 
Burning    Blast   Furnace  Gas   under   Boilers.      (58)      Apr. 
The    Possibilities    of    Smokeless    Operation    of    Heating    Furnaces    and    Soaking    Pits. 

(58)      Apr. 
Speed   Governors   for    Motor   Trucks.*      (60)      Apr. 

Reducing  Friction  by  Automatic  Lubrication.      J.  Wm.  Peterson.      (55)      Apr. 
The  Steam  Motor  Car.     Abner  Doble.      (55)      Apr. 

The  Mechanical  Development  of  Aviation.*      Neil  MacCoull.      (55 1      Apr. 
The  Steam  Tables  in  Fuel  Oil  Practice.*      Robert  Sibley.      (HI)      Apr.  1. 
Is   Not  Gas   Power  Cheaper  Than  Water  Power?      H.  G.  H.   Tarr.       (105)      Apr.   1. 
A  Glossary  of  Terms  Used  in  the  Rubber  Industry.     Frederic  Dannerth.    (105)    Apr.  1. 
Comparison  of  Operation  Results  at  Twenty  Gas  Plants.    Edward  H.  Taylor.    (Abstract 

of  paper  read  before  the  Illinois  Gas  Assoc.)       (83)      Apr.  2. 
Sparrows  Point  Gas-Engine  Plant.*      Julian  C.  Smallwood.      (64)      Apr.  3. 
Steam  Engineer's  License  Examination.*      H.  F.  Gauss.      (64)      Apr.  3. 
The  Design  of  Cut-Steel  Bushed  Roller-Chain  Drives.*      H.  R.  Connor.     (72)     Apr.  5. 
Economy  in  Hacksaw  Blades.      Frank  E.  Merriam.      (72)      Apr.  5. 
Producing  British  Screw  Gages.*      I.  W.  Chubb.      (72)      Apr.  .5. 
Machining  an  Aeroplane   Motor  Crank  Case.*      Fred  F.    Bowen.      (72)      Apr.   5. 
The   Use  of  Zirconia  as  a  Refractory   Material.      J.   A.   Audley.      (Abstract   of  paper 

read    before    the    Ceramic    Soc.)       (11)      Apr.    6. 
A  Caterpillar  Tractor.*      (12)      Apr.  6. 

Preventing  Air-Driven  Pumps  from  Freezing.*      James  Humes.      (16)      Apr.  7. 
Recent    Developments    in    the   Design    of    Hoisting    Engines.*      Frederick    W.    O'Neil. 

(16)      Apr.  7. 
Uses  and  Costs  of  Aerial  Tramways.*      William  C.  Kuhn.      (16)      Apr.   7. 
Welding  by  the  Electric  Arc  Process.*      (18)      Apr.   7. 
Use  of  Mine  Water  as  Boiler  F'eed.      Edwin  M.  Chance.      (45)      Apr.  7. 
Gas  for  Heating  Galvanizing  Baths  Meets  Coke  Fuel  Cost.*      William  J.   Harris.   Jr. 

(24)      Apr.  7. 
Construction    and   Operation   of   a    36-Ft.    Round   Face   Brick   Kiln.*      T.    N.    McVay. 

(76)      Apr.  10. 
Heat  Balance  of  an  Absorption  Plant.*      Julian  C.   Smallwood.      (64)      Apr.   10. 
Energy  Stored  in  a  Boiler  Under  Pressure.*      F.  R.  Low.      (64)      Apr.  10. 
Condenser  Efflciences.*      H.  O'Neill.       (64)       Apr.   10. 

Steam-Engine  Troubles — Valve  Setting.*      H.   Hamkens.      (64)      Apr.   10. 
Utilization  of  Low-Grade  Fuels.*      John  W.  Cobb.      (Paper  read  before  the  Coke-Oven 

Managers'  Assoc.)       (66)      Apr.  10. 
Screw  Thread  Measurement.*      (Abstract  of  paper  read  before  the  Lfverpool  Eng  Soc  ) 

(20)      Apr.  12. 
Efflciency  of  Waste-Heat  Boilers.*      H.  A.  Reichenbach.      (20)      Apr.  12. 
Time  Studies  on  Automatic  Machines.*      Dwight  V.  Merrick.      (72)      Apr.   12. 
An    Unusual    Metal    Pattern    for    a    Typewriter    Frame.*      Frank    A.    Stanley.      (72) 

Apr.  12. 
Electric   Trucks — A  Remedy  for  Terminal   Freight  Congestion.*      (27)      Apr.    14. 
Overcoming  Difficulties  with  Aerial  Cable.*      E.  B.  Meyer.      (27)      Apr.  14. 
Methods  for  Handling  Coal  and  Ashes  ;  Typical  Equipments  are  Those  in  the  Power 

Plants  of  the  Norfolk  &  Western  Railway,   the  Springfield    (Mass.)    Street   Rail- 
way and  the  Buffalo  General  Electric  Company.*      (17)      Apr.  14. 
Laying  a   Submarine  Gas   Main    in   Winter.*      A.   F.   Davy.      (Paper   read   before   the 

Wisconsin  Gas  Assoc.)       (83)      Apr.  16. 
Natural-Gas  Pumping  Station  at  Roystone.*      Harold  B.  Bernard.      (64)      Apr.  17. 
Handling  Ashes  at  Steel  Plants.*      Herbert  E.  Birch.      (20)      Apr.  19. 
Design  of  Key  way  Broaches.*      Walter  G.  Groocock.      (72)      Apr.  19. 
Electric-Welding    in   the    Manufacture    of    a    Safe-Cabinet.*      Robert    Mawson       (72) 

Apr.  19. 
Machine  Operations  in  the  Panama  Canal  Shop.*      (72)      Apr.  19. 
Charts  for  Broach  Design.*      L.  A.  Williams.      (72)      Apr.  19. 
Suggestions   Relative  to   the  Manufacture  of  Parts  to   Limit.*      F.   H.   Bogart       (72) 

Apr.  19. 
American  Aircraft  Development.*      Fred  H.  Colvin.      (72)      Apr.  19. 

*  Illustrated. 


May,  1917.]  CURRENT   ENGINEERING    LITERATURE  379 

Mechanical— (Continued). 

Gives  Results  Obtained  with  Twenty-three  Kinds  of  Gas  Coals  in  Seven  Types  of  Car- 
bonization Plants.      (24)      Apr.  21. 

The  Bali-Bearing  Tractor.*      (46)      Apr.  21. 

Fort  Wayne  Municipal  Plant.*      Thomas  Wilson.      (64)      Apr.  24. 

Terra  Cotta  Laboratory  Layout  and  a  Discussion  of  Glaze  Troubles.*  Herman  A. 
Plusch.      (76)      Apr.  24. 

New  Electric  Steel  Plant  and  Rolling  Mill.*      (20)      Apr.  26. 

Manufacturing  1000  Mufflers  a  Day.*      (72)      Apr.  26. 

Methods  Used  in  Manufacturing  Small  Electric  Motors.  Robert  Mawson.  (72) 
Apr.  26. 

Press  Tools  for  Typewriter  Key  Levers.*      Prank  A.  Stanley.      (72)      Apr.  26. 

Design  of  Spline  Broaches.*      Walter  G.  Groocock.      (72)      Apr.  26. 

Battery  Exchange  Service  at  Hartford.*      (27)      Apr.  28. 

The  Zinc  Works  Pottery.     Edward  Mackay  Johnson.      (105)      May  1. 

La  Sollicitation  a  la  Flexion  des  Cables  Porteurs  dans  les  Transports  Aeriens. 
Goupil.      (43)      Nov.,  1916. 

Les  Transports  par  Cables  Aeriens.     Levy-Lambert.      (92)      Jan. 

Le  Forgeage  Mecanique  des  Grosses  Chaines  *      (33)      Mar.  17. 

Le  Sechage  des  Pommes  de  Terre.*      Ch.  Dantin.      (33)      Mar.  17. 

La  Lime,   Etude  du   Rendement   et   Nouveau   Precede  d'Essai.*      (33)      Mar.   31. 

Metallurgical. 

Blast  Furnace  and  Steel  Mill  Power  Plants.*      Richard  H.  Rice  and  Sanford  A.  Moss. 

(58)      Mar. 
Effect  of  Time  Factor   in  Heating   Steels.*      Carle   R.    Hay  ward   and   S.   S.   Raymond. 

(62)      Mar. 
Cost  for  Fuel  to  Smelt  and  Assay  Over  a  Million  Dollars  Worth  of  Gold  and  Silver 

Ore,  Using  Gas,  is  $225.*      C.  E.  Gray.      (24)      Mar.  3. 
Blast  Furnace  the  Ideal  Appliance  for  Making  Hard  Candies.*     Gilbert  C.  Shadwell. 

(24)      Mar.  10. 
Economy   of   Gas    as    Carburizing   Agent    in    Case    Hardening   of    Small    Pieces    Has 

Been  Demonstrated.      (24)      Mar.  10. 
Rate    and    Ultimate    Temperature    of    Heating    and    Methods    of    Cooling    Important 

Operations  in  Steel  Hardening.     W.  A.  Ehlers.      (From  Bulletin  of  the  National 

Commercial  Gas  Assoc.)       (24)      Mar.  17. 
Tube-Mill  Practice  in  Rhodesia.*     A.  W.  Allen.      (16)      Mar.  17. 
On  an  Electric  Resistance  Furnace  for  Melting  in  Crucibles.*      H.  C.  Greenwood  and 

R.  S.  Hutton.      (Paper  read  before  the  Institute  of  Metals.)      (11)      Mar.  23. 
Metal  Melting  in  a  Simple  Crude-Oil  Furnace.*     H.  S.  Primrose.      (Paper  read  before 

the  Institute  of  Metals.)      (11)      Mar.  23. 
Analysis  of  Aluminum  Dust.     J.  E.  Clennell.      (16)      Mar.  24. 
Metal  Melting  as  Practised  at  the  Royal  Mint.*      W.  J.  Hocking.      (Paper  read  before 

the  Inst,  of  Metals.)       (II)      Mar.  30. 
Accurate    Silica     D^ermination     in     Commercial     Analysis.      F.     G.     Hawley.      (16) 

Mar.  31. 
The  Alaska  Juneau  Mill.*      (16)      Mar.  31. 
Air  Drying  for  Blast  Furnaces.     Leon  Cammen.      (58)      Apr. 
Metallic  Alloys,  with  Particular  Reference  to  Brass  and  Bronze.*      William  M.  Corse. 

(55)      Apr. 
Notes    and    Experiments    Pertaining    to    the    Metallurgy    of    Zinc.      Edward    Mackay 

Johnson.      (105)      Apr.    1. 
A  Comparison  System  for  Determining  and  Standardizing  the  Grain  Size  of  Annealed 

Brass.*      Geo.  A.  Miller,  Jr.      (105)      Apr.  1. 
The  Cementation  of  Iron  and  Steel.*      Ernest  Edgar  Thum.      (105)      Apr.  1. 
Phosphorus   in    Steel :    Its   Determination   by    a   New   Method   Using   an    Ammoniacal 

Water  Solution  of  Molybdate.     Charles  M.  Johnson.      (20)      Apr.  5. 
Brass  Manufacture  in   a  Modern  Plant.*      W.  F.  Freeland.      (20)      Apr.   5. 
Surface  Combustion  Used  in  Galvanizing.*      William  J.  Harris,  Jr.      (20)      Apr.  5. 
New  Design  Bar  Mill  at  Youngstown.*      (20)      Apr.  5. 
Alloys  of  the  Non-Ferrous  Metals.*      W.  M.  Corse  and  G.  F.  Comstock.      (Abstract  of 

paper  read  before  the  Steel  Treating  Research  Club  of  Detroit.)       (20)      Apr.  5. 
Metal  Melting  by  Means  of  High-Pressure  Gas.*      C.  M.  Walter.      (Paper  read  before 

the  Inst,  of  Metals.)       (11)      Apr.  6. 
Sulphur  Di-Oxide  as  a  Flotative  Agent.*      (103)      Apr.  7. 
The  Disposal  of  Flotation  Products.*      Robert  S.  Lewis.      (103)      Apr.  7. 
American  Steel  Slags  and  Their  Uses.      Edwin  P.  Cone.   "  (20)      Apr.   12. 
Influence  of  Gases  in  Cast  Metal.*      J.  E.  Fletcher.      (Abstract  of  paper  read  before 

the  Birmingham  Branch  of  the  British   Foundrymen's   Assoc.)       (47)      Apr.    13. 
Aluminum-Dust  Precipitation  Tests.      P.  H.  Crawford.      (103)      Apr.  14. 
Tempering  of  Steel  by  Oil  Bath  Insures  Uniform  Heating  with  no  Chance  to  Overheat. 

(24)      Apr.  14. 
Hydraulic  Flotation   Machine.*      Arthur  Crowfoot.      (16)      Apr.   14. 

•  Illustrated. 
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Metallurgical— I  Continued  i. 

Exfoliation   and   Carbon   Concentration    in   the   Case-Hardening  of    Steel.*      Edwin    P. 

Stenger.      (105)      Apr.  15. 
Some  Studies  on  the  Methods  of  Recovering  Antimony  from  Its  Ores  by  Volatilization 

Processes.*      J.  A.  DeCew.      (105)      Apr.  15. 
Bearing  Bronzes  and  the  Microscope.*      C.   H.  Bierbaiim  and  Verne  Skillman.      (20) 

Apr.  19. 
New  Electric  Steel  Plant  and  Rolling  Mill.*      (20)      Apr.   26. 
An  Improved  System  of  Classification.*      James  M.  Hyde.      (103)      Apr.  28. 

Military. 

New  Process  of  Hydraulic  Shell  Drawing.*      G.  R.  Smith.      (72)      .Tan.  4. 
Information  Concerning  Appointments  in  the  Engineer  Officers'  Reserve  Corps,  U.  S. 

Army.      (4)      Mar. 
United   States   Munitions,   the  3-In.    Common   Shrapnel.      (72)      Mar.   1. 
The    German    42-Cm.    Howitzer.      (From    the    Journal    of    United    States    Artillery.) 

(11)      Mar.  16. 
United  States  3-In.  Common   Shell.*      (72)      Mar.   22. 
Gun  versus  Armor:  Will  Long-Range,   Big-Gun   Attack   Call   for  a   Redistribution   of 

Armor?*      J.  Bernard  Walker.      (46)      Apr.  7. 
Ammunition  for  American  Merchantmen.*      A.  G.  Dibrell.      (72)      Apr.  12. 
The  Non-Recoil  Gun.*      (19)      Apr.  21. 

Car-Mounted  Gun  Reduces  Coast  Defense  to  Engineering  Problem.*      (13)      Apr.  26. 
A  Method  of  Machining  the  "85"  Fuse  Body.*      F.  H.  Bogart.      (72)      Apr.  26. 
The   "Multi-Tubular"   Submarine.*      Edward   Cerio.      (46)      Apr.   28. 
Organization  and  Training  of  the  New  Armies.*      (44)      May-.Tune. 
La  Fabrication  des  Obus  de  Gros  Calibre  en  Acier  aux  Etats-Unis.*      (33)      Mar.  24. 

Mining. 

Whitehaven  Colliery  Company's  Development.*      (221      Mar.  16. 

New  East  Rand  Mines.      A.  Cooper  Key.      (16)      Mar.  17. 

Preliminary  Report  of  the  Mineral  Production  of  Canada  for  1916.      (16)      Mar.   17. 

New  Work  of  the  Bureau  of  Mines.*      (16)      Mar.  17. 

Refrigeration    and    Its    Application    to    Mining.     Andrew    D.    Brydon.      (Paper    read 

before  the  National  Assoc,  of  Colliery  Mgrs.)       (22)      Mar.  23. 
Comparison  of  Electric  Winding  Systems.      S.  E.  T.  Ewing.      (Abstract  of  paper  read 

before  the  South  African  Inst,  of  Elec.  Engrs.)       (57)      Mar.  23. 
Collieries    and    Coking   Plant   at    the    Dacazeville    Iron   Works.*      M.    Leveque.      (57) 

Mar.  23. 
Explosion  at  the  Reserve  Mine.  Nanaimo,  B.  C*      James  Ashworth.      (57)      Mar.  23. 
The  Dairy  Farm  Mine,  California.*      J.  E,  Harding.      (16)      Mar.  24. 
Mining  Laws  of  Brazil.      Henry  Thomas.      (16)      Mar.  24. 
Unwatering  Projects  at  Leadville.*      Arthur  J.  Hoskin.      (16)      Mar.  24. 
Winter  Grinding  and  Screening  :  Ideas  on  a  Subject  of  Wide  Interest,  Gained  Where 

the  Frost  King   Labors  Long   and  Hard.*      Ernest  W.   Knapp.      (76)      Mar.   27. 
Hydraulic    Decking    Plant    at    the    Great    Western    Colliery    Company's    Cwm.    Pit.* 

T.  Campbell  Futers.      (57)      Mar.  30. 
Nevada's  Latest  Gold  District.*      Fred  J.   Siebert.      (103)      Mar.   31. 
Tin  and  Tungsten  in  South  Dakota.*      John  Bland.      (103)      Mar.  31. 
Saving  a  Shrinkage   Stope  by  an  Electric   Blast.*      S.   Ford   Eaton.      (16)      Mar.   31. 
Unwatering  an  Inclined  Shaft.*      James  E.  Harding.      (16)      Mar.  31. 
The  Lordsburg  District,   New  Mexico.*      Faris  V.   Bush.      (16)      Mar.   31. 
Nitro-Starch  as  an  Explosive.*      S.  S.  Sadtler.      (105)      Apr.  1. 
Electrification  of  a  Group  of  Collieries.*      Harold  Green.      (22)      Apr.  6. 
The  Raising  of  Coal  from  Vertical  Shafts.      Hugh  Bramwell.      (22)      Apr.  6. 
Losses   Incident  to  the  Caving  of  Orebodies.*      R.   G.   Sampson.      (103)      Apr.   7. 
Development  in   Safety  Lamps.*      James   Ashworth.      (45)      Apr.   7. 
The  Design  of  Headframes.*      Floyd  L.  Burr.      (16)      Apr.  7. 
Successful  Electrical  Installations.*      C.  L.  Packard.      (45)      Apr.  7. 
The  United  Verde  Underground  Hoist.*      T.  D.  Hawkins.      (16)      Apr.  7. 
Loading  Pocket  in  Burra  Burra  Mine.*      Walter  R.  Hodge.      (16)      Apr.   7. 
The    Testing    and    Application    of    Hanmer    Drills.*      Benjamin    F.    Tillson.      (Paper 

read  before  the  Am.  Institute  of  Min.  Engrs.)       (16)      Apr.  7. 
Underground  Traming.*      David  B.  Scott.      (16)      Apr.   7. 

Underground  Churn   Drilling  at  Old  Dominion.*      Guy  N.  Bjorge.      (16)      Apr.   7. 
Mine-Pumping  Equipment.*      Whitman   Symmes.      (16)      Apr.   7. 
Mining  Methods  Illustrated  in  Miniature.*      W.  R.  Crane.      (16)      Apr.   7. 
Recording  of  Accidents,  and  Safety  Measures  Employed  by  the  New  Jersey  Zinc  Co.* 

Benjamin  F.  Tillson.      (16)      Apr.  7. 
Methods  of  Underground  Metal  Mining.*      F.  W.   Sperr.       (16)      Apr.   7. 
The  Coronado  Top-Slicing  Method.*      Peter  B.   Scotland.      (16)      Apr.   7. 
Winding  Systems  in  Mines.      (27)      Apr.  7. 
.\n  Improved  Coal  Drill.*      (45)      Apr.  7. 

*  Illustrated. 
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Mining— '(Continued^. 

New  Gathering  Pump.*      (45)      Apr.  7. 

Luck  and  Accuracy  in  Borehole  Location.*      L.  Netland.      (45)      Apr.  7. 

Large  Electric  Hoist.*      (45)      Apr.  7. 

Blue  Diamond  Coal  Co.'s  Plant  at  Cardiff,  Ky.*      H.  Reisser.      (45)      Apr.   7. 

A  Successful  Gasoline  Locomotive.*      (45)      Apr.  7. 

Ramsay  Mine-Run  Sampler.*      H.  S.  Grismer.      (45)      Apr.  7. 

Successful  Colliery  Management.*      H.  M,  Crankshaw.      (45)      Apr.  7. 

Reconstruction  of  the  Benham  Tipple.*      H.  B.  Cooley.      (45)      Apr.  14. 

Yampa  Coal  Field  in  Colorado.*      F.  W.  "Whiteside.      (45)      Apr.  14. 

Ventilation  in  the  Rincon  Mine.*      Blarney  Stevens.      (103)      Apr.  14. 

Gold  Dredging  in  Tierra  del  Fuego.*      Lyman  Chatfield.      (16)      Apr.  14. 

Methods  of  Mining  Big  Orebodies.*      Robert  A.  Kinzie.      (103)      Apr.  21. 

A   Narrow-Gage  Alternating  Current   Mine  Locomotive.*      Rudolph   W.   Van   Norden. 

(16)      Apr.  21. 
Clay  County  Graphite  District  of  Alabama.*     Irving  Herr.      (16)      Apr.  21. 
Economics    of    Grade    Revision    for    Underground    Haulage.*      R.    D.    Brown.      (45) 

Apr.  21. 
Longwall  Mining  at  Steubenville,   Ohio.*      Wilbur  G.   Burroughs.      (45)      Apr.   21. 
Grade  Revision  of  Underground  Roads.*      R.  D.  Brown.      (45)      Apr.  28. 
Le     Gisement     de    Mineral     der    Fer    Lorrain ;     Etude    Miniere     et     Metallurgique.* 

J.  Tribot-Laspiere.      (33)      Apr.  7. 

IVliscellaneous. 

Correction    of    Thermometers    in    the    Determination    of    foiling    Points.*      Kenneth 

Norton.      (66)      Jan.    16. 
Time  Studies   for  Rate  Setting  as  Originated  by  Dr.  F.  W.  Taylor.     Carl   G.   Barth. 

(72)      Feb.   1. 
Object  and  Method  of  Taking  Time  Studies  for  Rate  Setting.*      Dwight  V.   Merrick. 

(72)      Feb.    8. 
Production    Time    Studies    to    Check    Rates    and    Operations.*      Dwight    V.    Merrick. 

(72)      Feb.   15. 
Relation  of   Public  Utilities  to  the  Public.     W.  W.   Freeman.      (4)      Mar. 
Industrial    Democracy   with    Particular    Reference   to    the    Relation   between    Capital 

and    Labor.      George   Weston.      (4)      Mar. 
Organizing    a    Time-Study    Department.*      Dwight   V.    Merrick.      (72)      Mar.    8. 
Fertilisers  and  Their  Sunply  in  War  Time.      John  Augustus  Voelcker.     (29)     Mar.  16. 
Office  Routine  and  the  Planning   System.*      H.   C.   Brumbaugh.      (17)      Mar.    17. 
Regulating  Materials  and  Supplies.*      B.   J.  Yungbluth.      (17)      Mar.   17. 
Technical   School   Buildings:   Their  Accommodation   and   Equipment.    (104)    Mar.   23. 
Cultivation  of  Lands  Order,  1916.      Reginald  Brown.      (104)      Mar.  30. 
The    Organic    Nitrogen    Compounds    of    Soils    and    Fertilizers.     Elbert    C.    Lathrop. 

(3)      Apr. 
Graphical   Control  on  the  Exception   Principle   for   Executives.*      Frank   B.   Gilbreth. 

(55)      Apr. 
The  Schmidt  Market  Ammonia  Explosion.      George  P.   Carroll.      (64)      Apr.   3. 
A  Handy  Chart  for  Weighing  Excavated  Materials.*      (96)      Apr.  12. 
Engineering  Methods  Must  Replace  Paternalism  in  the  Handling  of  Labor.      Frances 

A.  Kellor.,     (13)      Apr.    12. 

The  Fuels  of  Texas.     A.    C.    Scott.      (45)      Apr.    14. 

Central  Control  of  Production  Methods.      Francis  J.   G.   Reuter.      (72)      Apr.   19. 

American   Sources  of  Nitrogen.*      Thomas  H.   Norton.      (46)      Apr.   21. 

The   Problem   of  the  Crippled   Soldier,   How  to    Put  Him   on   the    Pay   Roll.*      Frank 

B.  Gilbreth   and   Lillian    M.   Gilbreth.      (19)      Apr.    28. 
Mechanical  Aids   in   Accounting.*      A.   G.   Schwenke.      (17)      Apr.   28. 
Benzene,   Toluene   and  Xylene  from   Petroleum.      Gustav   Egloff.      (105)      May   1. 
Synthetic    Rubber.*      Andrew    H.    King.      (105)      May    1. 

Effusion    Method    of    Determining    Gas    Density.*      Junius    David    Edwards.      (105) 

May   1. 
La   Reeducation   Professionnelle  des   Mutiles   de   Guerre.*      Amar.      (92)      Jan. 
Le   Porte-Outils   Jullien   Destine   aux   Mutiles  d'un   Bras.*      Max    Ringelmann.      (92) 

Jan. 

Municipal. 

Influencing  Suburban  Communities  to  Adopt  Gas  for  Street  Lighting  by  Dwelling 
Upon   Its    Convenience    for   Domestic   Purposes.*      (24)      Mar.    3. 

Street  Cleansing  Methods:  Halifax  Corporation  and  the  Question  of  Control.  (104) 
Mar.    16. 

The   Control    of   Street   Architecture.      (104)      Mar.    16. 

Lay  6-In.  Gas  Main  Across  Frozen  River  at  Total  Cost  of  Two  Hundred  Forty- 
seven  and  One-half  Dollars.*  (Abstract  of  paper  read  at  Annual  Meeting  of 
Wisconsin    Gas    Assoc.)       (24)      Mar.    24. 

Poor  Lighting  Promotes  Public  Ownership.      C.  E.  Clewell.      (27)      Apr.  7. 

*  Illustrated. 
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Railroads. 

An   Uptodate   Wheel   Shop.*      Frank   A.    Stanley.      (72)      Jan.   4. 

Wheel-Shop    Dismounting    Press.*      Frank   A.    Stanley.      (72)      Jan.    11. 

Axle  Work   in   a  Railroad   Shop.*      Frank  A.   Stanley.      (72)      Jan.    25. 

Recent    American    Heavy    Goods    Locomotives.*       (12)      Mar.    16. 

The  Value  of  Standards  to  the  Railway  Industry.      A.  L.  Broomall.      (17)      Mar.  17. 

Motor   Maintenance   at    Providence.*      (17)      Mar.    17. 

Dump  Cars  Save   $1600   per  Mile.*      C.   H.   Clark.      (17)      Mar.   17. 

Killing   Weeds   by    Chemical    Treatment.*      (17)      Mar.    24. 

New    Passenger   Tank   Engines   for  the   North    Staffordshire    Railway.*      (12)      Mar. 

30. 
Handling  Freight  on   a   Southern   Line.*      T.   G.   Brabston.      (17)      Mar.    31. 
Track   and   Roadway.      W.   F.    Carr.      (Abstract   of   paper   read   before   the   111.    Elec. 

Ry.    Assoc.)       (17)      Mar.    31. 
What  are  Fair  Rates   of  Return?     Halford   Erickson.      (17)      Mar.   31. 
Fire   Protection,   Inspection   and   Signalling   in   the   Southern   Pacific's   Snowshed   Dis- 
trict.*     (18)      Mar.  31. 
Export  Shipment  of  Heavy  Electric  Locomotives.*      (18)      Mar.  31. 
Reinforcing   Freight  Car  Draft   Sills.*      Lewis   K.    Sillcox.      (Abstract  of   paper   read 

before  the  Car  Foreman's  Assoc,  of  Chicago.)       (25)      Apr. 
The  Design  of  Movable  Point  Crossings.*      H.  F.  Heyl.      (87)      Apr. 
Perforating  Ties  before  Treatment.*      O.  P.  M.  Goss.      (87)      Apr. 
Training  Maintenance  of  Way  Men.      F.  W.  Thomas.      (87)      Apr. 
Recent  Patents  Relating  to  Railways.*      (21)      Apr. 

Signalling  Practice  on  the  New  South  Wales  Government  Railways.      (21)     -Apr. 
Electrical    Equipment    Repair    Shops :      Description    of    the    Facilities    for    the    New 

Haven    at    Van    Nest,    N.    Y.,    for    Handling    Electrical    Rolling    Stock.*       (25) 

Apr. 
Modern  Railway  Shop  Lighting.*      (25)      Apr. 

Pennsylvania  Locomotive  Tests.*      Andrew  C.  Loudon.      (25)      Apr. 
Spanish  Passenger  Locomotives.*      (25)  Apr.;   (15)  Apr.  13;   (18)  Apr.  7. 
Pennsylvania   85-Ton   Hopper  Cars  :    An  All-Steel  Coal  Car  Having  a  Light  Weight 

of  60  000  Lb.  and  3  228  Cu.  Ft.  Gross  Cubical  Capacity.      (25)      Apr. 
Electrification    of   the   Norfolk   &   Western    Railway    Company.     C.    H.    Quinn.      (65) 

Apr. 
Operating   Results   from   the   Trunk   Line   Electrification   of   the   Chicago,    Milwaukee 

&  St.   Paul   Railway.*      R.  Beeuwkes.      (Paper  read  before  the  New  York  R.   R. 

Club.)       (25)      Apr. 
Placing    Screw    Spikes    with    Pneumatic    Drills.*      (15)      Apr.    6. 
Electric  Arc  Welding  in  the  Pennsylvania  Railroad  Shops.*      Robert  Mawson.      (72) 

Apr.   12. 
McClellon    Water-Tube    Firebox.*      (15)      Apr.    13. 
Railways  at  the  Service  of  the  Government.*      (15)      Apr.  13. 
The   Grade   Separation   Problem   at   Syracuse.*      (15)      Apr.    13. 
Weble    Automatic   Train    Stop.*      (15)      Apr.    13. 
New  Carhouse  and   Station   in   Milwaukee.*      (17)      Apr.  14. 

Two-Car   Trains    for    Suburban-Interurban    Service.*      H.    S.    Reed.      (17)      Apr.    14. 
Electric   Locomotives    more   Costly    to    Maintain.      (13)      Apr.    19. 
Transverse    Fissures    in    Rails.*      Geo.    W.    Dress.      (20)      Apr.    19. 
West  Penn  Shops  and  Shop  Methods.*      Daniel  Durie.      (17)      Apr.  21. 
D.  U.  R.  Begins  Construction  of  New  Freight  Terminal.*      (17)      Apr.  21. 
Truck  Equalization.*      S.  A.  Bullock.      (17)      Apr.  21. 

Unit-Construction    Canopies    are    Built    on    Curve.*      G.    E.    Quick.      (13)      Apr.    26. 
Common  Labor  Hard  to  Hold  on  Job  of  Track  Elevation,   Rock  Island  Finds.      (13) 

Apr.    26. 
Special    Cars    and    Heavy    Forms    Used    to    Reline    Tunnel    Between    Trains.*      (13) 

Apr.    26. 
Signal   Tramps  with  Reflectors.*      (15)      Apr.  27. 
Heavy  Locomotives  for  the  Lehigh  Valley.*      (15)      Apr.   27. 
An  All-Ingot  Test  for  Steel  Rails.      Geo.  F.  Hand.      (15)      Apr.  27. 
Reducing    Load    vs.    Raising    Yield    Point    as    Rail    Corrugation    Cure.*      Henry    M 

Sayers.      (17)      Apr.    28. 
Organization    of    the    West    Penn    Railways.*      (17)      Apr.    28. 
Report    on    Pere    Marquette    and    Cincinnati,    Hamilton    &    Dayton    Railway    Systems 

by   the  Interstate  Commerce  Commission.*      (18)      Apr.   28. 
Reclamation    in    the    Track    and    Mechanical    Departments    of    the    Chicago    Great 

Western   Ry.*      (18)      Apr.   23. 
Les   Chemins    de   Fer    Chinois,    le    Programme    du    Gouvernement    Chinois    pour    leur 

Developpement.*      A.-J.-H.   Charignon.      (32)      Dec,   1916. 
Les  Tarifs   des   Chemins  de  Fer   Frangais   Necessite  de   les   Augmenter.*      P.   Mallet 

(33)      Mar.  24. 
Der     Werhselstrom-Transformator     in     der     elektrischen     Traktion.*      W      Kummer 

.  107i      Mar.   10. 
Die   Drahtseilbahn   Treib-Seelisberg.*      H.   H.   Peter.      (107)      Serial   beginning   Mar 

17. 

*  Illustrated. 
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Railroads,  Street. 

Maintenance  of  Overhead  on  the  Westchester.*      (17)      Mar.  17. 

Analysis   of  Track   Maintenance   Costs.*      R.   C.    Cram.      (17)      Mar.    17. 

Economic   Aspects   of  Franchises.      P.   W.    Doolittle.      (17)      Mar.    17. 

Maintaining    Substation    Efficiency.      D.    E.    Grouse.      (17)      Mar.    24. 

Standardizing    Car- Yard    Layouts    in    Detroit.*      (17)      Mar.    24. 

Making  a  Traffic   Survey   for  Workers.*      (17)      Mar.   31. 

Cincinnati's    Rapid-Transit    Ordinance.*      (17)      Apr.    7. 

Changing  the   Fare  Collection    System   Complete   Over   Night.*      (17)      Apr.    7. 

Analyses  of  P.   R.  T.   Proposal.*      (17)      Apr.   7. 

Progress  on  the  Boston  Subway.*      (18)      Apr.  14. 

Chicago  Traffic,  Value  and  Finances  ;  Methods  used  by  Traction  and  Subway  Com- 
mission in  Checking  Travel  for  Unified  System  :  Cost  and  Present  Value  of 
Elevated  Lines;    Summary   of  Financial   Plan.*      (17)      Apr.   14. 

Third   Unit   Added   to   Detroit   United   Shops.*      (17)      Apr.    14. 

Car   Overhand   on   Curves.*      S.   L.   Foster.      (17)      Apr.   21. 

Roads  and  Pavements. 

Old   Macadam   of  Little   Value   as   a   Base   for   Concrete   Pavement.*      D.   A.   Thomas. 

(13)      Mar.    1. 
Tractive   Resistance  on  Various  Road   Surfaces.*      (60)      Apr. 
The  Treatment  of  Wood  Paving  Blocks.*      C.  H.  Teesdale.      (60)      Apr. 
The   Construction    of   Asphalt   Pavements.*      (60)      Apr. 
Standard  Pavements  for  Los  Angeles,  Cal.      (86)      Apr.  4. 
Broken   Stone  and   Concrete  Foundations   for  Pavements.*      (86)      Apr.   4. 
Notes  on  the  Maintenance  of  Gravel  and  Macadam  Roads.      (86)      Apr.  4. 
Method  and  Cost  of  Grading  and  Constructing  Sidewalks  for  a  Tract  Improvement.* 

E.  B.  Glass.      (86)      Apr.  4. 
Methods  and  Cost  of  Screening  and  Washing  Gravel  for  Country  Road  Construction. 

(86)      Apr.   4. 
Connecticut   Method  of   Maintaining   Concrete   Roads.      (86)      Apr.    4. 
Methods   and    Cost   of   Cheaply   Scarifying   and    Resurfacing   Macadam.*      Halbert    P. 

Gillette.      (86)      Apr.    4. 
Best    Practice    in    Concrete    Road    Construction.      H.    E.    Breed.      (Abstract   of    paper 

read  before  Am.  Road  Builder's  Assoc.)       (96)      Apr.  5. 
Best    Practice    in    Wood    Block    Pavements.      Ellis    R.    Dutton.      (Paper    read    before 

Am.   Road   Builders'   Assoc.)       (96)      Apr.    5. 
Dust    Preventatives    and    Bituminous    Binders.*      G.    Cameron    Parker.      (Paper    read 

before  Third  Annual  Conference  on  Road  Construction.)       (96)      Apr.  .5. 
Profit    or    Loss    in    Hauling    Road-Building    Material,    a    Discussion    of    the    Relative 

Merits    of    Teams,    Tractors,    Motor    Trucks    and    Industrial    Railways.     A.    D. 

Thompson.      (13)    -Apr.    12. 
Transportation   of  Materials.*      George  Hogarth.      (Paper  read  before  Third  Annual 

Conference  on   Road  Construction.)       (96)      Apr.  12. 
Procedure  for   Highway  Lighting   Districts.      E.    B.    Walthall.      (Ill)      Apr.   15. 
The    Contract    and     Specification    for    Paving.      Charles    A.     Mullen.      (Paper     read 

before  the  Dominion   Good  Roads   Congress.)       (96)      Apr.   19. 
Cement  Concrete  Roads  and   Pavements.     T.  Harry  Jones.      (Abstract  of  paper  read 

before   the   Dominion   Good    Roads   Congress.)       (96)      Apr.    19. 
Bituminous  Macadam  Roads.     Wm.   B.   Sohier.      (Abstract  of  paper  read  before  the 

Dominion  Good  Roads  Congress.)       (96)      Apr.   19. 
Tunnel    Under   Hudson    Designed   for  Vehicular   Traffic,    Engineers    Recommend   that 

Tube  between  New  York  and  New  Jersey  be  Built  by  Floating  Sections  to  Place 

and    Sinking.*      (13)      Apr.    19. 
Broken  Old  Concrete  as  Aggregate  for  New  Paving  Foundation.      Clark  R.  Mandigo. 

(13)      Apr.   19. 
Monolithic  Brick  Pavement  Tried  in  the  Northwest.     A.  P.  Denton.      (13)      Apr.  19. 
Unique   Method  of  Handling  Hot  Oil  on  Maintenance   Work.     H.   M.   Lukens.      (13) 

Apr.   26. 
Weekly   Report  Forms   Simplify  Highway   Eng-ineers'   Work.      M.   W.  Watson.      (13) 

Apr.   26. 
Road  Construction  Costs  Lowered  by  Close  Attention  to  Details.*      Lester  H.  Morris. 

(13)      Apr.   26. 
How  Much  Water  Should  be  Used  in  Road  Concrete?*      (13)      Apr.  26. 
Tests    Show    What    Parts    of    City    Streets    are    Used    by    Traffic*      H.    T.    Hutchins 

(13)      Apr.    26. 
Correction    of    Alignments    and    Grades    in    Existing    Highways.      A.    Eraser.      (96) 

Apr.  26. 
Road    Oils    and    Tars.      Arthur    H.    Blanchard.      (Paper    read    before    the    Can.    and 

Inter.    Roads    Cong.)       (96)      Apr.    26. 
Road   Foundations   and   Drains.      R.    Crawford-Muir.      (Paper   read   before   the   Cong. 

on    Road    Construction.)       (96)      Apr.    26. 
Les  Travaux  d'Ouverture  de  Routes  et   de  Chemins   en   Algerie,    Pendant   la   Guerre 

Vielle.      (43)      Nov.,  1916. 

*  Illustrated. 
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Sanitation. 

The  Purification   of  Sewage   in   the   Presence  of   Activated   Sludge,    Illinois.      Edward 

Bartow,  F.  W.   Mohlman  and  J.   F.  Schnellbach.      (4)      Feb. 
Modern    Sewage   Treatment.      T.   Chalkley   Hatton.      (4)      Feb. 
Largest  Drainage  Pumping  Plant  is  at  Mattamuskeet.*      (13)      Mar.  1. 
How   the   Pacific    Elei  trie    Solves   Surface    Drainage    Problems.*      Clifford   A.    Elliott. 

(17)      Mar.   17. 
The    Activated    Sludge     Proce.ss    of    Sewage    Purification.      Edward    Ardern.      (104) 

Mar.    23. 
Opinions    on    Catchbj^in    Cleaning   Methods   Differ.      (14)      Mar.    24. 
Tests    Indicate    Drain-Tile   Beddings    Increase    Strength.      (14)      Mar.    24. 
Activated    Sludge    Plant   at    Edmonton.*      (From    pamphlet    by    Geo.    T.    Hammond.) 

(96)      Mar.  29. 
Petro!   Explosions   in   Sewers.*      (12)      Mar.    30. 

Concrete  Sewage  Treatment  Plant  at  Rochester,  New  York.*      (67)      Apr. 
Relations    between    Sewage   Disposal    and    Water    Supply    are    Changing.      George   W. 

Fuller.      (13)      Apr.    5. 
New    Intercepting    Sewer    at    Chicago    Stock    Yards    has    Brick    Arch    Anchored    to 

Concrete  Base.*      L.   B.  Barker.      (13)      Apr.  5. 
The  Operation  of  Pressure  Reducing  Valves.*      (101)      Apr.  6. 
Elimination  of  Corrosion   in   Hot  Water   Pipe.*      F.   N.   Speller.      (Abstract  of  paper 

road     before     the    Amer.     Soc.     of     Heating     and     Ventilating     Engrs.)       (101) 

Apr.    6. 
A  Florida  House  Warmed  by  Furnace.*      J.  G.  Sorgen.      (101)      Apr.  6. 
Tests  of  a  New  Process  of  Sewage  Purification  with  Grease  Recovery  and  Apparent 

Profit.       (86)      Apr.    11. 
Design  of  Milwaukee's  New  Sewerage  System  Based  on  Conditions  35  Years  Hence.* 

Carl    H.    Nordell.      (13)      Apr.    12. 
Investigate  Condition  of  Concrete  Tile  in  Alkali  Country.      (13)      Apr.  12. 
Home-Made  Emergency  Portable-Pump  Outfit  Unwaters  Manholes.*      (13)      Apr.   12. 
Some  Observations  on  Dust  Separator  Problems.*      B.  F.  Henry.      (101)      Apr.   13. 
Essex    Border    Utilities    Commission.*      (Abstract    of    Morris    Knowles'    Report    on 

Metropolitan    Water    and    Sewerage    Systems    for    Essex    Border    Dist.)       (96) 

Apr.   19. 
What   a   City    Planning   a   Garbage    Piggery    Should   Know.      (13)      Apr.    26. 

Structural. 

Timber   Decay  and   its  Growing  Importance  to  the   Engineer  and   Architect.*      C.    J. 

Humphrey.      (4)      Feb. 
Historic  Failures  of  Masonry  Structures.*      Horace   R.  Thayer.      (58)      Feb. 
Comparative   Metals  Shearing  Resistances.*     W.  Trinks.      (62)      Mar. 
Testing   Ductile    Quality   of   Sheets    and  Wire.*      (62)      Mar. 
Graphical   Analysis   of   Complex    Reinforced-Concrete    Beams.*      W.    S.    Wolfe.      (14) 

Mar.  24. 
Impact  Tests  and  Their  Relation  to  Others.*      Howard  G.  Stagg,  Jr.      (62)      Apr. 
Second  Largest   Concrete   Building  Erected.*      (67)      Apr. 
The    Properties    of    Cement    Concrete.*      (21)      Anr. 
The  Reclamation   of  Timber.*      C.  A.  Lichty.      (87)      Apr. 
The   Use  of   Cribbing   for   Retaining   Walls.*      C.    P.    Richardson.      (86)    Apr.;    (15) 

Apr.  6. 
History    and    Present    Status    of    the    Concrete    Pile    Industry.*      Charles    R.    Gow. 

(109)      Apr. 
Concrete     Structures    Wrecked    by     Intense    Heat    at    Cereal-Plant    Fire    Causing 

$2  000  000   Damage.*      (13)      Apr.   5. 
Greater  Penetration   In  Treating  Douglas  Fir.*      O.  P.  M.   Goss.      (15)      Apr.  5. 
Canadian  Woods  for  Structural  Timbers.      (Abstract.)       (96)      Apr.  5. 
The  Testing  of   Steel.     Harry   Brearley.      (Abstract  of   paper   read   before  the   Man- 
chester Assoc,  of  Engrs.)       (47)      Apr.   6. 
Tests  Indicate  Strength  of  Tension-Rivet  Connections.*      C.  R.  Hill.      (13)      Apr.  12. 
To  Secure  Good  Concrete  Floors  Follow  these   Suggestions.      W.   P.  Anderson.      (13) 

Apr.   12. 
Well^Designed   Wire    and    Concrete   Fence    Incloses    Reservoir    Property ;    Decorative 

Features    Important    in    Marking   Off   Catskill    Aqueduct    Land    Near    Residential 

Center.*      Arthur   W.    Tidd.      (13)      Apr.    12. 
Concrete  Chimney  in  Japan,  Just  Completed,  is  Highest  in  World.*      (13)      Apr.  12. 
Grading   of    Crushed    Stone    and    Gravel    Feldspar,    Fireworks    and    Flour.*      Edward 

S.    Wiard.      (105)      Apr.    15. 
Second    Test    of    Seattle    Flat-Slab    Warehouse    Shows    Some    Decrease    in    Stresses ; 

Official    Investigation    of    Mushroom    Flat-Slab    Floor    by    Building    Department 

with  Load  Carried  to  1.33  Times  Design  Load.*      (13)      Apr.   19. 
Heavy    Crane    Loads    and    W^ide    Aisles    Control    Steelwork,    Design    of    Navy's    Huge 

Structural    Shop.*      (13)      Apr.    19. 
Making  a  Terra  Cotta   Corinthian   Capital.*      Rolf  W.   Bauhahn.      (76)      Apr.   24. 

*  Illustrated. 
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OBSTRUCTION  OF  BRIDGE  PIERS 
TO  THE  FLOW  OF  WATER 


By  Floyd  A.  Nagler,  Jun.  Am.  Soc.  C.  E. 
To  BE  Presented  September  5th,  1917. 


Synopsis. 

This  paper  presents  the  results  of  256  experiments  which  were  per- 
formed in  a  flume  at  the  Argo  Dam,  Ann  Arbor,  Mich.,  during 
October-December,  1914. 

The  experiments  were  made  on  34  different  models  of  bridge  piers, 
in  order  to  determine  the  relative  obstruction  to  the  flow  of  water 
offered  by  piers  of  different  designs. 

The  method  of  conducting  the  experiments  is  described,  and  the 
existing  theories  for  this  phenomenon  are  reviewed;  however,  in  order 
to  show  the  relative  efficiencies  of  these  piers,  it  was  found  necessary 
to  discard  these  theories.  The  paper  presents  a  unique  and  simple 
formula  which  can  be  applied  to  this  problem,  making  possible  the 
comparison  of  the  different  piers  by  the  magnitude  of  their  coefficients 
in  this  formula. 

Tables  I  to  "VII*  contain  all  the  experimental  data,  good  and  bad. 


The  Problem. 
It  is  a  well-known  fact  that  the  cross-sectional  area  of  a  stream  of 
water  cannot  be  either  diminished  or  increased  without  causing  energy 
losses,  and  hence  losses  in  head,  in  the  stream  itself. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  Anally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 

*  Tables  I  to  VII  are  not  printed  with  the  paper,  but  have  been  filed  in  the  Library 
of  the  Society,  where  they  may  be  consulted  by  any  one  interested. 
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It  follows,  therefore,  that  when  a  bridge  pier  is  constructed  in  a 
given  stream  section,  such  losses  of  head  will  be  observed.  For,  at  the 
nose  of  the  pier,  the  stream  is  contracted  in  width,  and,  at  the  tail  of 
the  pier,  it  is  suddenly  enlarged  to  its  original  width. 

Static  head  must  first  be  available  to  accomplish  the  necessary  in- 
crease in  velocity  demanded  by  the  decrease  in  the  stream  section  at  the 
nose  of  the  pier.  Hence,  there  is  observed  the  common  phenomenon  of 
'"back-water",  or  the  increase  in  the  elevation  of  the  water  surface  at 
the  nose  of  the  pier.  It  is  also  a  well-known  fact  that  all  the  static 
head,  transformed  into  velocity  head  as  the  section  converges,  cannot 
be  regained  as  the  water  diverges  into  the  section  of  normal  width  at 
the  tail  of  the  pier.  A  loss  of  energy  is  thus  suffered  by  the  stream,  in 
passing  the  bridge  pier. 

The  losses,  for  convenience  of  these  tests,  are  classified  as  follows : 

(1)  Losses  Avhich  may  be  attributed  to  the  change  in  section: 
These  are  made  up  of  both  surface  and  submerged  losses, 
which  are  revealed  by  the  turbulence  and  eddies  at  the  nose 
and  tail  of  the  pier. 

(2)  Losses  due  to  the  friction  of  the  water  as  it  passes  the  wetted 
pier  surface:  These  are  relatively  small  when  compared  with 
those  due  to  the  change  in  section;  they  are  so  small,  in  fact, 
that,  in  most  computations,  they  may  be  neglected. 

It  is  at  once  apparent,  on  inspection  of  Fig.  8,  that  the  shape  of 
the  nose  and  tail  of  the  pier  will  have  an  appreciable  effect  on  the 
magnitude  of  these  losses.  The  pier,  which  will  deflect  the  water  at 
the  nose,  tangent  to  the  sides  of  the  pier,  thus  reducing  to  a  minimum 
any  further  contraction  of  the  stream  section,  should  be  most  efficient 
at  the  up-stream  end;  and  the  pier  with  a  tail  which  follows  the 
diverging  stream  lines  most  closely,  reducing  the  volume  of  the  eddying 
water  to  a  minimum,  should  be  most  efficient  at  the  down-stream  end. 

Experimental  data  on  the  obstruction  of  bridge  piers  to  the  flow 
of  water  are  exceedingly  scarce;  so  scarce,  in  fact,  that,  in  the  case 
of  the  New  York,  Lackawanna  and  Western  Railway  vs.  the  New  York, 
Lake  Erie  and  Western  Railway,*  engineers  varied  in  their  computa- 
tions of  the  back-water   caused  by  the  proposed  bridge  piers  of  the 

*  "On  the  Determination  of  the  Flood  Discharge  of  Rivers  and  of  the  Backwater 
Caused  by  Contractions",  by  William  R.  Hutton,  M.  Am.  Soc.  C.  E.,  Transactions,  Am. 
Soc.  C.  E.,  Vol.  XI  (1882),  p.  211. 
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Fig.   1. — Bolton's  Flume. 


Fig.  2. — Bolton's  Flume. 
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Lackawanna  Railroad  in  the  Chemung  River,  by  values  ranging  from 
0.5(58  to  4.3  ft.  Although  it  is  true  that  part  of  this  discrepancy  vras 
due  to  the  different  values  of  flood  discharge  assumed  by  the  different 
engineers,  yet  most  of  it  is  attributable  to  uncertainty  as  to  existing 
b'-idge  pier  formulas.  The  back-water  caused  by  the  proposed  piers 
was  of  prime  importance  in  deciding  this  case,  because  the  piers  and 
embankments  of  the  Lackawanna  Railroad,  in  crossing  the  Chemung 
flats,  might  raise  the  water  of  the  Chemung  River  above  the  grade  of 
the  Erie  tracks  in  flood  stages  of  the  stream. 

Purpose  of  the  Tests. 
The  purpose  of  these  experiments  was  to  determine  the  relative 
obstruction  which  different  designs  of  bridge  piers  offer  to  the  flow  of 
water.  This  involved  the  derivation  of  an  adequate  formula,  with 
reliable  coefficients,  which  would  give  the  amount  of  back-water  caused 
by  the  insertion  of  a  pier  in  the  cross-section  of  the  experimental  flume. 

Description  of  the  Flume. 

The  tests  were  made  in  a  flume  constructed  at  the  Argo  Spillway, 
Ann  Arbor,  Mich.  A  head  of  13  ft.  of  water  was  available  for  the 
experiments.  This  flume  was  constructed  by  Frank  L.  Bolton,  Jun. 
Am.  Soc.  C.  E.,  and  was  used  by  him  in  making  extensive  experiments 
on  the  efficiency  of  trash  racks  of  different  designs. 

Figs.  1  and  2  are  reproduced  from  photographs  of  the  flume  taken 
in  October,  1914.    Fig.  3  is  a  plan  and  section  of  the  flume. 

The  sides  of  the  flume  were  made  of  2-in.  matched  yellow  pine;  the 
flume  averaged  2.138  ft.  in  width,  and  could  carry  a  depth  of  water  of 
4  ft.  The  quantity  of  water  entering  the  flume  was  regulated  by 
lowering  or  raising  the  flood-gate  in  the  spillway.  As  the  water  en- 
tered the  flume  at  a  very  high  velocity,  it  was  first  necessary  to  lower 
this  velocity  and  distribute  the  varying  velocities  uniformly  over  the 
entire  section  of  the  flume.  This  was  accomplished  by  a  set  of  baffles, 
shown  on  Fig.  3,  as  Baffles  No.  2.  Each  set  of  baffles  consisted  of  a  set 
of  vertical  bars  and  a  set  of  horizontal  bars  about  5  in.  apart.  Fig. 
4  shows  that  an  excellent  distribution  of  velocity  was  obtained,  in  this 
manner,  at  a  section  15  ft.  below  the  baffles  and  6  ft.  above  the  testing 
section. 

The  depth  of  water  in  the  flume  was  controlled  by  vertical  stop- 
boards  just  above  the  second  set  of  baffles. 
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The  second  set  of  baffles,  shown  on  Fig.  3  as  Baffles  No.  1,  was  a 
duplicate  of  the  first.  These  were  introduced  into  the  flume  in  order 
to  secure  a  uniform  distribution  of  velocity  in  the  channel  approach- 
ing the  weir. 

The  weir  was  at  the  end  of  the  flume,  with  its  crest  ;^.01  ft.  above 
the  bottom  of  the  channel  of  approach.  The  sharp  crest  was  a  3  by 
i-in.  bar  of  cold-rolled  steel.  The  sides  of  the  flume  extended  4  ft. 
beyond  the  weir  crest,  in  order  that  there  should  be  no  expansion  of 
the  nappe  after  leaving  the  crest.  As  is  shown  by  Fig.  3,  care  was 
taken  to  build  the  bottom  of  the  flume 
above  maximum  tail-water  elevation,  in 
order  that  it  might  be  at  all  times  apparent 
that  the  leakage  from  the  flume  was 
normal. 

The  hook-gauges  used  for  all  measure- 
ments of  head  are  shown  in  Fig.  5.  They 
were  standard  Gurley  gauges,  and  meas- 
ured the  w^ater  surface  elevation  in  the 
12-qt.  pails  shown  below  the  gauges.  These 
pails  served  as  stilling  boxes,  and  were 
connected  to  their  respective  sections  of 
tlie  flume  by  |-in.  rubber  hose.  All  three 
gauges  were  placed  in  a  small  shelter 
house,  and  could  be  read  by  a  single  ob- 
server. 


VELOCITY' DISTRIBUTION 
IN  FLUME 


Fig.   4. 


Description  of  Bridge  Pier  Models. 


The  different  shapes  of  piers  with  which  experiments  were  made 
are  shown  in  Fig.  8.  They  will  hereafter  be  spoken  of  as  designated 
on  the  plate:  '^J. "-square  end;  "^jB"-half- round ;  "C"-90°  point;  "D"-i5° 
point;  "^"-thick  double-curved  point;  "/^"-single-curved  point  (con- 
vex) ;  "Cr"-thin  double-curved  point.  In  such  notation  as  AA,  BC,  GD, 
etc.,  the  first  letter  indicates  the  form  of  nose,  and  the  last  letter  the 
form  of  tail  used  in  the  experiment. 

The  models  were  of  planed  white  pine.  Each  was  36  in.  deep  and 
6  in.  wide,  although  the  gross  length  varied  somewhat,  according  to 
the  different  designs.  A  center  section  18  in.  long  was  used  for  all 
piers ;  to  this  was  attached  the  different  forms  of  ends,  in  changing  the 
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design.  Figs.  5  and  6  show  the  pier  models,  how  the  piers  were  con- 
structed, and  the  simple  manner  of  attaching  the  ends  to  the  center 
section. 

A  given  design  of  bridge  pier  having  been  assembled;  the  pier  was 
placed  in  the  center  of  the  flume  at  the  point  shown  on  Fig.  3.  The 
pier  was  firmly  clamped  in  place  by  two  wooden  clamps  which  spanned 
the  flume  above  the  water  surface.  The  i-in.  rods,  which  fastened  the 
ends  to  the  body  of  the  pier,  projected  at  both  the  bottom  and  the  top  of 
the  model :  at  the  bottom  into  a  bushing  in  the  floor  of  the  flume;  and  at 
the  top,  through  the  clamp.  This  insured  the  testing  of  every  pier 
model  in  exactly  the  same  position,  and  prevented  any  vibration  of 
the  models  during  the  test. 

Method  of  Experimentation.   • 

Gauge  No.  1  was  attached  to  a  point  3  ft.  above  the  nose  of  the  pier. 
At  this  point  a  f-in.  hole  was  bored  in  the  side  of  the  flume,  about  2 
in.  above  the  floor.  A  standard  hose  connection  was  fitted  into  this 
hole,  so  that  it  was  flush  with  the  sides  of  the  flume.  The  elevation  of 
the  water  surface  was  transmitted  from  this  point  to  the  stilling  pail 
by  a  |-in.  hose.  Thus,  this  gauge  measured  the  static  head,  and  also 
the  depth  of  the  water  above  the  bridge  pier  models. 

Gauge  No.  2  was  attached  at  a  section  8  ft.  below  the  tail  of  the 
models,  in  the  same  manner  as  Gauge  No.  1.  This  gauge  then  meas- 
ured the  static  head  and  depth  of  water  at  a  distance  below  the  pier 
which  would  always  be  farther  down  stream  than  the  "standing  wave." 

In  like  manner  Gauge  No.  3  was  attached  at  a  point  10  ft.  7i  in. 
up  stream  from  the  weir  crest.  This  distance  is  in  the  same  ratio  to 
16.4  ft.  (the  distance  above  the  weir  used  by  Bazin),  as  the  height  of 
the  writers'  weir  is  to  the  height  of  the  Bazin  weir.  In  any  case,  the 
surface  curve  is  so  flat  at  this  distance  from  the  weir  that  the  differ- 
ence in  discharge,  from  results  which  might  have  been  obtained  were 
it  possible  to  measure  the  head  farther  up  stream,  is  of  negligible  con- 
sideration in  these  tests. 

The  oscillations  of  the  water  surface  in  the  flume  were  rendered 
very  much  less  prominent  by  the  rubber  hose  connection  to  the  stilling 
wells.  The  water  surface  could  easily  be  read  to  0.001  ft.  with  the 
hook-gauges,  and  in  many  experiments  to  0.0005  ft. 
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Fig.  5. — Kook-Gaugics. 
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Fig.   6. — Pier  Models. 


Fig.   7. — Pier  MonET.s. 
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The  arithmetical  mean  of  ten  observations  at  a  given  velocity  and 
depth  of  flow  was  used  as  the  measured  head  for  that  experiment.  The 
variation  in  these  ten  readings  was  remarkably  small  in  all  the  runs. 
An  average  set  of  ten  such  observations  is  given  in  Table  1  as  it 
appears  in  the  field  notes  for  Pier  BB.  The  three  gauges  were  read  in 
rapid  succession  by  a  single  observer,  first  No.  1,  then  No.  2,  then 
No.  3. 

COEFFICIENTS 

RELATIVE  NOSE  EFFICIENCY 
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<    CO 

0.90G 


Pig.   8. 

From  the  ten  gauge  readings  all  information  necessary  for  the  com- 
putation of  the  experiments  was  obtained.  The  reading  of  G-auge 
No.  3  made  possible  the  calculation  of  the  discharge,  as  .measured  by 
tlie  Bazin  weir;  from  the  reading  of  Gauge  No.  2  the  depth  and 
Aelocity  of  the  water  at  a  section  down  stream  from  the  pier  could  be 
obtained;  and  from  the  reading  of  Gauge  No.  3  the  depth  and  velocity 
of  the  water  up  stream  from  the  pier  could  be  computed;  and  from 
the  readings  of  Gauges  Nos.  1  and  2  combined,  the  back-water  caused 
by  the  pier  could  be  ascertained. 
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TABLE  1. — Average  Set  of  Ten  Observations. 


Readings  of  Gauges,  in 

Feet. 

Time. 

Gauge  No.  1. 

Gauge  No.  2. 

Gauge  No.  3. 

BB.b 

0.871 

0.833 

0.395 

9.13  a  m. 

0.872 

0.830 

0.396 

0.870 

0.829 

0.395 

0.870 

0.831 

0.396 

0.873 

0.833 

0.397 

0.873 

(1.833 

0.398 

0.873 

0.833 

0.397 

0.873 

0.833 

0.393 

11.870 

0.829 

0.397 

0.870 

0.828 

6.396 

Mean. 

0.8715  ' 

0.8311 

0.3960 

The  elevations  in  Table  I*  were  computed  from  level.s  run  by  Mr. 
Bolton,  and  re-checked  by  him  after  the  gauges  had  been  in  place  for 
several  months. 

In  general,  seven  experiments  were  made  on  each  pier,  at  a  con- 
stant depth  of  water,  varying  the  velocities  in  the  flume  from  1  to  4  ft. 
per  sec.  In  addition  to  this,  on  Piers  AA,  BD,  and  DB,  the  depth  of 
the  water  was  varied  for  constant  velocities.  The  different  experi- 
ments on  a  single  pier  are  designated  in  Tables  I  to  VII  by  the  num- 
bers, 1,  2,  3,  etc. 

Computations. 

The  discharge  for  a  given  run  was  read  from  the  curves  on  Fig.  9. 
The  upper  curve  gives  the  discharge  of  the  weir  as  determined  by 
Bazin's  formula  for  a  weir  with  a  crest  2  ft.  above  the  bottom  of  the 
approach  channel.  The  lower  curve  was  computed  from  the  upper 
curve,  by  increasing  the  discharge  1%  in  order  to  compensate  for  the 
leakage  of  the  flume  between  the  weir  and  the  bridge  piers;  thus,  it 
gives  the  discharge  at  the  bridge  pier  section. 

The  foregoing  leakage  correction  was  determined  jointly  with  Mr. 
Bolton,  by  catching  the  leakage,  in  a  definite  period  of  time,  from 
several  of  the  3-ft.  sections  of  the  flume.  This  was  also  checked  by 
measurements  with  a  small  Ott  current  meter  at  the  pier  section,  and 
also  just  above  the  weir. 

*  Tables  I  to  VII  are  filed  in  the  Library  of  the  Society. 
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The  width  of  the  weir  crest,  and  also  the  average  width  of  the 
flume  above  it  was  2.156  ft.  The  mean  width  of  the  flume  at  Gauges 
Nos.  1  and  2  was  2.138  ft. 

Due  to  the  limitations  in  the  accuracy  of  the  weir  formulas,  and 
also  the  fact  that  the  experiments  with  the  higher  velocities  gave  heads 
as  high  as  2.1  ft.  on  the  weir,  it  has  been  concluded  that  the  absolute 
error  in  these  tests  may  be  as  great  as  3%,  and  the  relative  error  as 
great  as  2  per  cent. 
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Weir  Discharge,  in  Second-Feet. 

•  Fig.  9. 

In  all  com.putations  the  pure  friction  losses  of  the  pier  models  were 
neglected.  This  seemed  to  be  permissible,  as  this  loss  amounts  to  less 
than  0.001  ft.  for  the  highest  velocity  recorded  in  these  tests.  It  was 
thus  possible  to  make  comparisons  between  piers  differing  in  gross 
length  due  to  changing  the  form  of  the  nose  or  tail.  • 

Mr.  Bolton  determined  the  friction  losses  of  the  flume  itself,  between 
Gauges  Nos.  1  and  2,  by  a  series  of  thirty-three  experiments  at  dif- 
ferent velocities  and  depths,  -«^th  no  obstruction  in  the  flume.  The 
pure  loss  due  to  friction  was  then  computed  by  applying  the  principle 
of  Bernouilli.  The  results  were  plotted  as  shown  on  Fig.  10.  The 
mathematical  mean  line  was  determined  for  these  points,  and  the  equa- 
tion of  this  Hne  was  found  to  be  H  =  0.067  V^-^^^. 
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After  very  careful  study,  it  was  found  that  the  variation  of  the 
depth  of  the  water  in  the  flume,  within  the  range  of  the  experiments 
performed,  seemed  to  produce  so  little  variation  in  the  value  of  the 
friction  loss,  that  this  loss  in  the  flume  for  the  varying  velocities  was 
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Fig.   10. 

read  from  the  mathematical  mean  line,  regardless  of  the  depth  of 
water  in  the  flume.  The  close  proximity  of  this  line  to  that  obtained 
from  Kutter's  coefficient  for  a  wooden  channel,  with  water  3  ft.  deep, 
is  an  excellent  check  on  the  accuracy  of  these  experiments.     A  varia- 
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tiou  ill  depth  of  0.5  ft.  will  cause  a  variation  in  the  value  of  the  fric- 
tion loss  of  0.001  ft.  at  the  highest,  and  0.00005  ft.  at  the  lowest, 
velocities.  In  any  case  this  is  a  negligible  percentage  of  the  total  dif- 
fcn-ence  in  water  surface  elevation  caused  by  the  insertion  of  any  pier 
in  the  flume. 
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Fig.  11. 
Now,   if 

i?j  =  the  depth  of  the  water  above  the  piers  (Gauge  No.  1)  ; 
//,  =  the  depth  of  the  water  below  the  piers  (Gauge  No.  2)  ; 
Hfi  =  the  difference  in  elevation  between  the  bottom  of  the  flume 
at  Gauges  Nos.  1  and  2 ; 
and  Hf  =  the  friction  loss  in  the  flume  between  Gauges  Nos.  1  and  2; 
then  H^  -\-  Hf,  —  H.^  —  Hf  =  the  difference  in  water  surface  eleva- 
tion, or  back-water,  caused  by  the  pier. 
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If  Ha  —  Hf  =  H^,  then,  as  H^  =  0.0195  ft.,  the  values  of  H^  may 
be  plotted. against  the  velocity,  as  in  Fig.  11. 

The  corl-ection,  as  read  from  this  curve,  was  applied  to  all  values 
of  H^  —  H.,  in  the  following  manner:  The  value  of  H^  for  a  given 
experiment  was  interpolated  from  the  curve,  at  a  point  corresponding 
to  the  down-stream  velocity  of  the  flume.  This  seemed  to  be  the  most 
reasonable,  as  the  water  flowed  at  this  velocity  or  even  greater,  for 
more  than  three-fourths  of  the  distance  between  the  gauges. 

All  computations  were  carried  out  to  0.0001  ft.  With  the  excep- 
tion of  the  final  computation  of  coefficients,  which  was  made  with  a 
10-in.  slide-rule,  all  results  were  obtained  arithmetically,  or  with  the 
use  of  six-place  tables  of  logarithms. 

Discussion  of  Bridge  Pier  Formulas. 
In  order  to  compare  the  different  pier  models,  the  writer  concluded 
that  it  would  be  most  convenient  to  compute  coefficients  for  each 
kind  of  pier,  these  coefficients  to  be  applied  to  some  adequate  bridge 
pier  formula.  It  became  necessary,  therefore,  to  study  the  existing 
formulas  for  back-water  caused  by  bridge  piers. 

D'Aubuisson,  Eytelwein,  Debauve,  Dupuit,  and  Gauthey  were 
among  the  first  to  investigate  this  phenomenon.  In  general,  the  theory 
adopted  by  these  investigators  was  to  attribute  the  back-water  to  the 
velocity  change  as  it  entered  the  contracted  section  of  the  stream,  in 
all  cases  applying  a  coefficient  of  contraction. 

It  was  first  developed  by  D'Aubuisson,  although  commonly  attri- 
buted to  Dubuit  or  Debauve,  as  follows: 

Let  Fq  =  the  velocity  in  the  approach  channel ; 
V^  =  the  velocity  between  the  piers ; 
W  =  the  full  width  of  the  approach  channel ; 
w  =  the  contracted  width  at  the  pier  section ; 
h   =  the  normal  depth  of  the  stream  below  the  piers ; 
y  =  the  amount  of  back-water ;  and 
m  =  the  coefficient  of  contraction. 


Then,  as 


^'■2   = 

w 

y  = 

2g 

2  g\  »-2 

')■ 


F^      /W'2  s 

vr  2  u    V  xv^  / 


Papers.]    OBSTEUCTION  OF   BKIDGE   PIERS  TO   FLOW   OF  WATER  831 

V  w 

Eytehvein,  however,  pointed    out   that    F.,  is    not   equal   to  — '^ , 

to 

because,  due  to  the  crest  contraction,  tlie  depth  of  the  water  between 

the  piers  is  less  than  the  dei)th  ahead  of  them.     He  also  argued  that 

the  coefficient  of  contraction  should  only  be  applied  to  the  contracted 

width.      He   thus    modified   the   foregoing   formula    until    it    assumed 

the  form : 


y 


VI   /  W^  _        h- 

2  g  \m^iv^~  (h  -\-  yf 


This,  in  all  probability,  is  the  most  correct  formula  which  has 
been  derived,  taking  the  preceding  theory  as  a  basis. 

Debauve  expresses  the  same  formula  in  terms  of  the  discharge  of 
the  stream,  Q. 


y=.^(^ l V 

Gauthey  gives  the  following  values  for  m  in  this  formula : 


0.95  for  acute  angles, 

0.90  for,  half -rounded  heads, 

0.70  for  blunt,  or  square  heads. 

The  preceding  formulas  have  been  disregarded  by  modern  investi- 
gators, as  the  losses  at  the  tail  of  the  pier  and  the  standing  wave  have 
been  entirely  neglected.  This  would  tend  to  make  y  less  than  its 
theoretical  value,  if  observed  at  the  head  of  the  enlargement,  where  y 
is  a  maximum.  The  losses  at  the  tail  of  the  pier  are  considered  by 
many  investigators  to  exceed  those  of  contraction  at  the  head  of  the 
pier.  Furthermore,  the  results  of  these  experiments,  if  substituted 
in  the  foregoing  formulas,  give  a  regularly  decreasing  variation  in  the 
value  of  m  for  a  single  pier,  within  the  range  of  from  1  to  4  ft.  velocity, 
of  more  than  9  per  cent.  The  values  of  m,  computed  from  these  tests, 
all  lie  between  1.07  and  1.28,  and  are  thus  much  higher  than  those 
given  by  Gauthey.  Certainly,  in  any  case,  a  formula  which  requires 
a  table  of  coefficients  varying  through  a  range  of  9%  is  little  better 
than  no  formula  at  all. 

Weisbach*  describes  two  experiments  which  he  performed  on  a 
small  round  pier,  0.020  m.  in  diameter,  in  a  channel  0.0280  m.  wide. 


"Experimental  Hydraulik." 
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He  derived  coefficients  of  0.988  and  0.970  in  the  two  runs  which  he 
made.  These  coefficients  are  to  be  applied  in  a  formula  based  on  the 
following  theory: 

In  Fig.  12  if  II  is  equal  to  the  difference  in  elevation  between 
Gauges  ISTos.  1  and  2,  he  considers  the  discharge  through  the  pier  sec- 
tion to  be  equivalent  to  that  through  an  orifice  of  a  section,  AB,  and 
under  a  head,  H,  and  over  a  weir  the  length  of  vphich  is  the  net  stream 
width  at  .4,  under  a  head,  H.  The  sum  of  these  two  discharges  should 
give  the  discharge  past  the  pier. 

Thus,  if  W  is  equal  to  the  width  of  the  channel  between  the  piers, 
and   D.,   is   equal   to   the   depth   of   the  water   at   Gauge   No.   2,   then 


Q=  CW  \f2(j   [^  hI  +  D^H^ 


Gauge 
No.  1 


Fig.   12. 

Mansfield  Merriman,  M.  Am.  Soc.  C.  E.,  adopts  Weisbach's 
theory,*  with  some  modification.  In  the  first  place,  he  corrects  H 
for  the  velocity  in  the  approach  channel,  by  adding  to  the  measured 

difference  in  elevation,   H,  a  quantity  equal   to  1   -^,  where  Fj  i.s  the 

velocity  of  the  stream.  In  the  second  place,  he  considers  the  weir 
portion  of  the  theoretical  discharge  to  be  continuous  over  the  entire 
width  of  the  stream,  and  that  the  orifice  discharges  through  the  con- 
tracted section,  only.  Thus,  if  B  is  equal  to  the  width  of  the  approach 
channel,  and  &  is  the  width  at  the  pier  section,  then: 
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Assuming-  this  theory  to  he  the  correct  solution  of  the  problem,  co- 
efficients were  computed  on  the  basis  of  Weisbach's  equation,  applying 

to  H  a  velocit}-  of  approach  correction  of  1  — i- .     These  may  be  found 

2  9 

in  Cokunn  16  of  Tables  III  to  VII.  These  coefficients  vary  at  least 
20%  in  the  case  of  each  pier,  being  lower  at  the  high  velocities  and  as 
large  as  1.200  at  the  lower  velocities. 

Again,  the  theory  must  be  at  fault,  for  a  theory  which  gives  as 
wide  a  variation  of  experimental  coefficients  as  is  shown  in  the  tables 
IS  very  little  better  than  no  formula  at  all.  Attempts  to  reduce  this 
variation  in  the  coefficient  by  using  different  velocity  of  approach  cor- 
rections did  not  produce  favorable  results.  Likewise,  using  Merri- 
man's  modification  of  Weisbach's  formula,  the  coefficients  were  found 
to  vary  throughout  a  still  larger  range,  and,  for  the  low  velocities,  they 
are  practically  equal  to  those  tabulated  in  Column  16  of  Tables  III 
to  VII.  Merriman's  assumption,  that  the  weir  discharges  over  the 
entire  width  of  the  stream,  seemed  to  make  con-  ,-T-r-r-. 

ditions  worse,  rather  than  better.    Certainly,  there 
is  little  if  any  argument  for  assuming  that  the 

weir  discharges  over  one  section,  and  the  orifice        '^^^w7yyZoyZiZ^yy?pyym<^, 
at  another  section,  of  the  stream,  and  then  adding  ^^' 

the  two  to  obtain  the  total  discharge.  A  very  fundamental  principle 
of  hydraulics  is  violated  in  so  doing.  Fig.  13  is  a  copy  of  the  figure 
used  by  Mr.  Merriman  in  demonstrating  his  formula.*  Certainly, 
if  the  form  of  surface  wave  shown  in  the  figure  is  the  correct  one, 
and  the  one  which  Mr.  Merriman  saw  when  watching  water  pass  bridge 
piers,  there  may  be  more  ground  for  the  assumption  that  the  weir 
discharges  over  the  entire  stream  width. 

Weisbach,  Gauthey,  and  others,  however,  have  been  very  clear  in 
their  drawings  in  showing  a  rise  in  the  water  surface  immediately 
iihead  of  the  pier,  and  neither  does  it  fall  until  it  reaches  the  pier. 
This,  certainly,  is  what  has  been  observed  in  these  experiments. 
Dupuit,  also,  in  his  theoretical  investigation  of  the  form  of  surface  curve 
obtained  by  lateral  contraction,  arrived  at  the  following  conclusion : 

"At  the  head  of  any  contraction  there  must  always  be  an  elevation 
of  the  water  surface  above  the  normal;  and  at  the  head  of  any  enlarge- 
ment there  must  always  be  a  depression  of  the  water  surface." 
*  "Treatise  on  Hydraulics,"  Ninth  ed.,  p.  343. 
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Figs.  14  and  15  are  reproduced  from  photographs  of  the  bridge  pier 
models  in  the  flume  with  water  flowing  at  a  velocity  of  4  ft.  per  sec. 
They  show  clearly  the  standing  wave  in  front  of  the  pier. 

As  the  theory  as  a  whole,  however,  does  not  coincide  with  these 
experiments,  it  was  useless  to  dwell  longer  on  this  minor  objection  to 
Mr.  Merriman's  formula;  the  main  error  lies  elsewhere. 

If  the  writer  had  been  required  to  calculate  the  loss  in  head 
through  a  sluice-gate  with  the  form  of  section  shown  in  Fig.  16,  he 
might  have  comiiuted  this  from  the  simple  submerged  orifice  formula : 


Q  =  CAsj2gH. 

Neglecting  the  friction  of  the  concrete,  the  discharge  would  not 
differ  whether  A'  were  of  concrete  or  of  air.  If  of  air,  the  form  of  the 
surface  curve  would  be  the  same  as  that  drawn  in  Fig.  12,  and  caused 
by  the  insertion  of  a  bridge  pier. 

Furthermore,  turning  to  the  experimental  data  for  the  pier,  AA, 

if,  corrected  for  velocity  of  approach,    1  -A  ^   -^yas   plotted  as    a  func- 


Q 


tion  of  -f^  where    D^   is   the    down-stream  depth  of  the  water.      The 


2 

Q 

result  is  shown  on  Fig.  17.     It  was  at  once  evident  that  —  =  /  (if) 

was  almost  purely  exponential,  and  that  this  exponent  is  approximately 

.     On  investigation  this  was  found  to  be  true  for  the  other  piers  also. 

These  experiments  thus  seemed  to  indicate  that  the  theory  of  con- 
sidering the  discharge  past  bridg©  piers  as  being  that  of  a  combined 
weir  and  orifice  is  false ;  and,  furthermore,  that  the  discharge  might  more 
correctly  be  represented  as  that  through  an  orifice  of  a  sectional  area 
equal  to  the  minimum  stream  width  multiplied  by  the  minimum  stream 
depth,  and  under  a  head,  H,  equal  to  the  back-water  caused  by  the 
bridge  pier  (corrected  for  velocity  of  approach). 

This  theory  is  not  new.  Both  Unwin  and  Frizell  seem  to  have  ar- 
rived at  a  similar  conclusion  in  determining  the  discharge  over  a 
broad-crested  weir.    They  found  that 

"  Q  =L  d  \f2g  (H~d), 
in  which  L  is  the  length  of  the  weir;  d  is  the  depth  of  water  on  the 
weir;  and  H  is  the  elevation  of  the  water  surface  ahead  of  the  weir, 
above  the  weir  crest,  as  in  Fig.  18. 
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Fig.   14. — 45°  Pier  Nose. 
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Fig.   15. — Half-round  Pier  Nose. 
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As  {H  —  d)  is  the  difference  in  water  surface  elevation  caused  by  the 
weir,  the  discharge  has  been  computed  as  being  that  through  an  orifice 
at  section,  B,  and  under  a  net  head,  h.  The  crest  and  all  hydraulic 
conditions  in  this  case  are  very  similar  to  the  crest  (obtained  by  the 
writer)  due  to  the  contraction  of  the 
channel  by  a  bridge  pier.  In  fact, 
Dupuit,  in  his  theoretical  investiga- 
tion of  this  problem,  states  that  the 
same  resulting  surface  curve  follows 
whether  the  contraction  is  from  the 
sides  or  bottom  of  the  stream.  There 
may  be  some  basis,  then,  for  the 
assumption  that,  if  this  theory  has  been  applied  successfully  to  broad- 
crested  weirs,  it  may  as  well  be  applied  to  bridge  pier  sections,  where 
the  surface  curve  is  the  same. 


SECTION  ON  C.L.  OF  STREAM 
Fig.  16. 


Bridge  Pier  Formula  Used  in  the  Keduction  of  These  Experiments. 

Eeferring  to  Fig.  19,  the  following  base  formula  for  discharge 
past  a  bridge  pier — or  back-water  caused  by  bridge  piers — was  deduced 
as  the  result  of  these  tests.  In  order  to  make  comparison  between  the 
different  pier  models,  the  entire  discharge  in  the  stream  is  con- 
sidered as  passing  through  an  orifice  at  the  section,  A. 

If    4  =  the  area  of  this  submerged  orifice, 
H  =  the  head  on  that  orifice,  and 
Q  :=^  the   discharge  through  that  orifice, 
then  Q  =  C  A  \/  2  g  H,m  which  C  is  an  empirical  coefficient. 

Now,  in  this  case,  A  =  WD,  where  D  equals  the  depth  of  water  in 
Section  A,  and  W  equals  the  width  of  the  stream,  exclusive  of  the 
bridge  piers.     Thus 


Q^CWD\/2gH. 

This  is  the  base  formula  for  these  experiments,  in  its  theoretical 
form,  with  no  corrections.  However,  if  the  depth  of  water  is  meas- 
ured at  Gauge  Xo.  2,  designating  this  depth  by  H^,  then 


D  =  no- 
where F,  =  velocity  of  retreat. 


TV 
2  V 
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H  must  also  be  corrected  for  the  velocity  in  the  channel  of  ap- 
proach, thus 


H==H^  +  P 
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The  formula,  with  its  corrected  values,  then  assumes  the  following 
form: 


Q  ^  CW  S^  2g[H,-  a   ^^~^^  H  +  ft 


y.' 


grj    >/  2  g 

It  should  be  observed  that,  in  any  case,  H^  will  be  practically  equal 
to  the  depth  of  the  stream  before  the  erection  of  the  bridge  piers, 
and  is  equal  to  the  depth  of  the  water  in  the  stream,  at  a  point  down 
stream,  beyond  the  standing  wave. 
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Taking    all    experiments    into    consideration,    the    best    values    of 
a  and  j3  are  as  follows : 

a  =  0.3  and  /?  =  1.8. 
Using  these  values  of  a  and    - 
y8,  the  values  of  the  coefficient,        h    ^"'^^^^^^'^i  ^  ^ 

C,    were    computed    for    every        -  — '-^ 
run.      These    are    tabulated    in 
Column  19  of  the  tables.     The 
mean    value    for    each    pier    is 
given  in  Table  2. 


BROAD-CRESTED  WEIR 


Fig.  18. 


TABLE  2. — Bridge  Pier  Coefficients.* 
Q  =  CW  \f^g  [iT,-0.3  ^J  ^H  +  1.8  ^ 


or, 


H 


Q' 


2,[cTF(i7,_0.3S)]^ 


1.8  F,2 


Type  of 
pier. 

Value  of  the 
coefficient.  C. 

Number  of 
experiments 

of  which 

coefflcieut  is 

a  mean. 

Type  of 
pier. 

Value  of  the 
coefHcient,  C. 

Number  of 
experiments 

of  which 

coefficient  is 

a  mean. 

AA 

AC 

0.861 
0  862 

16 

7 
7 
6 
6 

7 
7 
7 
6 

7 
6 

7 
6 
7 
5 

7 

GA :  . 

DC 

BA 

BC 

DD 

DB 

FC 

BB 

BD 

BG 

FB 

FD 

DF 

DE 

BF 

BE 

FE 

0.911 
0.912 
0.914 
0.915 
0.916 
0.918 
0.921 
0.923 
0.923 
0.927 
0.927 
0.927 
0.929 
0.931 
0.931 
0.935 
0.939 

4 

AF 

0.863 

7 

AO 

0.863 
0.866 
0.873 
0.875 
0.893 
0.894 
0.902 
0.903 
0.905 
0.905 
0.906 
0.907 
0.908 
0.910 

7 

AB 

AD 

15 

7 

AE 

CC 

7 

CA 

17 
g 

CD 

FA   

7 

CH 

7 

CF 

7 

CG 

CE 

EA 

7 
7 
7 

DA 

*  A  complete  tabulation  of  all  data  and  computations  may  be  found  in  the  Library  of 
the  Society. 

Discussion  of  the  Coefficients  and  Their  Limitations. 

The  coefficients  given  in  Table  2  are  discharge  coefficients,  and  are 
primarily  valuable  because  they  indicate  the  relative  amount  of 
obstruction  offered  by  the  different  shapes  of  piers;  that  is,  an 
increase  of  1%  in  the  discharge  coefficient  will  cause  a  decrease  of 
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about  7%  ill  the  total  dilference  in  water  surface  elevation  above 
and  below  the  pier,  at  a  velocity  of  i  ft.  per  sec.  An  inspection  of 
the  formula  at  once  shows  that  the  height  of  the  back-water  varies  as 
the  square  of  the  velocity,  also  as  the  square  of  the  discharge,  and 
inversely  as  the  square  of  the  coefficient  of  contraction,  all  other  values 
in  the  equation  remaining  the  same. 

A  study  of  the  coefficients  obtained  throughout  the  range  of 
experiments  on  a  single  pier,  shows  variations  from  the  mean  value 
of  less  than  1%,  in  most  cases;  there  being  only  ten  experiments  where 
the  variation  of  the  coefficients  computed  for  any  single  experiment  is 
greater  than  this.  Far  less  variation  than  this  could  have  been 
obtained  by  adopting  different  coefficients  for  the  different  pier  shapes, 
but  such  a  table  of  coefficients  would  be  cumbersome,  hence  mean 
values  of  the  coefficients  were  adopted  (a  =  0.3  and  ^  =  1.8)  which 
gave  the  best  results,  considering  the  entire  thirty-four  different  shapes 
of  piers. 

Gauge 
No.  2 


Fig.   19. 

As  the  weir  over  which  the  discharge  was  measured  was  of  limited 
capacity,  these  experiments  cover  a  range  in  velocity  of  from  1  to  4 
ft.  per  sec,  only.  Whether  the  coefficients  for  the  formula  will  still 
have  the  same  value  for  higher  velocities  is  merely  a  matter  of  con- 
jecture, although  it  would  not  be  at  all  unreasonable  to  assume  the 
same  coefficients  for  slightly  higher  velocities  of  flow. 

The  formula  is  applicable  to  varying  stream  depths  and  hydraulic 
radii.  This  is  shown  by  the  coefficients  computed  for  Piers  AA,  'BD, 
and  DB,  on  which  tests  were  made  through  a  very  wide  variation  in 
the  depth  of  the  water  in  the  flume. 

As  the  velocity  of  retreat,  for  most  problems,  is  only  a  very  small 
amount  greater  than  the  velocity  of  approach,  the  computations  may 
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be  somewhat  simplified  by  assuming  them  to  be  of  the  same  value; 
hence,  if  /;  is  the  head  due  to  the  velocity  of  approach,  then 


Q  =  C  W  V  2g  (H.^  —  0.3  /i)  V  i/  +  1 .8  h. 

It  has  been  claimed  by  some  writers  that  the  amount  of  back-water 
will  vary  with  the  relative  velocities  above  and  below  the  pier,  the 
number  of  piers,  the  span  of  the  bridge,  the  thickness  of  the  piers, 
and  the  profile  of  the  stream  bottom. 

The  limitations  in  the  size  of  the  flume  permitted  tests  to  be 
made  on  only  one  particular  width  between  piers.  Whether  these 
coefficients  can  be  extended  to  other  widths  between  piers  is  a  matter 
of  conjecture.  The  following  are  considerations  which  lead  one  to 
believe  that  this  formula  may  be  applicable  to  a  stream  of  any  width, 
and  for  any  number  of  piers : 

(1)  Coefficients  deduced  by  C.  B.  Stewart,  Assoc.  M.  Am.  Soc. 
C.  E.,  on  orifices  4  ft.  square,  have  about  the  same  value  as 
those  for  small  orifices.  This  principle  may  apply,  as  well, 
to  the  bridge  pier  section. 

(2)  Mr.  Bolton's  experiments  on  trash-racks  prove  that  the  loss 
in  head  due  to  racks  of  a  given  total  area  of  obstruction,  in 
the  flume  in  which  the  tests  were  made,  is  practically  the  same, 
regardless  of  the  spacing  and  width  of  the  individual  bars. 
Although  these  experiments  are  on  a  small  scale,  when  com- 
pared with  bridge  jiiers,  yet,  in  the  absence  of  data  on  a 
larger  scale,  they  add  considerable  weight  in  the  solution  of 
the  bridge  pier  problem. 

(3)  The  width  of  the  stream  is  taken  into  consideration  in  this 
formula,  in  the  large  velocity  of  approach  correction. 

Weisbach's  experiments,  referred  to  herein,  give  values  of  coeffi- 
cients which  do  not  check  with  the  values  given  here.  His  channel 
was  so  small,  however,  and  his  pier  so  nearly  obstructed  the  entire 
flow  of  the  water  (leaving  only  4  mm.  on  each  side  of  the  pier),  that 
it  does  not  seem  at  all  unreasonable  that  his  experiments  should  not 
check.  It  certainly  has  been  a  mistake  to  give  these  experiments  as 
much  prominence  as  they  have  received. 

Working  with  the  data  afforded  by  the  Lackawanna  vs.  Erie  Case, 
mentioned  previously,  and  assuming  the  flood  discharge  as  computed 


843  OBSTEUCTION   OF   BETDGE   PIERS  TO   FLOW   OF   WATER    [Papers. 


I W  (i  il'B  i 


I  If  n  iB  B| 

1  !i  i  1  i  i  I 

I  111 


\\\V/// 


■  *  1!  ■  ■; 

i  1 R  i 


will,  m  m  m 


Papers.l    OBSTRTCTION   OF   BRIDOI-:   I'lEHS  TO   FLOW   OF  WATER  843 

from  Kutter's  formula  to  be  correct,  a  back-water  of  2.30  ft.  would 
have  been  caused  with  square-nose  piers,  or  1.95  ft.  with  the  most 
efficient  pier,  if  computed  on  the  basis  of  the  formula  given  herein. 
These  results  lie  well  inside  the  limits  of  the  different  results  computed 
by  the  engineers  who  took  part  in  this  case,  in  fact,  it  is  almost  a 
mean  of  the  two  extreme  results. 

Fig.  20  shows  how  the  coefficients  vary  with  a  given  pier  nose 
and  different  tails,  and  also  the  variation  with  a  given  tail  and  different 
noses. 

The  coefficients  have  been  computed  to  the  third  decimal  place, 
although  the  accuracy  of  the  experimental  work  certainly  does  not 
warrant  such  refinement.  This  was  done,  iiowever,  in  order  to  distin- 
guish between  the  different  designs  of  piers  which  have  almost  the 
same  efficiency.  On  the  other  hand,  any  variation  in  the  resulting 
coefficients,  from  that  which  one  would  expect  from  a  general  consid- 
eration of  the  effect  produced  by  a  given  head  or  tail,  occurs  only 
in  the  third  decimal  place.  In  these  particular  cases  of  seeming' 
inconsistency,  carrying  the  results  to  the  third  decimal  place  may 
have  been  straining  the  accuracy  of  the  actual  tests.  The  almost 
general  coincidence  of  results  throughout  the  whole  thirty-four  differ- 
ent designs,  even  when  considering  the  values  of  the  coefficients  carried 
to  the  third  decimal  place,  speaks  well  for  the  relative  accuracy  of 
the  experiments,  in  spite  of  a  few  inconsistencies. 

Conclusions. 

These  experiments  have  made  the  following  contribution  to  our 
knowledge  relating  to  the  back-water  caused  by  bridge  piers : 

(1)  It  has  been  demonstrated  that  the  existing  formulas  for  the 
discharge  past  bridge  piers,  and  the  back-water  caused  thereby,  are 
erroneous. 

(2)  In  working  up  the  data  provided  by  these  experiments,  a 
formula,  which  is  substantiated  by  the  results  of  255  experiments, 
was  developed.  It  is  submitted  as  being  far  more  adequate  and  simple 
than  any  of  the  existing  formulas.  Experimental  data  are  not  at 
hand,  however,  which  will  assure  the  accuracy  of  the  formula,  if  applied 
to  conditions  differing  widely  from  those  in  the  writer's  experimental 
flume. 
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(3)  Coefficients  for  thirty-four  different  designs  of  bridge  piers 
are  submitted,  for  application  in  the  writer's  formula. 

(4)  The  main  value  of  these  coefficients  lies  in  the  fact  that  they 
show  the  relative  efficiencies  of  the  different  piers.  This  is  shown  in 
Fig.  20.  The  more  remarkable  conclusions  may  be  summarized  as 
follows : 

I. — The  best  practical  form  of  nose  is  either  the  half-round  or 
the  elliptical  (of  which  Pier  F  is  a  modification).  These 
shapes  give  much  better  efficiencies  than  the  pointed  nose. 

II. — The  best  form  of  tail  is  the  double  curved  form,  like  a  fish 
tail  (Pier  E).  The  back-water  is  materially  decreased  by 
the  adoption  of  such  a  tail.  This  form,  however,  is  not 
practical;  either  the  D  ov  B  modifications  produce  the  second- 
best  results.     These  are  both  practical  shapes. 

111. — The  discharge  coefficient  may  be  increased  from  1  to  3% 
by  substituting  an  efficient  tail  for  the  square  one.  This 
means  a  decrease  of  from  7  to  25%  in  the  amount  of  back- 
water at  a  stream  velocity  of  4  ft.  per  sec.  This  demonstrates 
clearly  the  importance  of  the  shape  of  the  tail  of  a  pier. 

IV. — The  discharge  coefficient  can  be  increased  from  5  to  6% 
by  substituting  a  half-round  nose  for  a  square  one.  This 
means  a  decrease  in  the  amoimt  of  back-water  of  from  35 
to  45%,  with  a  stream  velocity  of  4  ft.  per  sec. 

V. — The  decrease  in  the  amount  of  back-water  obtained  by  sub- 
stituting a  90°  point  at  the  tailof  the  pier  for  the  square  end, 
is  negligible;  hence  it  does  not  warrant  the  extra  expense 
of  constructing  such  an  end.  The  round  tail  is  far  superior 
to  the  90°  point,  and  is  almost  as  efficient  as  the  45°  pointed 
tail. 

VI. — For  piers  of  the  same  design,  up  stream  and  down  stream, 
the  half-round  ends  give  the  least  amount  of  back-water. 
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By  Messrs.  Albert  Larsen  and  W.  Watters  Pagox. 


Albert  Larsen,!  Assoc.  M.  Am,  Soc.  C.  E.  (by  letter). :|: — hi  1912  Mr. 
the  Grand  Trunk  Railway  System  reconstructed  a  portion  of  the  ^^^^'^"■ 
Back  Cove  Bridge,  at  Portland,  Me.,  building  two  rest  piers  and 
re-capping  the  center  pier.  The  center  pier,  built  in  1892,  was  of 
granite  ashlar,  and  was  in  such  good  condition  that  it  is  still  used 
as  the  center  pier,  even  with  the  increased  loading.  During  the 
progress  of  the  construction  of  the  piers  in  1912  Mr.  Armour,  Masonry 
Engineer,  Mr.  Durham,  of  the  J.  S.  Metcalf  Company,  and  the  writer 
investigated  the  durability  of  concrete  in  sea  water  in  order  to  deter- 
mine its  suitability  for  the  new  rest  piers.  Various  concrete  struc- 
tures (including  the  test  piles  of  the  Aberthaw  Construction  Com- 
pany), were  visited  in  Boston  Harbor,  and  from  these  observations 
it  was  finally  decided  to  face  the  rest  piers  with  granite  ashlar,  backed 
with  concrete.  The  Grand  Trunk  Railway  System  contemplated 
future  work  in  Portland  Harbor,  and  therefore  actual  resvilts  of 
concrete  placed  in  sea  water  were  desirable.  Ten  12  by  10-in.  test 
piles,  16  ft.  long,  were  made  by  various  water-proofing  methods,  and 
immersed  in  sea  water.  Six  piles  were  treated  with  integral  water- 
proofing; two  were  plain,  one  of  which  was  cured  in  the  open  for  3 
months  before  being  immersed;  and  two  were  treated  with  external 
water-proofing.  A  1:2:4  mixture  was  used,  with  sand  and  crushed 
stone  aggregates.     The  percentage  of  voids  in  the  sand  was  33. 

*  Discussion  of  the  paper  by  R.  E.  Bakenhus,  M.  Am.  Soc.  C.  E.,  continued  from 
April,  1917,  Proceedings. 
t  Providence,  R.  I. 
t  Received  by  the  Secretary,  April  7th,  1917. 
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Larsen. 
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The  proportions   and   different  methods   of  water-proofing  for  the 
piles  are  stated  in  Table  11. 

TABLE  11. 


Pile 
No. 


Treatment. 


Plain  (cured  in  open,  3  months) 

Lye  and  alum  (external ) 

Plain 

Water  glass  (external) 

Water-proof  cement  ("  ^  ") 

Regular   cement    plus    the    water-proofing 

compound  ( "  S  " )  

Regular   cement    plus    the    water-proofing 

compound  ("  C") 

Regular   cement    plus    the    water-proofing 

compound  ("  D  ") 

Regular   cement    plus    the    water-proofing 

compound  (•'£") 

Regular   cement    plus    the    water-prooflng 

compound  (*'  F") 


Cubic 

Cubic 

Cubic 

feet  of 

feet  of 

feet  of 

cement. 

stone. 

sand. 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

5 

20 

10 

Gallons 

of 
water. 


Water-proof  cement  was  used  in  Pile  No.  5,  and  the  others  contained 
■'Knickerbocker"  cement,  either  alone  or  in  combination  with  water- 
proofing compound.  A  i-yd.  Smith  mixer  was  used;  each  batch  was 
turned  26  times,  and  the  time  was  IJ  min.  Portland  City  water  was 
used. 

The  following  results  were  obtained  with  the  cement: 

Neat.  Sand. 

One-day   test 390  1b. 

Seven-day   test 628    "  318  1b. 

Twenty-eight-day    test 735    "  405    " 

The  chemical  analysis  of  the  cement  was  as  follows: 

Si   O^.... 23.46 

Fe  O, 9.35 

Ca  O" 61.24 

Mg  O 3.59 

SO3     1.60 

Loss    0.64 

The  piles  were  fastened  to  the  pile  trestle  adjoining  the  spur-track 
leading  to  the  coal  pockets,  and  were  made  and  immersed  in  the 
water  on  the  following  dates : 


No. 


Moulded. 

.October    10th, 

3d, 

10th, 

3d, 

3d, 


1912. 


Placed. 

January  23d, 

1913. 

October    23d, 

1912. 

"         24th, 

.i 

24th, 

a 

18th, 

n 
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Fig.   2. — Specimen  Piles  Tested  in  Sea  Water. 


Fig.  3. — Specimen  Piles  Tested  in  Sea  Water. 
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Moulded.  Placed.  j^j. 

No.     (•> October  10th,  1912.  October  24th,  1912.  LarBen. 

7 "    4th,   "        "        18th,   " 

8 "  4th,  "  "         18th,  " 

9 "     4th,   "        "         18th,   " 

10 "     4th,   "        "    18th,   " 

The  following  is  the  formula  for  the  Sylvester  wash  used  in  Pile 
No.  2 :  To  2  gal.  of  water  add  1  lb.  of  concentrated  lye  and  5  lb.  of 
alum,  and  mix  until  completely  dissolved.  This  is  a  concentrated 
stock.  When  used,  1  pint  of  stock  solution  and  10  lb.  of  cement  are 
mixed  with  enough  water  to  make  a  mixture  that  will  lather  freely 
under  the  brush.  Two  coats  are  applied,  the  first  as  soon  as  the 
forms  are  removed  (the  surface  must  be  wet),  and  the  second  as 
soon  as  the  first  is  dry. 

The  formula  for  the  water-glass  or  sodium  silicate  method  of  water- 
proofing (Albert  Meyer)  is  as  follows:  After  the  forms  are  removed, 
grind  with  a  carborundum  stone  any  projections  due  to  the  concrete 
seeping  through  the  joints  between  the  boards.  Keep  the  surface 
damp  for  2  weeks  after  placing  the  concrete.  Wash  the  surface  thor- 
oughly and  allow  it  to  dry.  Mix  a  solution  of  1  part  water-glass 
(sodium  silicate)  40°  Baiune,  with  from  4  to  6  parts  of  water,  total 
5  to  7  parts,  according  to  the  density  of  the  concrete  surface  treated. 
The  denser  the  surface  the  weaker  should  be  the  solution.  Apply  the 
water-glass  solution  with  a  brush.  After  4  hours  and  within  24  hours, 
wash  off  the  surface  with  clear  water.  Again  allow  the  surface  to  dry. 
When  dry  apply  another  coat  of  water-glass  solution.  After  4  hours 
and  within  24  hours,  again  "wash  off  the  surface  with  clear  water  and 
allow  to  dry.  Repeat  this  process  for  three  or  four  coats,  which  should 
be  sufficient  to  close  the  pores. 

The  water-glass  which  penetrates  the  pores  comes  in  contact  with 
the  alkalies  in  the  cement  and  concrete,  and  forms  an  insoluble  hard 
material,  causing  the  surface  to  become  very  hard  to  a  depth  of 
I  to  i  in.  according  to  the  density  of  the  concrete.  The  excess  of 
sodium  silicate  which  remains  on  the  surface,  not  having  come  in 
contact  wdth  the  alkalies,  is  soluble,  and  is  easily  washed  off  with  water. 
The  reason  for  washing  off  the  surface  between  each  coat  and  allowing 
the  surface  to  dry  is  to  obtain  a  more  thorough  penetration  of  the 
sodium  silicate. 

The  tops  of  the  concrete  piers  were  treated  by  the  water-glass 
method,  and  Avhen  examined  on  March  13th,  191Y,  were  found  to  be 
in  as  good  condition  as  when  treated.  The  tops  were  finished  with 
a  1 :  2  mortar  with  granite  chips. 

The  piles  were  examined  by  the  writer  on  March  13th,  191Y,  and 
photographs  then  taken  are  reproduced  as  Figs.  2  and  3. 

The  fungous  growth  was  not  removed  from  the  piles. 
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Mr.  The  following  indicates  the  condition  of  the  piles: 

Larsen.  ,^  •■.        ~r>      r  i-   • 

Jr^eriect  condition. 


No.  1  pile 

No.  3     " 

No.  4     " 

No.  2     " 

No.  5    " 

No.  7    " 

No.  9     " 

No.  6     " 


Nearly  perfect  condition, 
a  a  « 

Yery  marked  deterioration  at  base  of  pile. 

"  "  "  from   low    to   high   tide. 


Very    decided    deterioration   from    low   to    high    tide; 

very  bad  condition. 
No.  8     "    :  Very    decided    deterioration    from   low   to    high   tide; 

very  bad  condition. 
No.  10  "    :  Very    decided   deterioration    from   low   to    high   tide; 

very  bad  condition. 

The  results  are  very  interesting,  and  confirm  in  a  general  way  the 
conclusion  of  Mr.  Bakenhus  that  a  1:2:4  is  better  than  a  leaner 
mixture;  that  external  water-proofing  does  not  help  when  the  concrete 
has  been  made  as  dense  as  possible;  and  that  integral  water-proofing 
has  a  detrimental  effect  on  concrete. 

From  the  writer's  observations  he  would  say  that,  once  the  concrete 
is  affected  by  the  action  of  the  sea  water,  the  rapidity  of  the  disin- 
tegration is  increased,  as  the  water  gets  in  between  the  stones  and 
the  mortar  faster  and  thus  breaks  up  the  concrete.  The  writer  thinks 
this  may  be  overcome  by  facing  the  concrete  with  a  dense  mortar 
to  a  depth  of  from  1^  to  2  in.  This  may  be  done  during  the  process 
of  building,  or  afterward  by  the  cement  gun.  It  would  be  interesting 
to  experiment  with  concrete  made  by  either  of  these  methods. 
Mr.  W.  Waiters  Pagon,*  M.  Am.  Soc.  C.  E.  (by  letter).! — The  author 

^^""'  has  summarized  the  most  Taluable  series  of  tests  that  have  been  made 
in  the  United  States;  tests  that  are  on  a  par  with  the  several  series 
made  in  Germany,  Norway,  and  Russia  some  years  ago ;  and  the  writer 
feels  that  he  should  be  accorded  the  sincere  appreciation  of  the  Pro- 
fession. 

The  destructive  action  of  sea  water  on  concrete  has  become  in 
recent  years  a  very  serious  subject  in  all  those  cities  on  the  Atlantic 
Coast  north  of  New  York  City,  and  in  corresponding  climatic  regions 
on  other  sea  coasts.  South  of  New  York  City,  the  writer  is  aware  of 
only  two  cases  of  disintegration,  one  at  Atlantic  City:}:  and  the  other 
in  Chesapeake  Bay,  but  both  were  special  cases. 

The  writer's  experience  in  a  specific  case  on  the  Connecticut 
shore  of  Long  Island  Sound  may  be  of  interest,  and  is  quoted  briefly 

*  Baltimore,  Md. 

t  Received  by  the  Secretary,  April  13th,  1917. 

%  "Report  on  the  Destructive  Action  of  Sea  Water  on  Concrete",   reprinted  from 
the  Monthly  Journal  of  The  Engineers'  Club  of  Baltimore. 
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liere  from  a  paper  written  by  him,  and  now  on  file  in  the  Society's  Mr. 
Library.  The  concrete  which  suffered  from  the  sea- water  action  ^^^°- 
consisted  of  the  copings  of  a  series  of  bridge  piers  which  were  faced 
with  granite  masonry  below  the  coping.  The  facing  extended  up  to 
mean  high  tide,  but  the  copings,  which  extended  from  this  point 
(Elevation  0)  to  Elevation  +  1.5,  were  of  1:2:4  concrete  without 
facing. 

Pier  No.  4,  which  suffered  most  severely,  was  constructed  on 
December  19th,  1913,  during  weather  sufficiently  cold  to  require  the 
use  of  steam  to  warm  the  mixing  water.  After  placing,  the  concrete 
was  covered  with  a  tarpaulin,  stretched  from  one  side  of  the  coffer- 
dam to  the  other,  and  cold  steam  was  allowed  to  escape  beneath  this. 
During  the  week  of  January  19th  to  24th,  1914,  there  was  consider- 
able freezing  weather,  accompanied  by  high  tides.  The  result  was 
the  formation  of  a  thick  ice  coating  over  the  concrete  surfaces.  When 
this  had  melted,  on  January  26th,  it  was  found  that  the  surface  of 
Pier  No.  4  had  been  loosened,  and  large  pieces  of  scale  could  be 
removed.  Within  a  week  the  mortar  between  the  stones  of  the  gravel 
had  disintegrated  and  fallen  out,  leaving  the  stones  projecting.  The 
loose  portions  were  removed  with  a  hammer,  and  behind  them  the 
concrete  was  perfectly  sound.  At  the  end  of  two  weeks,  the  ice 
coating  formed  again,  and  when  this  had  disappeared  the  erosion 
was  found  to  have  increased  greatly. 

The  concrete  used  throughout  the  work  was  of  a  wet  "sloppy" 
consistency.  The  forms  were  tight,  so  that  there  were  no  pockets. 
Immediately  after  removing  the  forms,  the  surfaces  were  rubbed  with 
carborundum  blocks.  Cow  Bay  sand  was  used,  and  a  mechanical 
analysis  showed  it  to  be  too  fine;  there  was  also  some  clay.  Analysis 
of  the  cement  showed  it  to  be  excellent.  Later,  a  coarser  sand  was 
used,  with  the  results  described  hereinafter. 

In  the  paper  quoted,  the  writer  discussed  in  detail  the  various 
possible  causes  of  this  disintegration,  and  he  refers  interested  readers 
thereto.  He  felt  that  undoubtedly  the  fineness  of  the  sand  was  one  of 
the  factors  causing  disintegration,  and,  therefore,  drew  up  a  specifica- 
tion for  the  sand  which  was  used  in  all  later  work,  under  which,  for 
acceptance,  not  more  than  70%  should  pass  the  No.  20  sieve.  Long 
Island  sand  testing  as  low  as  40%  could  be  obtained  from  one  dealer, 
but  it  was  found  that  sand  which  tested  below  60%  was  too  coarse 
for  reinforced  concrete  work,  where  a  smooth,  easy  flowing  concrete 
is  necessary.  To  avoid  delay  in  obtaining  sand,  70%  was  adopted  as 
a  criterion,  and  immediately  a  noticeable  change  in  the  strength  of 
the  concrete  was  shown  in  all  the  field  tests,  in  the  time  of  setting 
of  the  concrete,  and  also  by  observation  of  the  concrete  itself. 

In  the  writer's  opinion,  however,  the  sand  was  by  no  means  the 
governing  factor.     From  the  detailed  description  which  is  given   in 
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Mr.  the  paper  quoted,  it  will  be  seen  that  the  first  failure  of  the  surface 
^^°°'  skin  on  the  concrete  always  took  place  where  a  pebble  of  the  gravel 
aggregate  was  close  to  the  surface,  and  where,  therefore,  the  surface 
skin  had  small  adhesion  to  the  backing.  After  this  area  of  skin 
had  peeled  off,  it  was  a  simple  matter  for  the  water,  working  its  way 
along  the  surface  of  the  pebble,  to  force  off  (by  freezing)  the  surface 
skin  between  pebbles.  When  the  skin  was  gone,  the  porosity  of  the 
concrete,  due  to  the  fineness  of  the  sand,  caused  the  disintegration 
of  this  mortar,  as  previously  described.  Photographs  of  the  concrete 
just  after  the  beginning  of  disintegration  revealed  innumerable  little 
"pock-marks"  where  the  pebbles  showed  through  the  broken  skin. 

In  order  to  test  this  theory,  three  specimens  were  made  for  the 
writer  by  the  contractors,  McHarg-Barton  Company.  These  were 
4  by  4-in.  by  10  ft.,  reinforced  axially  with  a  |-in.  round  bar,  hooked 
at  the  upper  end.     The  mixtures  were  as  follows : 

Specimen   No.  1 1:2:0 

No.  2 1:2:4 

No.  3 1:U:3 

These  were  removed  from  the  forms  in  24  hours  (in  order  to  simulate 
as  nearly  as  possible  the  temperature  and  greenness  conditions  of 
the  pier  coping).  No.  2  was  cracked  in  handling  in  one  place;  No. 
3  in  three  places.  When  3  days  old  the  specimens  were  hung  in  the 
river  so  as  to  extend  above  high  tide  and  below  low  tide. 

After  the  first  tide,  they  were  all  covered  with  a  white  coating, 
except  on  the  troweled  face.  At  the  end  of  5  weeks,  while  they  were 
being  shifted  to  another  place,  they  were  accidentally  lost.  No. 
1,  however,  was  in  perfect  condition ;  Nos.  2  and  3  were  rather  badly 
eaten  away,  especially  at  the  cracks,  where,  in  fact.  No.  2  was  eaten 
away  so  completely  as  to  expose  the  rod. 

The  theory  having  proved  satisfactory,  so  far  as  the  test  went, 
it  was  decided  to  c;it  away  the  face  of  the  coping  and  replace  it  with 
1 :  2  mortar  made  of  sand  bought  under  the  new  specification.  This 
was  done  on  April  4th,  1914,  the  mortar  being  mixed  to  such  a 
consistency  that  it  could  be  poured  and  stirred  like  thick  cream. 
The  forms  were  left  on  for  a  couple  of  weeks  to  protect  the  concrete 
from  the  sea  water  as  far  as  possible.  When  they  were  removed,  the 
mortar  was  in  good  condition,  although  there  were  numerous  in- 
stances of  bubbles  having  formed  while  it  was  being  handled  and 
placed.  The  surface  was  not  rubbed  for  fear  of  causing  injury  to 
the  protecting  skin. 

When  examined  2  years  later,  this  mortar  facing  was  in  perfect 
condition,  although  it  had  passed  through  two  winters.  This  would 
seem  to  confirm  the  theory,  in  so  far  as  one  test  can  confirm  it. 
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If  other  members  of  the  Society  have  had  similar  experiences,  it  Mr. 
would  certainly  be  valuable  to  hear  from  them,  and  the  writer's  only  ^° 
regret  has  been  that  in  the  Aberthaw  tests,  described  by  Mr.  Bakenhus, 
none  of  the  specimens  was  of  mortar  only.  The  writer  feels  strongly 
that  the  relatively  good  condition  of  the  1:1:2  specimens  is  due  not 
onlj^  to  the  greater  percentage  of  cement  to  aggregate,  but  also  to  the 
greater  percentage  of  cement  and  sand  combined  to  stone,  or,  in 
other  words,  that  a  1 :  1 :  2  mixture  approaches  more  nearly  to  a  mortar. 
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MULTIPLE-ARCH  DAMS 
ON  RUSH  CREEK,  CALIFORNIA 

Discussion,* 


By  Messrs.  F.  O.  Blackwell  and  A.  D.  Flinn. 


F.  O.  Blackwell,!  M.  Am.  Soc.  C.  E. — This  paper  is  a  valuable       Mr. 
contribution  to  the  theory  of  multiple-arch  dam  design,  particularly     ^^  ^^  ' 
as  to  the  economical  spacing  of  the  piers  and  the  thickness  of  the 
arch.     The  dam  sites  are  on  small  drainage  areas,  high  in  the  moun- 
tains, where  labor  and  materials  are  very  expensive.    It  has  been  stated^ 
that  the  cement  for  these  dams  cost  $7.50  per  bbl. 

A  very  conservative  design  might  have  been  prohibitive  in  cost, 
and  probably  the  region  is  uninhabited  and  no  damage  to  life  or 
property  would  result  in  case  of  failure. 

The  sections  appear  to  be  very  thin  for  a  40-ft.  span,  and  the  rein- 
forcement is  extremely  light.  The  use  of  more  concrete  would  have 
added  much  to  the  ability  of  the  structure  to  resist  unexpected  floods, 
ice  thrust,  changes  of  temperature,  etc. 

It  is  always  desirable,  too,  to  have  a  good  margin  over  theoretical 
quantities  in  order  to  allow  for  poor  material  and  workmanship, 
which  will  occasionally  be  found,  no  matter  how  careful  the  engineeer 
may  be. 

A  fair  comparison  between  this  dam  and  other  types  is  difficult 
to  make,  as  the  standards  are  quite  different,  but  the  multiple-arch 
appears  to  be  cheaper  than  any  other  kind  under  the  conditions  which 
existed  at  the  location,  except  possibly  a  rock  fill  with  a  thin  vertical 

*  This  discussion  (of  the  paper  by  L.  R.  Jorgensen,  M.  Am.  Soc.  C.  E.,  published 
in  March,  1917,  Proceedings,  and  presented  at  the  meeting  of  April  18th,  1917),  is 
printed  in  Proceedincis  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  New  York  City. 

t  In  an  article  In  Engineering  News. 
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core-wall.     The  author  states  that  there  was  loose  rock  but  no  earth 
at  the  sites. 

The  usual  type  of  solid,  retaining-section,  gravity  dam  would  have 
required  about  four  times  as  much  concrete  as  was  used  in  the  dam 
as  built,  but  from  25  to  40%  of  cheap  rock  might  have  been  laid 
in  thick  concrete  sections,  and  concrete  containing  less  cement  might 
have  been  used.  The  form  work  and  cost  of  forms  and  placing  would 
also  be  less  in  a  large  mass. 

Including  engineering  and  overhead  expenses,  the  multiple-arch 
dam  probably  cost  about  $30  per  cu.  yd.,  so  that  a  gravity  dam  would 
have  to  be  built  for  $7.50  per  cu.  yd.  in  order  to  equal  it  in  cost. 

In  an  accessible  location,  and  with  concrete  rubble  masonry  at  from 
$3  to  $4  per  cu.  yd.,  the  solid  dam,  in  the  speaker's  experience,  has 
always  figured  out  to  be  cheaper  than  any  multiple-arch  or  reinforced 
design. 

Compared  with  a  reinforced  concrete  slab  dam,  the  multiple-arch 
seems  to  have  the  advantage  in  cost.  The  piers  would  have  to  be  twice 
as  many,  the  deck  thicker,  and  the  reinforcing  metal  in  the  deck 
about  ten  times  as  great. 

One  of  the  principal  objections  to  a  multiple-arch  is  the  fact  that 
the  sections  are  all  dependent  on  each  other  for  stability.  If  one 
pier  should  settle,  the  arches  on  each  side  of  it  would  break,  and,  as 
there  is  nothing  to  take  the  thrust  of  the  remaining  arches,  they  would 
push  over  their  piers,  and  the  whole  dam  would  collapse.  The  struts 
between  the  piers  could  not  be  relied  on  to  save  the  dam  from  com- 
plete failure,  as  the  movement  of  any  pier  would  throw  them  out  of 
line  and  cause  a  resultant  tlirust,  tending  to  push  the  pier  in  the  direc- 
tion in  which  it  had  already  started  to  move.  Rigid  foundations,  such 
as  the  author  states  exist  iii  this  case,  are  essential. 

The  Great  Western  Power  Company  started  to  build  a  multiple-arch 
dam  at  Great  Meadows,  on  the  Feather  River,  California,  but  aban- 
doned it  in  favor  of  a  rock  fill  with  an  earth  face  sluiced  into  place 
on  the  up-stream  side  to  make  it  water-tight  and  cover  the  bottom 
for  a  considerable  distance  up  stream.  The  lava  foundations,  on  being 
opened  up,  were  found  to  contain  mud  seams,  which  might  have  moved 
under  the  piers.  As  a  general  principle,  a  dam  should  be  no  better 
than  its  foundations.  On  a  yielding  bottom  a  dam  of  a  flexible  type 
is  required. 

There  is  one  important  matter  that  Mr.  Jorgensen  does  not  mention : 
At  an  altitude  of  D  000  ft.  in  the  Sierras  it  must  be  very  cold  at  times, 
and  thick  ice  must  form  in  the  reservoir.  The  thin  arch  is  not  much 
protection  against  cold,  ice  must  form  to  a  considerable  thickness 
on  the  face  of  the  dam,  and  such  cracks  as  develop  will  be  filled  with 
ice.  There  may  also  be  ice  thrust  against  the  dam,  which  could  have 
serious  results.    With  a  mass  of  ice  frozen  fast  to  the  arches,  the  inclina- 
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tioii  of  tlie  face  would  uot  relieve  this  pressure.  Floating  masses  of  Mr. 
ice  may  also  drift  against  the  arches,  thus  causing  concentrated  pres- 
sures on  parts  of  the  dam,  and  the  arches  are  not  designed  to  stand 
unbalanced  pressures.  One  advantage  of  the  ordinary  form  of  masonry 
dam  is  the  weight  of  its  large  mass,  which  will  stand  considerable 
impact  without  damage. 

The  spillway  does  not  look  very  large,  and  would  be  likely  to  be 
choked  with  floating  ice,  in  which  case  the  water  would  go  over  the 
top  of  the  arches.  If  this  occurred,  and  the  water  carried  ice  with  it, 
the  ice  would  fall  on  the  struts  between  the  piers  and  might  damage 
them.  A  deck  on  top  of  the  dam  would  carry  the  water  so  that  it 
\\ould  fall  below  the  dam  and  not  injure  the  struts  and  the  foundations. 
It  would  also  strengthen  the  top  of  the  arch  against  ice  thrust  and 
would  tie  the  piers  together  better. 

A  pressure  of  nearly  23  tons  per  sq.  ft.  seems  to  be  extreme  for  a 
practically  unreinforced  and  slender  pier  90  ft.  high. 

The  coefficient  of  friction  against  sliding  on  the  foundations  is 
0.80  as  compared  with  0.65  in  most  solid  dam  designs.  If  the  rock 
were  smooth  or  horizontally  stratified  this  might  be  unsafe. 

It  would  be  very  interesting  to  hear  from  the  author  as  to  whether 
there  has  been  any  leakage  through  the  arches,  or  whether  any  trouble 
has  been  experienced  from  ice. 

A.  D.  Flinn,*  M.  Am.  Soc.  C.  E. — Minimizing  the  quantity  of  Mr. 
masonry  to  be  used  in  a  dam  naturally  occurs  to  any  one  who  has  '°°" 
given  much  thouglit  to  the  design  of  large  masonry  dams.  The  idea 
of  accomplishing  this  by  arches  and  buttresses  seems  to  have  occurred 
to  engineers  in  different  parts  of  the  world  many  years  ago,  for  such 
dams  have  been  built  in  India  and  Australia,  as  well  as  in  America. 
They  have  sometimes  been  called  buttressed  dams.  There  appear 
to  be  three  important  varieties :  One,  of  which  the  Meeralum  Dam 
in  India  is  an  example,  has  the  arches  vertical,  with  the  buttresses 
sloping  on  their  down-stream  sides  or  faces;  a  second  variety  is  sim- 
ilar, but  has  the  spandrel  spaces  filled  with  masonry ;  and  the  third 
variety,  to  which  the  dams  described  in  the  paper  belong,  has  the 
arches  inclined,  with  the  down-stream  faces  of  the  buttresses  vertical, 
or  nearly  so. 

Mr.  Blackwell  has  referred  to  the  disadvantages  of  thin  sections 
in  such  structures.  The  speaker  would  like  to  emphasize  that  point, 
on  the  basis  of  some  experiences  with  concrete  within  the  last  few 
years.  Possibly,  some  other  engineers  have  also  had 'experiences  show- 
ing that  Portland  cement  concrete  under  certain  conditions  disin- 
tegrates when  exposed  to  weather,  and  particularly  when  exposed  to 
weather   and   water   together.      The   cause   for   such   disintegration   is 

*  New  York  City. 
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Mr.  not  yet  fully  known,  but  it  seems  to  be  due  in  part  to  abuse  of  the 
'°°'  concrete  (or  rather  of  the  cement  in  it)  by  the  use  of  excessive  quan- 
tities of  water  in  mixing,  and  leaving  it  in  the  concrete  when  it 
is  finally  placed  in  the  forms.  The  speaker  knows  of  one  or  two 
cases  in  which  disintegration,  apparently  due  to  this  cause,  has 
gone  on  rapidly.  Therefore,  it  is  quite  evident  that  a  structure 
like  a  dam,  with  walls  as  thin  as  12  to  24  in.,  would  not  long  resist 
such  an  attack,  if  it  should  set  in. 

Another  question — one  of  economy — has  occurred  to  the  speaker. 
In  the  East,  dam  sites  are  usually  overlaid  with  glacial  drift  or  other 
earthy  deposit  to  considerable  depths.  Rarely  does  one  find  the  nearly 
exposed  rock  foundations  with  which  the  West  is  favored  in  many 
places.  It  would  seem  that  digging  through  a  considerable  depth  of 
earth  for  the  arches  and  the  buttresses  would  be  a  handicap  to  the 
multiple-arch  dam,  in  comparison  with  the  "solid"  masonry  dam. 

Another  thought  which  occurs  to  one  in  looking  at  dams  of  this 
design,  is  along  a  line  on  which  American  engineers  have  not  directed 
very  much  attention  until  within  the  past  2  or  3  years,  and  that  is, 
the  vulnerability  of  structures  to  attack  either  by  malicious  persons 
or  by  an  enemy.  It  seems  to  the  speaker  that  a  "hollow"  dam  might 
be  easily  wrecked,  if  not  guarded,  in  time  of  war,  strike,  or  riot,  and 
that  a  person  of  malicious  intent,  in  the  case  of  any  such  trouble, 
could  readily  do  a  structure  of  this  kind  great  injury  in  a  few 
hours,  or  even  in  a  briefer  time.  One  of  the  important  considerations 
in  providing  for  the  guarding  of  a  structure  is  to  have  it  so  arranged 
or  so  strong  that  it  can  be  easily  protected,  and  by  the  minimum 
number  of  troops. 

In  comparing  the  three  forms  of  multiple-arch  dams  which  have 
been  mentioned,  the  question  naturally  arises:  What  are  the  relative 
advantages  between  the  arch  set  vertically  with  the  buttresses  sloping 
on  the  down-stream  side,  and  the  type  of  dam  described  in  the  paper, 
with  the  arches  sloping  and  the  buttresses  having  vertical  faces  on 
the  down-stream  side?  Is  there  a  distinct  advantage  in  either  case, 
or  is  the  difference  solely  due  to  an  endeavor  to  secure  patent  rights, 
or  some  other  commercial  advantage?  If  any  variety  of  multiple-arch 
dam  has  advantages  over  the  others,  will  not  the  author  or  some  other 
engineer  who  has  devoted  special  study  to  this  type,  state  these 
advantages?  The  speaker  is  interested  as  to  the  readiness  or  difficulty 
of  making  a  dam  of  this  kind,  together  with  its  foundations,  sufficiently 
water-tight,  and  what  standard  of  water-tightness  is  accepted.  Would 
the  leakage  permitted  be  greater  than  that  from  a  well-built  "solid" 
masonry  dam?  As  time  goes  by,  do  the  agencies  which  make  for 
greater  water-tightness  prevail  over  those  which  tend  to  produce  leaks? 
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Harry  Y.  Carson,!  Jun.  Am.  Soc.  C.  E.  (by  letter).:}: — It  would  Mr. 
be  a  valuable  addition  to  engineering  literature  if  some  one  were  ^'"^°°' 
to  compile  a  comprehensive  and  authoritative  paper  or  thesis  on  joints 
for  cast-iron  pipe.  Much  has  appeared  in  the  technical  press,  as  well 
as  before  technical  societies,  with  reference  to  the  leakage  of  water 
and  gas  from  imderground  mains,  but,  obviously,  not  enough  has 
yet  been  done  to  bring  about  a  general  improvement  in  the  prevention 
of  these  large  percentages  of  wasted  water  and  gas.  This  paper  is 
a  valuable  contribution  to  such  literature  as  now  exists. 

The  causes  for  the  normal  leakage  at  joints  in  mains  may  be 
classified  as  follows : 

1. — Contraction  and  expansion; 
2. — Unequal  settlement; 
3. — Vibration  and  shock. 

A  fourth  cause  may  be  corrosion,  but  a  very  able  paper  entitled 
'External  Corrosion  of  Cast-Iron  Pipe"||,  by  Marshall  R.  Pugh,  M. 
Am.  Soc.  C.  E.,  points  out  that  deterioration  in  cast-iron  pipe,  as 
compared  to  other  materials,  is  practically  nil;   that  the  oldest  cast- 

*  This  discussion  (of  the  paper  by  Clark  H.  Shaw,  Assoc.  M.  Am.  Soc.  C.  E.,  pub- 
lished in  March,  1917,  Proceedings,  and  presented  at  the  meeting  of  April  18th,  1917), 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  New  Y'ork  City. 

t  Received  by  the  Secretary,  April  9th,  1917. 

II  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVIII,  p.  806. 
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Mr.      iron  pipe,  flanged,  and  in   1-m.  lengths,  put  into  service  more   than 


Carson 


250  years  ago  has  shown  no  appreciable  loss  in  wall  thickness  or 
strength,  and  that:  "experience  has  not  been  sufficiently  long  to 
establish  just  what  its  life  is."  The  chief  consideration  for  cast-iron 
pipe,  therefore,  may  be  said  to  center  about  the  type  of  joint  best 
suited  to  prevent  waste  through  leakage. 

Contraction  and  expansion  exist  in  all  mains,  and  vary  in  direct 
pi-oportion  to  changes  in  the  temperature  of  the  pipe  line.  The 
movement  caused  thereby,  though  slight,  and  scarcely  ever  exceeding 
2  in.  per  1 000  ft.,  is  absolutely  irresistible,  and  its  effect  must  be 
taken  care  of  properly,  or  disaster  is  sure  to  result.  No  material  is 
of  sufficient  strength  to  resist  its  pbwer  if  rigidly  maintained  against 
it.  Contraction  and  expansion  produce  by  far  the  greatest  proportion 
of  normal  leakage  in  mains.  Because  of  its  inelasticity  and  fragility, 
cement,  as  a  material  for  jointing  cast-iron  pipe,  has  always  been 
questioned.     This  in  spite  of  the  fact  that  it  is  very  cheap. 

The  author  makes  the  following  statement : 

*'Long  Beach  now  has  60  miles  of  cast-iron  water  mains,  -^  ^  * 
laid  with  joints  of  this  [cement]  type.  All  these  pipes  are  under 
pressures  ranging  from  40  to  80  lb.  per  sq.  in.,  and  are  giving 
perfect  satisfaction." 

He  presents  no  data,  however,  by  which  the  satisfactory  perform- 
ance of  the  line  may  be  measured,  as  he  has  not  submitted  any 
information  as  to  tests  made  for  leakage  or  figures  as  to  its  quantity. 
Manifestly,  without  this  information  it  is  difficult  to  see  how  the 
line  can  be  stated  to  be  perfectly  satisfactory. 

The  principal  advantage  of  bell  and  spigot  pipe  when  packed 
with  lead  lies  in  its  ability  to  take  care  of  the  always  existent  con- 
traction and  expansion  at  its  joints,  without  fracture.  Cement  joints 
may  reduce  tlie  number  of  joints  actually  leaking,  but  rigidity  is 
increased  to  such  an  extent  that  there  may  result  an  increasing- 
number  of  fractures  at  those  points.  The  net  leakage  with  cement 
joints,  however,  is  probably  not  materially  different  from  lead. 

Tlanged  jointed  pipe,  in  order  to  withstand  expansion  and  con- 
traction, must  have  expansion  joints  at  very  frequent  intervals. 

Regardless  of  the  kind  of  jointing  material  used,  the  unequal  settle- 
ment of  a  pipe  line  may  cause  normal  leakage  as  well  as  breakage, 
with  extraordinary  leakage.  Damage  ensues  from  settlement  almost 
in  direct  proportion  to  the  relative  rigidity  of  the  joint.  Flanged 
pipe  is  particularly  unsuited  to  conditions  where  unequal  settlement 
prevails,  as  is  the  case  in  the  down-town  or  business  districts  of 
cities,  where  the  streets  are  so  frequently  torn  up. 

Vibration  and  shock  are  exceedingly  deleterious  to  joints  which 
are  rigid,   and  here  again  the  pipe  line  suffers  in  direct   proportion 
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Fig.  10. — Suspended  Line  of  Pipes  with  Metat,-to-Metal  Joints. 
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to   its   rigidity.     The  general  results   are  similar  to   those  caused  by     Mr. 
unequal    settlement.      Moreover,    main    leakage    will    increase    as    the  ^^"■^'^"• 
system  gets  older,  on  account  of  the  loosening  of  the  joints,  through 
contraction  and  expansion,  settlement,  and  vibration. 

A  pipe  joint  in  which  packing  materials  of  every  character  are 
entirely  eliminated,  so  as  to  have  a  ground  metal-to-metal  connection, 
should  give  the  most  desirable  results  of  all.  Joints  of  this  construc- 
tion have  now  been  in  successful  service  for  more  than  15  years; 
and  their  more  general  adoption  will  proceed  from  the  excellent  results 
which  have  been  obtained  from  their  use  for  cast-iron  mains.  In 
joints  of  this  type  the  bell  and  spigot  ends  of  the  pipe  are  machined 
at  slightly  different  tapers,  so  that,  when  entered  in  a  tight  manner, 
the  line  may  settle  without  leakage.  Such  a  pipe  line  is  capable  of 
taking  a  rough  contour  over  the  trench  bottom,  or  of  assuming  a 
comparatively  small  radius  on  any  change  of  alignment. 

Without  the  slightest  leak  whatever,  pipe  and  fittings  made  with 
the  machine  flexible  joints  have  been  used  successfully  to  convey 
hot  water  and  fluids,  such  as  steam,  where  the  maximum  expansion 
and  contraction  would  be  expected. 

Furthermore,  cast-iron  pipe  in  which  all  jointing  material  is 
eliminated  gives  an  ideal  line.  It  cannot  fail  by  subsequent  deterio- 
ration of  the  joining  material.  For  instance,  there  are  many  alkaline 
soils*  where  cement  is  quickly  attacked  by  chemical  action,  which, 
however,  does  not  corrode  the  pipe  itself.f  Moreover,  such  materials 
as  lead,  oakum,  and  cement,  by  virtue  of  their  resistance  to  stray 
electric  currents,  are  knovoi  to  increase  the  damage  to  cast-iron  mains, 
that  sometimes  follows  the  improper  return  of  electric  currents  from 
trolley  car  systems. 

In  so  far  as  settlement  and  vibration  or  shock  become  effective 
factors  in  causing  leakage  from  cement  and  lead  joints,  or  from 
flanged  joints  due  to  breakage  in  the  latter,  no  leakage  has  resulted 
from  proper  metal-to-metal  joints,  and  records  have  repeatedly  shown 
that  such  joints  have  withstood  successfully  and  without  failure  the 
most  severe  conditions  known  in  practice. 

Fig.  10  illustrates  in  a  striking  manner  the  efiiciency  of  joints 
of  this  type.  The  photograph  from  which  this  half  tone  was  made 
was  taken  in  April,  1914,  and  shows  a  line  that  was  laid  across  the 
top  of  a  dam  at  the  plant  of  the  Semet-Solvay  Company,  at  Holt,  Ala. 
The  dam  was  washed  out  by  a  freshet.  The  pipe  settled  as  shown 
in  the  photograph,  but  all  joints  remained  intact.  The  pipe  line  con- 
tinued to  give  uninterrupted  service  while  the  dam  was  being  rebuilt, 
supplying  water  at  a  pressure  of  about  50  lb.  per  sq.  in.     The  sixteen 

*  Investigations  by  Bureau  of  Standards,  U.  S.  Dept.  of  Commerce  (Metal  Worker, 
October  6th,  1916,  p.  136). 

t  Technologic  Paper  No.  25,  Bureau  of  Standards,  U.  S.  Dept.  of  Commerce. 
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leugths  of  pipe  affected,  of  which  twelve  lengths  were  entirely  without 
support,  showed  a  maxirnum  settlement  or  deflection  of  46  in.  at 
the  center  of  the  line. 

F.  M.  Randlett/  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f— This 
paper  is  of  added  interest  to  the  writer  as  the  Water  Department  of 
Portland,  Ore.,  has  been  experimenting  with  cement  joints  for  the 
past  year. 

During  1916,  there  were  laid  1  910  ft.  of  8-in.  and  362  ft.  of  12-in. 
cast-iron  pipe  with  cement  joints,  with  the  most  satisfactory  results. 

i"or  the  purpose  of  investigation,  and  to  illustrate  the  manner  of 
using  the  materials,  three  lines  of  8-in.  cast-iron  pipe  were  laid,  ac- 
cording to  the  specifications  of  the  New  England  Water  Works  Asso- 
ciation, as  follows : 

'         Line  No.  1.    Neat  cement  joints;   3.5  lb.  per  joint;  some  waste; 

cement  joint  about  3  in.  deep. 
Line  No.  2.    Leadite  joints;  4  lb.  per  joint;  2  in.  of  leadite. 
Line  No.  3.     Pig  lead  joints,  caulked;   13.11  lb.  per  joint;  2  in. 

of  lead. 

Each  line  consisted  of  eight  full  lengths,  with  the  four  center  lengths 
arranged  so  that  their  supports  could  be  l-emoved. 

All  were  laid  approximately  level,  and  were  plugged  and  subjected 
to  85  lb.  internal  water  pressure  continuously  after  completing  and 
setting  the  joints. 

The  two  end  lengths  of  each  line  were  braced  securely,  and  were 
supported  and  weighted  down  with  fifteen  lengths  of  8-in.  cast-iron  pipe 
laid  across  the  three  lines  on  each  end. 

Batter  boards  were  set  up  over  each  of  the  five  joints,  and  a  center- 
punch  mark  was  put  on  the  pipe  under  the  center  line  mark  for  each 
line  on  the  batter  boards.  A  flat  space  was  filed  on  each  length  before 
being  center-pvmched,  and  all  measurements  were  taken  later  between 
the  pipe  and  the  batter  boards  at  these  points. 

Several  observations  were  taken  from  time  to  time,  but  Tables  3 
and  4  show  the  results  of  the  tests  as  completed.  Line  No.  1  was 
loaded  with  200  lb.,  placed  at  the  center  of  each  length  after  the  sup- 
ports were  removed. 

Line  No.  2  developed  leaks  at  once,  but  not  until  one  or  two  of  the 
joints  had  pulled  out  considerably  were  they  in  such  a  condition  that 
recaulking  would  not  have  been  sufficient  to  stop  the  leaking  entirely. 

Line  No.  3  developed  leaks  at  several  joints,  varying  from  a  fine 
stream  to  a  slow  drip.  All  these  leaks  had  practically  stopped  at  the 
time  of  the  last  observation. 

*  Portland,  Ore. 

t  Received  by  the  Secretary,  April  16th,  1917. 
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TABLE  3. 


Mr. 
Randlett. 


Line  No.  1. 

Line  No.  2. 

Line  No  3. 

Pipe. 

No. 

Weight, 
in  pounds. 

No. 

Weight, 
in  pounds. 

No. 

Weieht, 
in  pounds. 

Remarks. 

2505 
2101 
3135 
533 
2439 
3526 
1751 
2862 

553 
593 
563 
565 
574 
566 
570 
566 

1826 
1327 
1323 
1300 
1267 
455 
3390 
2220 

550               1251 
571               1370 

566  1317 
570               1329 
562            1    1775 
560                 903 

567  884 
570            1    1753 

580 
560 
.5701 
560' 
582  I 
577  J 
579 
581 

h 

(c 

Suspended  lengths. 

ie'::;::::: 

[/ 

h 

567.5 

564 .25        

573.625 

TABLE  4. — Joint  Tests. — Me.^surements  on  Observation  Points. 

The  First  and  Last  Measurement  in  Each  Observation  is  on  the  Fixed 

Pipe  at  Each  End  of  Each  Line. 

Distances,  in  feet,  from  Batter  Board  to  Top  of  Pipe. 


Date: 

4/24/16 

Date: 

5/10/16 

Difference. 

Distance, 

in  feet, 

from  point 

to  point 

along 

Moved. 

Location  of 
punch  mark. 

center  line 
of  pipe. 

6-1 
6—2 
6-3 

0.855 
0.818  « 
0.781  2 

0.943 
0.907 
0.825 

0.097 
0.0S9 
0.034 

0.006 
0.075 
0.010 

West 

0.83    East  of  bell. 
0.77       "      "      '• 
0.75       "      '•      '• 

d-1 
d-2 
d-3 

0.873  ^ 
0.844  S 
0.790  =5  a 

1.259 
2.350 
1.480 

0.3S6  6  tod 
1.506  6  tod 
0.690  6  to  d 

13.71 
13.71 
13.73 

0.009 

0.06 

0.015 

West 

0.82     West  of  bell. 

0.95 

0.92        "       "      " 

e-1 
e-2 
e-3 

0.870  "SS 
0.880  %  > 
0.812  a  fe 

1.360 

2.988 
1.760 

0.490  d  toe 
2.158  d  toe 
0.948  dtoe 

11.97 

11.975 

11.98 

0.01 

0.015 

0.010 

N.  E. 
West 
East 

0.81    West  of  bell. 

0.85        "      '■      " 
0.75        

0.802  !:  o 
0.782  - 
0.770  o 

1.160 
2.217 
1.401 

0.358  e  to/ 
1.435  e  to/ 
0.631  e  to/ 

12.285 
12. .36 
12.45 

0.97    West  of  bell. 

1.155      "      "      •• 

0.015 

East 

1.175      ' 

g-'l 
flr-3 

0.847  3 
0.812=0 
0.758 

0.890 
0.843 
0.792 

0.043  f  tog 
0.031  f  tog 
0.034/ to  gr 

12.72 
12.63 
13.53 

0.001 

West 

1 .62    West  of  bell. 
1.725      "      ••      '• 

1.62        

Line  No.  1  has  developed  absolutely  no  leaks,  even  under  the  addi- 
tional load  of  200  lb.  per  length.  Lack  of  time  has  prevented  loading 
and  observing  the  effect  of  such  loading  to  destruction  of  the  pipe  or 
joint.     This  will  be  done  later. 

Fig.  11  shows  how  the  three  mains  were  laid.  The  letters  refer  to 
the  length  of  pipe  under  which  they  appear.     The  punch  marks  were 
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Mr.      lettered  according  to  the  length  of  pipe  on  which  they  occur,  and  the 
■  joints  were  lettered  according  to  the  length  of  pipe  containing  the 
punch   mark.     The  longitudinal   distance  was  measured  from  punch 
mark  to  punch  mark. 


H 


leugths  of  S-in.v— ^ 
caeUiconjjipe     J 


bed  ""  e  '"*"  / 

Loaded  with  15"' 

1916  TESTS 

OF 

DIFFERENT  TYPES  OF  JOINTS  FOR  CAST-IRON   PIPE 

WATER  DEPARTMENT, -PORTUND,  ORE. 

Fig.   11. 


fXoaded  w'iih  16 
* — {  lengths  of  8  in, 
I  ca6t-iron  pipe 


h 


The  cost  per  pound  of  the  joint  material  was:  Hemp, 
.09;  leadite,  $0.12;  cement,  $0.0055. 
The  cost  per  joint  for  material  was  about  as  follows: 

Line  No.  1 :  Hemp,       0.20  lb.  at  $0,003       $0,006 
Cement,    3.5      "     "      0.0055       0.01925 


.03;  lead, 


Line  No.  2:  Hemp,       0.45  lb,  at  $0.03 
Leadite,    4.00    "    "      0.12 

ZweiVo.  S;  Hemp,       0.45  lb.  at  $0.03 
Lead,       13.00    "    "      0.09 


$0.0135 
0.48 

$0.0135 
1.1799 


$0.02525 


0.4935 


1.1934 


The  average  weight  per  foot  of  the  12-ft.  lengths  of  pipe,  including 
the  bells,  was: 

Line  No.  1 :  567.5  lb.  per  length  =  47.25  lb.  per  ft. 
Line  No.  2:  564.25  "  ''  "  =47.0  "  "  " 
Line  No.  3:  573.625  "      "        "       —47.75  "       "      " 

The  actual  weight  of  pipe  suspended  was: 

Line  No.  1 :  2  288  +  800  (sand)  =  3  088  lb. 

Line  No.  2: 2  326  " 

Line  No.  3: 2  311  " 

In  the  case  of  Line  No.  1,  this  would  indicate,  with  the  superim- 
posed load  of  200  lb.  per  length,  an  extreme  fiber  stress  of  about  9  000 
lb.  per  sq.  in.  This  may  be  within  the  elastic  limit  of  cast  iron,  which 
varies  from  6  000  to  20  000  lb.  per  sq.  in. 
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Conclusions. — The  conclusions,  from  these  experiments  are  that  Mr. 
for  all  ordinary  mains,  cement  joints  are  superior  to  either  lead  or  ^"  ^ 
leadite;  that  leadite  may  often  be  used  to  advantage  when  time  for 
setting  of  cement  is  not  allowable;  and  that  there  ai'e  conditions  where 
a  lead  joint  might  pull  or  blow  out  without  breaking  the  pipe,  and 
could  be  re-caulked  and  the  main  put  in  service  more  quickly  than  if 
cement  were  used. 

The  cost  of  making  up  joints  is  apparently  in  favor  of  leadite,  with 
the  cement  joint  next,  and  the  lead  joint  the  highest. 

Mr.  Shaw's  statements  in  regard  to  the  mixture  of  water  and 
cement  are  substantiated  by  the  work  of  Portland,  except  that  the 
addition  of  from  15  to  20%  of  fine  sand  facilitates  the  ramming  of 
the  joint,  and  apparently  does  not  materially  weaken  it.  In  dry 
weather  it  is  necessary  to  keep  the  joint  wet  outside  and  inside,  if 
possible,  from  24  to  48  'hovirs.  If  the  joint  is  allowed  to  dry  while 
setting,  during  the  first  few  hours,  shrinkage  takes  place,  and  this 
may  or  may  not  be  taken  up  under  pressure. 

It  is  the  custom  of  the  Portland  Water  Department  to  test  all 
lines  to  50  lb.  in  excess  of  the  normal  pressure  before  putting  the 
line  in  service,  and  it  may  be  said,  for  the  cement  joints  and  work- 
manship, that  only  one  of  those  made  in  1916  leaked  under  test. 

The  City  of  Portland  has  about  6  miles  of  8  and  12-in.  cast-iron 
pipe  laid  with  leadite  joints  since  1912,  and  no  leaks  have  ever  been 
reported.  Many  of  the  joints  sweat  slightly  when  the  pressure  is  first 
turned  on,  but  they  take  up  rapidly  and  become  absolutely  tight  in 
a  few  days. 

Most  of  the  objection  to  the  use  of  cement  and  leadite  comes  from 
workmen  who  have  long  been  accustomed  to  the  use  of  lead,  but  the 
writer  has  not  heard  of  any  complaint  from  engineers  or  foremen 
who  have  given  either  a  fair  trial.  The  Portland  Water  Department 
contemplates  a  very  general  use  of  cement  joints  in  future  work. 

It  is  hoped  Mr.  Shaw's  paper  will  bring  out  additional  facts  and 
opinions  on  this  subject. 

Walter  Pearl,*  M.  Am.  Soc.  C.  E.  (by  letter)  .f — In  these  days  of  Mr. 
Twentieth  Century  progress,  and  under  the  present  duress  of  military  ^^^'■'■ 
requirements  concerning  our  minerals  and  metals,  this  paper  presents 
much  matter  for  interesting  discussion,  in  the  way  of  economy,  along 
the  line  of  public  work,  as  the  latter  must  be  continuous,  and  extend 
indefinitely,  as  long  as  civilization  exists,  regardless  of  whether  the 
world  is  at  peace  or  only  striving  for  peace. 

During  several  years  of  hydraulic  engineering  practice,  embracing 
water-works  construction  for  municipalities,  the  writer  has  noted  the 

*  Los  Angeles,  Cal. 

t  Received  by  the  Secretary,  April  17th,  1917. 
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rapid  exchange  or  substitution  of  the  baser  materials,  metals,  or 
elements,  for  those  of  refined,  or  combination  metals  and  construction 
materials;  in  the  case  of  wood,  timber,  and  lumber,  more  metal  is 
being  used  in  the  constructive  combination. 

Recently,  bids  were  received  in  the  State  of  Washington  for  a 
steel  highway  bridge,  but  as  it  was  afterward  found  that  a  concrete 
bridge  would  cost  only  a  trifle  more,  a  bid  was  accepted  for  work 
of  this  class,  considering  the  small  margin  in  favor  of  the  permanence 
of  a  concrete  structure.  There  have  been  many  similar  instances 
lately,  and  as  all  branches  of  the  Government  and  all  individuals 
must  now  practice  economy,  this  paper  offers  suggestions  along  many 
lines. 

The  method  of  making  the  cement  joints,  is  described  very  clearly 
and  concisely,  including  the  method  of  breaking  or  loosening  them, 
all  of  which  would  necessitate  less  time  and  expense,  apparently,  than 
is  ordinarily  required  in  melting,  pouring,  and  driving  lead  joints, 
after  caulking  the  joint  with  oakum  or  hemp  in  the  usual  manner, 
or  the  necessary  expense  and  labor  of  melting  the  lead  from  the  joints 
in  disconnecting  them;  these  elements  of  time  and  labor  are  favor- 
able to  the  cement  joint.  However,  more  data  and  experience  with 
the  cement  joint  should  be  available  before  final  conclusions  can  be 
reached  regarding  the  relative  cost  of  the  two  kinds  of  joints;  former 
data  cannot  be  used  at  the  present  time  in  making  up  a  table  showing 
the  cost  of  lead  joints. 

It  is  a  question  with  the  writer  whether  the  cement,  as  described, 
is  sufficiently  wet  to  fill  all  the  joint  space,  and,  certainly,  great  care 
must  be  taken  in  driving  or  caulking  the  cement,  as  the  joint  space 
is  limited,  and  irregularities  in  the  pipe  often  provide  very  small  space, 
even  for  hot  lead. 

Table  5,  showing  the  joint  space,  etc.,  in  cast-iron  pipes,  is  taken 
from  the  catalogue  of  a  manufacturer  of  cast-iron  pipes. 

TABLE  5. — Some  Dimensions  of  Cast-Iron  Water  Pipe. 
(Thickness  of  shell  proportioned  for  100  lb.  static  pressure.) 


Diameter, 
in  inches. 

Length, 
over  all. 

Thickness 
.    of  shell, 
in  inches. 

Depth 

of  hub, 

in  inches. 

Joint  room, 
in  inches. 

4 
G 
8 
10 
12 
14 
16 
18 
20 
24 

12  ft.  4  in. 
12  "    4  •' 
12  "    4  '• 
12  "    6  " 
12  "    6  •' 
12  •'    5  •' 
12  -    5  •' 
12  "    5  " 
12    '    5  " 
12  "    5  " 

^%2 
1%2 

% 

iyi6 

?4 

25/32 
-'%2 

i-yi6 

3 
3 

3 
3 

31/4 
3U 
3Vo 
3% 

3% 

=/i6 

3/8 
% 
% 
% 
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The  figures  in  Table  5  may  be  assumed  as  standard,  but  as  the  Mr. 
flask,  mould,  and  pattern  vary  slightly  with  different  manufacturers,  '"'^ ' 
the  ''joint  room''  may  suffer.  Table  5  shows  what  a  limited  space 
there  is  in  the  hub  or  bell  for  cement  after  the  spigot  end  is  entered, 
for  a  thicloiess  of  not  less  than  i  to  ^  in.  of  cement  should  be  required 
throughout  the  entire  joint.  This  thickness  might  prevent  the  possi- 
bilities of  seepage  or  leaks  in  the  joints  of  the  pipe  constructed  under 
ilie  author's  supervision.  The  paper  gives  no  information  regarding 
tlie  joint  space.  In  laying  a  line  of  pipe  such  as  described,  great 
care  would  be  necessary  in  securing,  as  nearly  as  possible,  perfect 
alignment  and  grade,  in  order  to  have  uniform  joint  space. 

It  would  seem  that  cement  joints  could  only  be  used  with  straight 
lines  of  pipe  under  low  pressures.  In  a  joint  of  a  6-in.  cast-iron  pipe, 
when  laid  straight,  the  space  is  y\  in.,  and  on  a  curve  of  250  ft. 
radius,  the  resulting  space  would  be  practically  -^  in.,  or  |^  in.  on 
a  curve  of  166  ft.  radius.  Numerous  ups  and  downs  in  grade  could 
not  be  permitted,  thus  showing  the  necessity  of  laying  such  pipe 
according  to  the  method  of  laying  sewer  pipe.  This  matter  of  joint 
space  has  been  gone  into  at  some  length  by  the  writer,  as  he  realizes 
the  difficulty  of  pouring  the  lead  in  a  close  joint,  and  more  especially 
in  caulking  it. 

Another  question  arises,  as  to  whether  cement  joints  in  a  cast-iron 
main  will  stand  the  strain  and  shocks  due  to  the  sudden  closing  of 
valves  and  hydrants  (though  not  necessary,  such  things  sometimes 
happen),  causing  water-hammer,  ram,  and  vibration  in  the  line  of 
pipe,  which  might  crack  or  injure  the  cement  joints,  causing  leakage, 
expense,  and  annoyance.  This  is  likely  to  occur  in  a  gravity  pipe 
line,  and,  in  a  pumping  line,  the  constant  vibration  might  cause 
seepage  and  leaks  to  develop  in  the  cement  in  due  time.  It  is  well 
known  that  cement  and  concrete  wll  crack  and  disintegrate  where 
there  are  sudden  shocks  or  continuous  vibration,  though  it  will  stand 
great  pressures  due  to  head  or  weight,  if  not  subject  to  disturbance. 

The  author  has  described  cases  where  pipes  with  cement  joints 
were  laid  in  made  or  filled  ground,  and  where  settlement  occurred 
without  injuring  the  joints  or  causing  leakage;  also  where  a  parallel 
trench  caused  the  caving  of  the  pipe  trench,  leaving  the  pipe  hanging 
unsupported  in  the  air  for  a  time,  without  even  causing  seepage  in 
any  of  the  joints.  The  reason  for  this,  doubtless,  was  the  gradual 
giving  way  of  the  ground  supporting  the  main.  Had  the  shock  been 
sudden,  the  results  might  have  been  different. 

It  may  be  conceded  that  no  other  base  metal  having  the  qualities 
of  lead — so  ductile  and  homogeneous — seems  to  be  as  well  adapted 
for  the  joints  of  cast-iron  pipe  under  pressure.  Lead  joints  may 
lie  driven  or  re-caulked,  and  all  leakage  stopped,  while  the  pressure 
is  on,  which  is  quite  an  advantage  over  cement,  as  it  would  be  impos- 
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Mr.    sible,  practically,   to   secure  any  bond  with  the  cement   after   it  had 

^^^^'  thoroughly  set.     In  case  of  an  important  leak  it  would  be  necessary 

to  shut  oif  all  pressure  on  the  main,   and  possibly  the  water  would 

have  to  be  drawn  off;  then,  after  removing  all  the  original  cement, 

an  entire  new  joint  would  have  to  be  made. 

In  a  grade-line  pipe,  there  is  no  doubt  that  cement  joints  would 
be  safe  and  economical;  but  in  a  high-pressure  cast-iron  main,  it 
would  appear  to  the  vsrriter  to  be  difficult  to  find  a  substitute  for  lead 
joints;  under  the  present,  prevailing  high  prices  of  materials,  and 
especially  metals,  the  cost  and  the  special  requirements  relative  to 
the  safety  of  the  structure,  should  be  well  considered  before  work 
begins. 

It  is  possible  that  this  paper  may  bring  out  some  discussion  relative 
to  the  likelihood  of  electrolysis  along  a  cast-iron  main  with  cement 
joints  paralleling  electric  car  lines;  it  would  seem  that,  as  cement  is 
a  non-conductor,  such  a  line  of  pipe  would  be  unfavorable  to  electro- 
lytiq  action,  as  the  current  being  so  frequently  broken  would  leave 
the  main  in  minor  quantities  without  causing  deterioration;  however, 
experiments  would  demonstrate  this  matter  more  satisfactorily. 

The  author  states  that  the  cement  joint  for  cast-iron  pipe  has 
passed  the  experimental  stage,  especially  in  work  with  which  he  has 
been  connected,  and  that  such  joints  are  safe  and  satisfactory.  The 
work  seems  novel  to  the  writer,  and  he  is  indebted  to  the  author  for 
attracting  his  attention  to  new  construction  methods. 

Mr.  H.  G.  MouLTON,*  M.  Am.  Soc.  C.  E. — With  respect  to  the  use  of 

Portland  cement  instead  of  lead  in  forming  joints  for  cast-iron  water 
mains,  it  may  be  said  that  this  is  the  method  against  which  there  is 
every  theoretical  objection,  but  in  favor  of  which  there  is  the  practical 
argument  that  it  has  become  a  demonstrated  success  in  actual  prac- 
tice. For  a  number  of  years  past  the  use  of  cement  for  this  purpose 
has  been  standard  practice  in  Los  Angeles,  a  thriving  municipality 
of  some  350  000  population,  and  the  speaker  is  indebted  to  William 
Mulholland,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Bureau  of 
Water  Works  and  Supply  of  that  city,  for  much  interesting  informa- 
tion in  regard  to  this  method  of  making  joints.  The  following  state- 
ments in  regard  to  costs  and  conditions  in  Los  Angeles  are  in  a 
large  measure  based  on  figures  furnished  by  Mr.  Mulholland. 

The  advantage  in  favor  of  this  method  lies  in  its  great  economy. 
In  1912  about  9  000  ft.  of  30-in.  high-pressure  water  main  were  laid 
in  Los  Angeles.  Cement  at  that  time  was  quoted  at  $2.00  per  bbl. 
there  and  lead  cost  5  cents  per  lb.  The  total  saving  on  the  job  by 
using  cement  instead  of  lead  was  approximately  $3  500.  At  present 
comparative  prices  of  lead,  cement,  and  labor,  the  saving  would  be 

*  New  York  City. 
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very  mucli  greater,  and,  of  course,  on  36  or  48-in.  mains  a  very  large      Mr. 

.,  ,  Moulton. 

saving  IS  possible. 

An  additional  advantage  in  the  use  of  cement  lies  in  its  insulating 
eflFect,  in  that  it  appears  to  act  as  a  perfect  seal  between  the  separate 
sections  of  pipe  and  thus  to  reduce  materially  the  effect  of  electrol- 
ysis. As  damage  to  cast-iron  pipe  from  stray  electric  currents  has 
resulted  in  deterioration  of  water  mains  in  many  places,  any  type  of 
joint  which  tends  to  reduce  such  damage,  by  stopping  the  flow  of  stray 
current  along  the  pipe,  is  worthy  of  serious  consideration. 

The  arguments  against  the  use  of  the  cement  joint  are  based  on  a 
fear  that  temperature  changes,  resulting  in  uneven  expansion  and  con- 
traction, would  tend  to  break  up  the  joint,  and  also  on  doubt  as  to 
the  action  of  pipe  caulked  by  this  method  in  the  event  of  settlement, 
in  filled  ground  or  otherwise.  In  Los  Angeles,  the  usual  practice  is 
to  refrain  from  the  use  of  cement  joints  where  pipe  must  be  laid  on 
fills,  probably  on  the  assumption  that,  in  case  of  settlement  opening 
up  joints,  they  can  be  re-caulked  more  easily  if  lead  is  used.  In  Long 
Beach,  however,  as  mentioned  in  the  paper,  the  cement  joint  has  been 
used  in  filled  ground,  and  also  under  conditions  where  trenches  adjacent 
to  the  pipe  have  allowed  sections  of  it  to  sag  over  a  length  of  40  ft. 
in  one  instance:  and  another  instance  is  mentioned  in  the  paper  where 
some  98  ft.  of  pipe  broke  away  and  dropped  into  a  trench  with  all  the 
joints  remaining  in  perfect  condition,  except  those  at  the  actual 
point  of  rupture. 

In. regard  to  the  question  of  the  ability  of  pipe  to  span  extensive 
distances  when  the  supporting  ground  is  washed  away,  it  may  be 
said  that,  in  designing  connections  for  water  pipe  lines,  good  practice 
does  not  call  for  laying  them  out  as  suspension  bridge  connections, 
under  the  assumption  that  the  pipe  should  be  able  to  hang  suspended 
over  extensive  spaces  without  failure.  Under  all  normal  conditions, 
a  water  pipe  joint  need  only  be  considered  in  regard  to  its  ability  to 
prevent  the  leakage  of  water  with  reasonably  continuous  support  and 
with  a  proper  depth  of  cover  above.  Its  behavior  under  abnormal 
conditions,  where  it  has  to  hang  suspended  over  wash-outs  or  cave-ins, 
is  a  matter  of  interest  only  from  a  standpoint  of  curiosity,  and  one  is 
certainly  not  justified  in  designing  all  pipe  on  the  assumption  that 
it  must  meet  conditions  such  as  this,  and  providing  special  connections 
for  this  purpose. 

In  regard  to  the  question  of  temperature  changes,  it  may  be  said 
that  there  is  seldom  a  variation  of  more  than  50°  between  the  winter 
and  summer  temperatures  in  city  water  mains.  In  winter,  temperatures 
lower  than  32°  Fahr.  cannot  exist,  on  account  of  the  fact  that,  at 
this  point,  the  water  changes  to  ice;  and  above  a  temperature  of  85°, 
it  is  certainly  too  hot  for  use  as  drinking  water.  In  Los  Angeles  the 
maximum  variation  in  temperature  is  from  45°  Fahr.  in  winter  to  82° 
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Mr.       in  summer,  or  a  total  range  of  37°  Fahr.     Under  this  range,  no  trouble 
ouiton.  i^g^g  heen  experienced  with  cement  joints  from  leakage  introduced  by 
temperature  stresses. 

This  paper  brings  up  an  interesting  method  which  was  first  devised 
in  California,  and  the  success  of  which  has  been  proved  there  on  an 
extensive  scale.  It  is  no  longer  in  an  experimental  stage,  and  is  worthy 
of  serious  consideration  on  the  part  of  eastern  municipalities.  The 
saving  in  expense  made  possible  by  the  substitution  of  cement  for  lead 
in  the  joints  of  cast-iron  pipe  is  so  great  that  all  the  larger  eastern 
cities  would  be  justified  in  commencing  immediately  the  use  of  cement 
joints  in  an  experimental  way  in  outlying  districts,  working  gradually 
in  to  more  important  parts  of  the  water  system  as  the  advantages 
and  limitations  of  the  method  are  developed  in  each  municipality. 

The  author  is  entitled  to  a  large  measure  of  credit  for  having 
brought  thus  forcibly  before  the  Society  the  advantages  of  a  pioneer 
engineering  method  having  great  possibilities,  which  the  Engineering 
Profession  as  a  whole  has  been  slow  to  recognize  and  adopt. 
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H.  V.  HiNCKLEY,t  M.  Am.   Soc.  C.  E.   (by  letter).:}: — Three  points      Mr. 
pertaining  to  "coarse  aggregate"  occur  to  the  writer  as  being  possibly 
worthy   of  mention,   namely,   large   aggregate,   glassy    aggregate,    and 
strong   aggregate. 

That  "a  large  aggregate  produces  a  stronger  concrete  than  a  fine 
one"  will  not  be  questioned  by  any  competent  engineer.  It  is  for- 
tunate, however,  that  the  point  has  been  brought  out,  because  public 
officials  are  apt  to  look  on  coarse  aggregate  as  a  shirking  of  duty 
on  the  part  of  the  rock  crusher  rather  than  the  exercise  of  good  judg- 
ment by  the  engineer. 

The  following  substitute  clause  is  offered  as  a  suggestion :  ''The 
Committee  does  not  feel  warranted  in  recommending  the  use  of  blast- 
furnace slag,"  flint,  or  other  aggregates  which  produce  smooth,  glassy 
faces,  especially  for  reinforced  concrete  in  which  high  strains  are 
to  be  developed. 

It  is  fully  as  important  that  the  coarse  aggregate  shall  be  of 
tough,  strong  rock,  as  it  is  that  "fine  aggregate  should  always  be  tested 
for  strength."  Of  two  classes  of  rock  (other  conditions  being  equal), 
the  class  that,  as  a  beam,  will  support  the  heavier  load  will  make,  if 
crushed  for  coarse  aggregate,  the  stronger  concrete.  When  concrete 
fails  under  compression,  it  fails  in  tension,  and,  in  failing,  it  generally 

*  Ck)ntinued  from  April,  1917,  Proceedings. 

t  Oklahoma,  Okla. 

t  Received  by  the  Secretary,  April  10th,  1917. 
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Mr.      splits  through  the  coarse  aggregate  rather  than  around  it,  and  as  the 
■  rock  thus  broken  makes  up  the  greater  portion  of  the  section  of  failure, 
the  strength  of  the  concrete  is  largely  dependent  on  the  strength  of 
the  stone.     The  writer  recently  stated* : 

"Every  engineer  of  experience  should  know  that,  under  any  ordinary 
concrete  specifications,  he  can  build  two  slabs  side  by  side,  using 
the  same  sand,  the  same  cement,  the  same  proportion,  the  same  time 
of  mix  in  the  same  machine,  and  at  the  end  of  90  days  have  one 
slab  at  least  twice  as  strong  as  the  other." 

If  the  writer  had  to  build  a  reinforced  concrete  structure,  in  which 
high  strains  were  to  be  developed,  he  would  pay  as  much  attention  to 
the  modulus  of  rupture  of  the  rock  to  be  used  as  he  would  to  the 
tests  of  the  fine  aggregate.  It  is  time  for  the  Society  to  get  away  from 
the  idea  that  any  old  stone  will  make  good  concrete.  A  "clean,  hard, 
and  durable"  stone  may  be  brittle  and  weak,  and  it  might  not  be 
out  of  place  to  add,  at  least,  the  word  "strong." 

Since  writing  the  foregoing,  the  writer's  attention  has  been  called 
to  Professor  George  A.  Hool's  "Reinforced  Concrete  Construction", 
in  which  is  found  the  only  corroboration  of  the  foregoing  views  which 
he  has  ever  noticed.  Professor  Hool  says:  "Any  stone  is  suitable 
which  is  clean  and  durable,  and  has  sufficient  strength  to  prevent  the 
strength  of  the  concrete  from  being  limited  by  the  strength  of  the 
stone,"  and  this  means  that  the  stone  must  be  as  strong  as  the  mortar. 

Mr.  Henry  T.  Eddy,!  Esq.  (by  letter).:}: — 1. — The  Thickness  of  Flat 
Eddy,  gig^j^g^ — jj^  ^jjg  gj,g^  place  the  writer  desires  to  consider  somewhat 
critically  the  formula  recommended  in  the  report  for  the  value  of  the 
minimiim  total  thickness,  t,  in  inches,  of  a  flat  slab  without  dropped 
panels,  in  order  to  show  that  it  is  a  formula  not  suited  to  give  the 
minimum  thickness  according  to  accepted  principles  in  reinforced  con- 
crete design.     The  formula  recommended  in  the  report  is : 

^  =  0.024  I  \/w-\-  1.5 (1) 

in  which  I  =  panel  length  or  span  between  column  centers,  in  feet,  and 
w  =^  Wq  -\-  w-^,  the  sum  of  the  live  load,  w^,  and  the  dead  load, 
w^  =  12.5  t  lb.  per  sq.  ft.  Similar  formulas  have  been  proposed  in  the 
Chicago  E,uling§  and  in  the  standard  building  regulations  reported  to 
the  American  Concrete  Institute.  |j 

Equation  (1)  consists  of  two  parts,  the  mean  effective  moment 
thickness,  d,  or  the  depth  of  the  center  of  the  steel  below  the  compressed 

*  Transactions,  Oklahoma  Soc.  of  Engrs.,  Vol.  III. 

t  Professor  of  Mathematics  and  Mechanics  and  Dean  Emeritus,  University  of 
Minnesota,  Minneapolis,  Minn. 

J  Received  by  the  Secretary,  April  23d,  1917. 
§  Engineering  News,  September  24th,  1914. 
II  Proceedings,  Am.  Concrete  Institute,  Vol.  XIII,  1917. 
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slab  surface,  and  1.5  in.,  which  last  includes  half  the  thickness  of  the    Mr 
steel  mat  of  crossed  rods  plus  concrete  fire-proofing  at  least  1  in.  thick. 
Hence,  we  have  the  effective  moment  thickness 

d  =  0.024  I    \/w (2) 

au  equation  which,  together  with  Equation  (1),  the  writer  has  reason 
to  believe  is  so  far  from  being  correct  that  it  should  not  be  recom- 
mended or  regarded  as  expressing  the  minimum  value,  a  conclusion 
that  follows  from  considerations  that  will  now  be  given  in  detail. 

The  general  expression  for  the  bending  moment,  due  to  the  applied 
forces  acting  at  any  panel-wide  vertical  section  of  a  square  panel  of 
span  I  ft.,  when  loaded  with  a  total  uniformly  distributed  load  of  w 
lb.  per  sq.  ft.,  or  a  total  load  of  W  =  ivl^  lb.  per  panel,  may  be  written 
in  the  form: 

12  TF  —  =  12  w  —  iu-lb (3) 

a  a 

in  which  a  is  a  numerical  divisor  the  value  of  which  has  frequently 
been  recommended  to  be  taken  at  about  24  or  25  for  the  section  at 
mid-span  and  at  — 12  or  —  15  at  the  edge  of  the  panel,  with  inter- 
mediate values,  positive  or  negative,  at  sections  situated  between  these. 
These,  However,  are  the  two  sections  which  are  most  frequently  taken 
into  consideration. 

Again,  the  general  expression  for  the  resisting  moment  of  the  steel 
that  crosses  any  vertical  cross-section  of  the  panel  which  has  an  effec- 
tive thickness  of  d  in.  and  a  total  effective  cross-section  of  steel  of 
.4.  =  12  pld  sq.  in.,  may  be  written  in  the  form : 

fsAjd  =  12fspljd'  in-lb (4) 

in  which  /«,  in  poimds,  is  the  unit  stress  in  the  steel,  jd  is  the  moment 
arm,  121  is  the  panel  length,  in  inches,  and  p  is  the  steel  ratio  of  the 
section. 

It  is  assumed  ordinarily  that  when  the  direct  tensile  resistance  of 
the  concrete  acting  in  parallel  with  the  tensile  resistance  of  the  steel 
is  neglected,  the  resisting  moment  must  be  equal  to  the  applied 
moment.  The  writer,  however,  has  reasons  which  he  has  explained 
elsewhere  for  believing  that  the  applied  moments  are  more  than  twice 
as  large  as  the  actual  resisting  moments  shown  by  observation.  In 
case  this  is  the  fact,  it  would  only  be  necessary,  in  order  to  make 
Equations  (3)  and  (4)  equal,  to  assume  as  the  numerically  correct 
value  of  a^  a  number  which  is  the  same  multiple  of  the  value  of  a, 
ordinarily  assumed,  that  the  applied  moments  are  of  the  resisting 
moments.  However,  leaving  this  question  masettled  for  the  present, 
and  leaving  also  the  value  of  a,  which  will  be  finally  adopted  as  applica- 
ble at  mid-span,  undetermined,  we  may  nevertheless  equate  the  resist- 
ing moment  to  the  applied  moment,  with  the  understanding  that  such 
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Mr     a  value  of  a  will  finally  be  adopted  as  may  appear  to  be  required  by 


Eddy 


the  facts.     Hence 

or, 

I  ,r 

a=     __^ (•>) 

Now  compare  Equation  (5)  for  the  effective  thickness,  d,  witli 
Equation  (2),  which  was  recommended  in  the  report.  In  case  Equa- 
tion (2)  is  correct,  it  must  be  identical  with  Equation  (5).  To  express 
this  relation  more  concretely,  assume  that  fg  =  16  000  lb.  per  sq.  in., 
and  that  ;  =  0.9  at  the  mid-section.  Then,  in  order  that  Equations 
(5)  and  (2)  may  be  identical,  we  have 

16  000  X  0-9  X  (0.024)2pa  =  1,  or  pa  =  0:12 (6) 

Hence,  when  we 

take  a=     12.        15,        20,        24,        30,        40,  50,        60, 

we  then   have  ^  =  0.01,  0.008,  0.006,  0.005,  0.004,  0.003,  0.0024,  0.002, 

respectively. 

It  thus  appears  that  in  case  Equation  (2)  is,  in  fact,  a  correct  form 
of  expression  for  d,  then  Equation  (6)  must  also  hold  true;  but  as  a 
in  Equation  (6)  is  a  constant  which  is  fixed  by  the  position  where  the 
section  is  taken,  at  mid-span  or  elsewhere,  and,  moreover,  is  inde- 
pendent of  both  I  and  lo,  it  follows  from  Equation  (6)  that  p  is  also 
constant  so  long  as  a  remains  constant.  If  there  is  anything  in  the 
design  of  concrete  beams,  however,  that  has  been  indubitably  estab- 
lished by  experience,  it  is  that  the  steel  ratio  increases  with  the  relative 

thickness,  that  is,  p  increases  with  — —•  and    the    same   princii^le   applies 

to  slabs  also.  Hence,  Equations  (1)  and  (2)  are  not,  in  fact,  correct, 
and  cannot  be  relied  on  to  fix  the  minimum  value  of  d,  because  they 
require  a  constant  value  of  p,  not  in  accordance  with  experience.  In 
fact,  p  is  found  to  be  nearly  twice  as  large  in  deep  slabs  for  heavy 
loads  as  it  is  in  shallow  slabs  for  light  loads,  in  case  of  well-designed 
slabs  for  any  given  span. 

The  reason  for  su'ch  increase  in  the  value  of  p  in  case  of  deep  beams 
is  evident  from  the  following  considerations.  In  shallow  beams  and 
slabs  the  sharpness  of  the  curvature  is  inversely  proportional  to  d 
for  a  given  limiting  compression  in  the  concrete  at  the  top  surface. 
The  sharper  the  curvatures  the  greater  the  horizontal  shearing  dis- 
tortions in  the  concrete  at  points  distant  from  the  sections  where  maxi- 
mum moments  occur.  Concrete  affords  a  resistance  to  shearing  dis- 
tortion which  is  small  compared  with  its  resistance  to  compression. 
In  shallow  beams  high  values  of  p  are  futile,  for  this  reason,  but,  in 
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deep  beams,  larger  values  of  p  may  be  used  than  in  shallow  beams,  on    Mr. 
account  of  their  smaller  shearing  distortion.    In  slabs  this  still  further 

reason  may  exist  for  an  increase  of  p  with  — ,  that  is,  the  crossed  rods 

that  make  up  the  mat  may  properly  be  more  numerous  and  more 
closely  spaced  in  a  thick  slab  than  in  a  thin  slab,  thus  furnishing 
more  elfective  co-action  of  steel  and  concrete  in  thick  than  in  thin 
slabs. 

In  its  present  form  Equation  (2)  is  not  convenient  for  numerical 
calculations,  because  the  value  of  w  itself  depends  on  d.  It  will  be 
more  convenient  to  express  d  as  a,  function  of  w^,  the  live  load.  Write 
Equation  (2)  in  the  form, 


d  =  0.024:  I   V^o  +  w^ 

by  the  help  of  the  equation 

w  =  it'o  -f-  ^1 ;(''') 

and  eliminate 

w,  =  12.5^  =  12.5  (d  +  1.5) 

by  assuming  the  weight  of  a  cubic  foot  of  concrete  to  be  150  lb.,  or 
12.5  lb.  per  in.  of  thickness  per  square  foot. 
Then, 

d^  ==  (0.024  ly  (wo  +  12.5  d  +  18.75). 

Solve  this  quadratic  equation  and  find. 


d  =  0.00375  Z2  4-  0.024  I  \/ (w„ -\-  18.75  +  0.00225  Z-) (8) 

Table  1  has  been  computed  from  Equation  (8).  Now,  if  the  value 
of  the  divisor  in  Equation  (3)  is  assumed  to  be  a  =  25  at  mid-span 
of  the  panel,  as  recommended  in  the  report,  then,  by  Equation  (6), 
we  find  the  steel  ratio,  j)  =  0.0048,  throughout  the  entire  table,  regard- 
ed 
less  of  -— .     It  is  apparent  that  the  thickness  found  in  Table  1  is  too 

great  at  the  larger  spans  and  loads,  so  much  so  as  almost  to  prohibit 
the  use  of  flat  slabs  for  the  larger  loads  and  spans  figured  in  the  table, 
but  it  is  evident  that  this  thickness  may  be  reduced  by  increasing  p 

somewhat  with  — — . 

The  effect  of  this  increase  oi  p  with  -—  will  evidently  be  to  produce 

a  proportionate  decrease  of  the  dead  load  and  of  the  thickness  of  the 
slab  at  the  larger  values  of  w^  over  that  at  the  smaller  values  of  w^. 
With  the  view  of  finding  a  simple  approximate  expression  for  d 
that  will  give  values  of  d  more  nearly  in  accordance  with  the  results 
of  good  practice  than  those  obtained  from  Equation  (4)  or  from  Table 
1,  it  is  to  be  observed  that,  for  any  given  span.  I,  Equation   (8),  re- 
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Mr.    garded  as  a  quadratic  expressing  the  relation  between  the  variables,  d 
^'  and  Wq,  taken  as  co-ordinates,  represents  a  parabola.     The  part  of  the 

600  or  more. 


curve  in  question  ranges  from  Wq  =  100  or  less,  to  w^ 
In  Fig.  7  the  values  of  d  in  this  range  are  plotted  for  I 
ilar  curves  occur  for  other  values  of  I. 

COMPARATIVE  PLOT  OF  VALUES  OF 
THE  THICKNESS,  rf,  FOR  THE  SPAN,  «=  20  FT. 


20  ft.     Sim- 




- 

■ ' 

ByT 

iblel^^^ 

■ 



^ 

--^^ 

P. 



Pi 

^B 

'  Table  2 

Suppose  that  the  effective  thickness  for  two  different  loads  as,  for 
example,  at  P^  and  P^  in  Fig.  7,  were  sufficiently  well  ascertained  by 
a  consensus  of  good  practice  to  be  supposed  to  be  knowai,  then  it  would 
be  possible  to  obtain  an  equation  for  a  straight  line  through  those  two 
points  that  would  give  values  of  d  for  those  and  other  loads,  which 

TABLE  1. — Effective  Thickness  of  Flat  Slabs. 
fZ  =  0.00375  V^  4-  0.024  I  ^(ic^  +  18.75  +  0.0225  f)  inches; 
I  —  span,  in  feet;  w^  =  live  load,  in  pounds  per  square  foot. 


Span, 
in  feet. 

Wo  =  100 

200 

800 

400 

500 

600 

14 

4.46 

5.75 

6.78 

7.64 

8.42 

9.13 

16 

5.24 

6.73 

7.87 

8.8: 

9.75 

111.56 

18 

6.06 

7.71 

9.02 

10.13 

11.13 

12.03 

20 

6.92 

8.74 

10.19 

11.42 

12.52 

13.. "iS 

22 

7.82 

9.81 

11.40 

12.74 

13.96 

15.06 

24 

8.76 

10.92 

12.65 

14.12 

15.44 

16.62 

26 

9.75 

12.08 

13.93 

15.54 

16.95 

18.25 

28 

10.78 

13.27 

15.26 

16.99 

18.50 

19.89 

30 

11.86 

14.49 

16.02 

18.45 

20.07 

21.57 

32 

12.98 

15.77 

18.04 

19.98 

21.71 

23.29 

might  be  more  nearly  in  accord  with  good  practice  than  those  given  by 
the  parabola.  Such  an  equation  of  relation  between  the  effective  thick- 
ness and  the  live  load  has  been  derived  in  what  follows. 
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The  equation  for  d  throuffli  Fj  and  P,  '^^y  then  be  written  in  the    Mr. 
form,  "  E'^^y- 

d  ^  I      °  (9) 

in  which  I  is  the  span,  from  center  to  center  of  supports,  in  feet,  and 
w^  is  the  total  design  working  load,  in  pounds  per  square  foot.  The 
total  thickness  is 

t  =  d~\-  1.5 (10) 

in  which,  if  d  is  the  eflfective  depth  of  the  centers  of  gravity  of  the  steel 
below  the  compression  surface  of  the  concrete,  1.5  in.  is  the  remaining 
part  of  the  total  thickness,  including  one-half  of  the  layer  of  steel  and 
its  fire-proof  covering.  In  the  report  this  is  taken  as  1.5  in.,  of  which 
the  fire-proofing  is  required  to  be  1  in.  in  the  clear. 

In  Fig.  7  the  two  points,  P^  and  P^,  at  which  it  was  assumed  that  ' 
the  two  corresponding  values  of  d  were  known,  were  both  for  the  same 
span,  I,  but  the  values  of  the  constants,  h  and  c  in  Equation  (9),  can 
be  determined  equally  well  in  case  the  known  values  of  d  correspond  to 
any  different  known  values  of  I  and  w^  whatever.  For  example,  assume 
that  it  is  known  from  experience  that,  for  a  17-ft.  panel  and  a  design 
live  load  of  200  lb.  per  sq.  ft.,  the  total  thickness,  t  =  7.6  in.,  nearly, 
and  for  a  23-ft.  panel  and  a  design  load  of  400  lb.  per  sq.  ft.,  t  =  11.6 
in.,  nearly.  Substituting  these  values  in  Equation  (9),  gives  the  fol- 
lowing equations  from  which  to  determine  the  values  of  h  and  c : 

^.6  —  1.0  =  17   I 

ns-r.  =  .s*J!^\ '"> 

«  J 

Hence,   h  =  700  and  c  =  2  500,  nearly,  and  Equation    (9)   becomes 
d  =  I 


w^  +  700  ^ 


d  =  I 


2.500 

w^  +  2  800 


y (12) 


10*  J 

the   latter   form   being   more   convenient   for   numerical   computation. 

In  case  the  examples  previously  assumed  as  a  basis  for  the  nu= 
merical  values  of  h  and  c  used  in  Equation  (12)  seem  to  be  unaccept- 
able, then  any  two  other  trustworthy  and  satisfactory  numerical 
examples  may  be  used  instead,  to  arrive  at  an  equation  with  values  of  b 
and  c  slightly  different  from  those  used  in  Equation  (12).  Table 
2,  giving  the  numerical  values  of  d,  has  been  computed  from  Equa- 
tion (12). 

The  differences  in  the  successive  numbers  in  any  row  or  column  of 
Table  2  are  constant,  and  are  noted  in  the  margins  at  the  right  and 
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Mr. 

Eddy 


bottom  of  the  table,  so  as  to  admit  of  ready  interpolation  and  exterpola- 
tion  by  proportional  parts,  which,  in  this  case,  is  exact  and  not  merely 
approximate.  If,  in  Equation  (12),  w^  and  Z  are  regarded  as  rect- 
angular co-ordinates  in  a  horizontal  plane,  and  d  is  erected  perpen- 
dicular to  it,  the  locus  of  the  extremity  of  d  will  be  a  hyperbolic 
paraboloid  which  by  its  height  will  represent  graphically  the  thickness 
of  the  slab.  The  numbers  at  the  top  and  left  of  Table  2  measure  such 
co'-ordinates  in  the  plane  of  the  paper,  and  the  numbers  in  the  body  of 
the  table  express  the  heights  to  be  laid  off  at  the  positions  where  the 
numbers  are  written.  The  graphical  surface  thus  constructed  is  a 
doubly-ruled  surface  such  that  a  vertical  section  of  it,  for  any  given 
constant  value  of  either  w^  or  I,  will  be  a  uniformly  sloping  straight 
line. 

The  total  thickness  of  the  slab  will  be  obtained  as  in  Equation  (10) 
by  adding  to  d  one-half  the  total  thickness  of  the  layers  of  reinforcing 
steel  plus  the  thickness  of  the  fire-proofing,  which  all  together  may  be 
either  more  or  less  than  the  average  value  of  1.5  in.  recommended  in 
the  report. 

The  values  of  d  in  Table  2  are  such  as  to  make  the  thickness,  t, 
throughout    the    entire    table    fall    within    the    limit    of    one    thirty- 


TABLE  2. — Effective  Thickness  of  Flat  Slabs. 

d  —  I  — °    ^ inches; 

I  =  span,  in  feet;  w^  =  live  load,  in  pounds  per  square  foot. 


Span, 
in  feet. 

M)o  =  100 

200 

300 

400 

500 

600 

A 

U 

4.48 

5.04 

5.60 

6.16 

6.72 

7.28 

0.56 

16 

5.12 

5.76 

6.40 

7.04 

7.68 

8.32 

0.64 

18 

5.76 

6.48 

7.20 

7.92 

8.64 

9.36 

0.72 

20 

6.40 

7.20 

8.00 

8.80 

9.60 

10.40 

0.80 

82 

7.04 

7.92 

8.80 

9.68 

10.56 

11.44 

0,88 

24 

7.68 

8.64 

9.60 

10.56 

11. .52 

12.48 

0.96 

26 

8.32 

9.36 

10.40 

•11.44 

12.48 

13.52 

1.04 

28 

8.96 

10.08 

11.20 

12.32 

13.44 

14.. 56 

1.12 

30 

9.60 

10.80 

12.00 

13.20 

14.40 

15.60 

1.20 

32 

10.24 

11.52 

12.80 

14.08 

15.36 

16.64 

1.28 

A=     ■ 

0.64 

0.72 

0.80 

0.88 

0.96 

1.04 

second  of  the  span,  as  recommended  in  the  report,  excepting 
only  the  last  number  at  the  bottom  of  the  first  column,  that  is, 
t  =  10.24  +  1.5  =  11.74,  which  is  i  in.  below  the  assigned  limit. 

It  will  be  noticed  that  Tables  1  and  2  give  practically  identical 
values  of  J  =  4.5  in.,  or  t  =  4.5  -)-  1.5  =  6  in.,  at  the  upper  left 
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corner,  where  I  =  14  ft.,  Wq  =  100  lb. ;  and  at  the  upper  right  and  left    Mr. 

corners  the  values  of  d  in  Table  1  exceed  those  in  Table  2  by  about        ^' 

25%,   and  at   the  lower  right   corner  by  nearly   50   per  cent.     These 

,     d 
enormous  differences  are  due  to  the  increase  in  the  value  of  p  with  — 

involved  in  Equation  (5),  when  a  is  constant. 

When  the  value  of  a  =  25  is  used,  that  necessarily  implies  that  the 
slab  has  steel  enough  in  one  direction  to  carry  the  entire  load  without 
any  stress  in  the  steel  at  right  angles  thereto,  whereas,  in  fact,  in  an 
inside  panel,  the  steel  in  both  directions  acts  simultaneously, .  which 
requires  a  =  50  and  not  a  =  25.  This  fact  will  reduce  the  value  of  p 
to  one-half  that  previously  found. 

The  steel  ratio  derived  from  Equation  (5)  is  : 

wl''  Oog-f  12.5  d)  Z^ 


P 


O'fs.h^^ 


16  000  X  0.9  a  d^ 


(13) 


which  gives  the  range  of  values  of  p,  shown  in  Table  3.  This 
table  gives  the  numerical  value  of  the  ratio  of  the  cross-section  ,of  the 
steel  to  the  concrete  at  mid-span,  in  order  that,  when  a  =  25,  the 
steel  will  resist  the  entire  applied  moment  as  in  a  beam,  or,  when 
a  =  50,  the  steel  will  resist  one-half  of  that  amount,  as  in  a  two-way 
slab.  Any  intermediate  values  of  I  and  w^  may  be  found  correctly  from 
this  table  by  simple  interpolation  of  proportional  parts. 


TABLE  3.- 

—Values  of 

Steel  Eatio, 

p,  BY  Equation  (13). 

If  a 

=  25 

Ip  o  =  50 

Wq  =  100 

Wq  =  600 

Wq  =  100 

ivq  =  600 

l  =  U 
J  HI  32 

0.0047 
0.0067 

0.0073 
0.0083 

0.0024 
0.0034 

0.0036 
0.0042 

These  values  of  p  show  that  Table  2  requires  no  excessive  steel 
ratios,  either  at  mid-span  or  at  panel  margins,  where,  since  the  values 
of  a  will  be  about  one-half  those  at  mid-span,  the  values  of  p  will  be 
about  twice  as  great. 

In  obtaining  the  values  of  d  in  Table  2,  no  allowance  has  been 
made  for  any  reduction  of  span  by  reason  of  size  of  capitals.  In  order 
to  make  such  allowance,  it  will  be  sufficient  to  assume  that  I  is  the 
effective  span,  instead  of  the  actual  span,  and  use  it  as  the  tabular  span 
for  finding  d  in  Table  2. 

It  will  now  be  in  order  to  find  out,  in  case  slab  thicknesses  in  accord- 
ance with  Equation  (9)   and  Table  2  are  adopted,  whether  either  the 
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Mr.  compressions  in  the  concrete  will  be  excessive,  or  the  deflections  of  the 
^'  slab  will  be  greater  than  is  permissible.  For,  if  neither  of  these  things 
occurs,  then  we  have  established  the  admissibility  of  these  thicknesses, 
which  are  less  than  those  found  by  Equation  (1)  and  Table  1,  and, 
hence,  these  latter  will  not  be  actual  minimum  values,  but  should  be 
replaced  by  other  smaller  values  found  from  Equation  (9).  The  com- 
pression in  the  concrete  is  to  be  found  from   the  common  formula, 

f   k 

/„  = — ,  in  which  k  must  be  less  than  0.4,  and  probably  does 

n  (X  —  k) 

not  exceed  0.3 ;  and  we  may  assume  fg  =  16  000,  and  n  =  15,  so  that 

the  unit  stress,  /g,  does  not  exceed  700  lb.,  and  probably  is  not  more 

than  500  lb.,  at  any  point,  unless  at  the  edge  of  the  capital,  at  which 

point  a  special  investigation  may  be  necessary.     This  shows  that,  in 

general,   the  compression   in   the  concrete  should  not  be  regarded  as 

excessive. 

An  expression  for  the  deflection,  z,  at  the  panel  center  of  a  flat  slab 

has  been  found  to  be: 

W  L^ 

^  ^  i.75XWd^A, ^^^^* 

in  which  L  =  12  Z  is  the  span,  in  inches  (not  feet),  and  A^  is  the  cross- 
section  of  a  side  belt. 
Now, 

which  last  was  obtained  by  equating  applied  and  resisting  moments  as 
in  Equations  (3)  and  (4).  Substitute  this  value  of  A^  in  Equation 
(13),  and  assume  fs  =  16  000,  a  =  25,  j  =  0.9,  and  let  the  slab  be  as 

thin  as  permissible,  namely,-—  =  32.  We  then  have  the  largest  pos- 
sible relative  deflection  for  a  unit  steel  stress  of  16  000  lb.  Then,  the 
relative  deflection, 

z  2f^jaL  1 


L         4.75  X  W^  d       2  000" 


(15) 


This  relative  deflection  is  so  small  that  it  would  permit  a  test  load  of 
more  than  2.5  times  the  sum  of  the  design  load  plus  the  dead  load, 

z  1 

without  causing  —  to  exceed ,  provided  the  steel  were  not  thereby 

°    L  800    '  ^ 

stressed  beyond  its  elastic  limit,  which,  in  this  case,  would  have  to  be 

L 

at  about  40  000  lb.  per  sq.  in.     Smaller  vahies  of  -  -   than  32,  such  as 

*  See   "Concrete  Steel   Construction",   Eddy   and   Turner,    (71),   p.   204. 
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occur  throusliout  almost  the  entire  Table  2,  will  give  smaller  values    Mr. 
^  Eddy. 

of  -— -  than   tlie   limitin<x  value  computed    in   Equation   (l-")).      On    the 

other  hand,  although  a  value  of  a  larger  than  25  would  have  an  etfect 

-L  z 

to   offset   the  smaller    values   of   — -    and    so    to   increase  -— -,  yet  the 

a  1,     " 

observed  values   of  /«   are   invariably  much  smaller   than  those  com- 

z 
puted  b}'  Equation  (14),  which  serves  actually  to  reduce  the  value  of  — 

at  least  to  that  found  by  Equation  (15).  It  follows,  consequently, 
that  values  of  d  as  small  as  those  in  Table  2  may  be  used  with  safety, 
and  that  values  as  large  as  those  in  Table  1  as  prescribed  by  Equations 
(1)  and  (2),  are  not  a  minimuJii,  and  it  has  been  further  shown  that 
they  are  unnecessarily  large. 

The  report   recommends   minimum   total   thicknesses   that   may   be 
written  as  follows: 

For  a  slab  without  a  drop,  t  =  0.024  I  s/ lo  +  1.5  =  d  +  1.5 

For  slab  with  drop,  t  =  0.02  l^Jw  +  l  — ^d  +  \ 

6 

For  the  drop  itself,  t  =  0.8  I  Vh-  +  1.5  =  -^  ^  +  ^-^ 


(16) 


and,  further,  that  the  width  of  the  drop  is  0.4  L,  so  that  its  area  will  be 
(0.4  Ly  =  — ,  nearly.  Hence,  the  total  volume,  in  cubic  inches,  of  a 
panel  without  a  drop  would  be: 

v  =  (cZ  +  1.5)  L- (17) 

but  the  volume  of  a  panel  together  with  a  drop  would  be : 


/  5  \   5  /  5  \  L^ 

V  =    i  —  d  +  lJ-rL^+    {--  d  +  1.5  )  — ,  nearly,  or 

'=  S'^^  +  ^-O^' (1^^> 


From  this  it  is  evident  that  the  report  discriminates  against  the  flat 
slab  without  a  drop  and  in  favor  of  the  slab  with  a  drop  by  making 
the  latter  so  much  thinner  that  the  total  volume  per  panel  is  less. 
In  the  writer's  opinion  such  discrimination  is  without  justification  in 
theory  or  practice.  In  his  opinion,  in  order  to  make  the  formulas  for 
the  thicknesses  of  slabs  with  a  drop  comparable  with  those  without  a 
drop,  the  volume  of  the  former  should  be  at  least  as  great  as  the 
latter.     With  this  in  view,  it  will  be  necessary,  in  order  to  have  the 
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Mr.    drop  50%  thicker  than  the  rest  of  the  shib  and  its  area  =    —   to  write 

Eddy.  6 

for  the  thickness  of  a  slab  with  a  drop, 

t  =  0.022  I  \/w  +  1.5  =  —  d  +  1.5  1 

12  I 

and  for  the  drop  itself,  L (19) 

t  ^0.00331  \/w +1.5  =-  d  +  1.5 

8  J 


Hence, 


"=G"''  +  -)l-^+(r'  +  -)l 


or,  V  =  (cZ  +  1.5)  i^,  nearly. 

The  reason  for  the  foregoing  statement  is  this:  In  the  case  of  a 
given  uniform  loading,  the  numerical  sum  of  the  bending  moments 
at  mid-span  and  one  margin  is  constant,  but  the  sub-division  of  this 
constant  total  moment  between  mid-span  and  margin  depends  on  the 
structure  of  the  slab,  as  follows:  Either  the  line  of  inflection  in  the 
slab  occupies  a  position  fixed  by  the  simultaneous  dip  of  the  reinforc- 
ing rods  as  they  drop  below  the  neutral  surface,  or  it  is  undetermined, 
due  to  the  irregular  dipping  of  the 'steel,  and,  in  that  case,  is  de- 
termined only  by  the  relative  stiffness  of  the  columns  and  of  the  panel 
at  the  margin,  as  compared  with  that  at  mid-span.  The  report  does 
not  contemplate  any  fixed  lines  of  inflection,  for  it  makes  express  pro- 
vision for  irregular  dipping  of  steel  rods.  However,  it  recommends 
that  steel  be  provided  to  resist  moments  of  certain  given  magnitudes 
at  mid-span  and  margin  separately,  regardless  of  the  presence  or  ab- 
sence of  a  drop.  If  that  recommendation  is  to  be  adopted,  the  sus- 
pended portion  of  the  panel  must  needs  be  just  as  thick  in  case  of  a 
drop  as  without  it.  The  only  excuse  for  its  being  made  thinner  with 
a  drop  would  be  that  the  columns  and  the  cantilever  portion  contain- 
ing the  drop  had  been  made  stiffer  and  the  cantilever  made  larger 
thereby,  so  that  the  lines  of  inflection  were  thereby  made  to  occupy 
positions  somewhat  more  distant  from  the  columns  than  in  the  case 
where  there  is  no  drop.  This  would  require  the  steel  over  the  drop  to 
be  kept  near  the  top  of  the  slab  for  a  greater  distance  than  in  a  plain 
flat  slab,  and  would  also  require  larger  and  stiffer  columns  to  resist 
the  tmequalized  moments,  but  would  hardly  permit  the  total  volume 
of  the  panel  to  be  decreased,  as  has  been  done  in  the  report. 

It  is  still  an  unsolved  problem  to  determine  the  economical  rela- 
tive sizes  of  the  suspended  portions  of  the  panel  and  of  the  cantilever, 
and  the  relative  stiffness  of  the  columns,  as  well  as  the  manner  of  dis- 
tribution of  the  resisting  moments  across  the  margins  of  the  panels. 
On  the  solution  of  this  problem  evidently  no  light  has  been  shed  by 
the  recommendations  of  the  report,  since  it  recommends  a  difference 
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in  thickness  without  any  difference  in  the  resisting  moment — a  recom-    Mr. 
mendation  hard,  if  not  impossible,  to  justify.  Krtdy. 

Equations  (19)  for  thicknesses  of  slab  and  drop  to  replace  those 
recommended  in  the  report,  assume  in  effect  that  the  cantilever  portion 
of  a  slab  with  a  drop  will  be  slightly  larger  than  without  a  drop,  but  do 
not  proceed  to  such  unjustifiable  lengths  as  the  corresponding  expres- 
sions in  Equations  (16)  given  in  the  report,  which  wholly  ignore  the 
redistribution  of  the  constant  total  moment  between  mid-span  and 
margin  and  the  increase  of  that  part  of  the  unequalized  moment  dis- 
tributed to  any  column  due  to  decreasing  the  stiffness  of  the  panel  at 
mid-span. 

In  adopting  Equations  (19)  for  the  thickness  of  the  slab  and  drop, 
it  is  understood  that  the  values  of  d  which  are  to  be  inserted,  in  order 
to  obtain  minimum  values  of  t,  are  those  obtained  from  Equation  (12) 
and  Table  2,  although  the  foregoing  criticism  of  Equations  (16)  is 
equally  valid  were  we  to  adopt  as  correct  the  values  of  d  derived  from 
Equation  (8)  and  Table  1. 

2. — Flat  Slabs  as  Statically  Indeterminate  Structures. — In  the 
second  place,  the  vsrriter  objects  to  the  adoption  in  the  report  of  any 
theory  of  flat  slabs  as  correct,  which  assumes  them  to  be  statically 
determinate  structures,  because  they  cannot  be  so  regarded.  The 
report,  however,  on  page  1694,  refers  to  the  paper  of  John  R.  Nichols,* 
Jun.  Am.  Soc.  C  E.,  as  affording  an  approximate  basis  for  its  formulas. 
Now,  any  assumption  of  the  validity  and  applicability  of  statical 
analysis  to  continuous  flat  slabs  is  incorrect,  and  leads  to  erroneous 
results,  just  as  much  as  in  the  case  of  continuous  beams  or  of  any  other 
indeterminate  structures. 

Any  structure  in  which  the  magnitude  or  distribution  of  the  stresses 
in  any  part  of  it  undergoes  any  alteration  by  varying  the  rigidity  of 
any  of  its  members  or  elements  is  statically  indeterminate.  Hence, 
the  principles  of  statics  cannot  be  assiimed  to  be  applicable  to  such  a 
structure  unless  there  is  definite  proof  that  the  statical  principles 
sought  to  be  applied  are  actually  valid  for  the  case  in  hand,  so  that  it 
is  beside  the  mark  to  adduce  any  statical  limitations  or  requirements 
in  flat  slabs,  such  as  are  adduced  in  the  report,  because  statical  prin- 
ciples must  here  be  subordinated  to  the  principle  of  rigidities,  which 
is  the  guiding  principle  in  all  indeterminate  structures. 

That  a  flat  slab  continuous  over  an  unlimited  array  of  separated 
supports  is  an  indeterminate  structure  according  to  the  above  defini- 
tion is  evident  from  comparing  the  distribution  of  the  stresses  across 
the  sides  of  the  panels,  due  to  the  bending  moments  in  a  slab  having 
most  of  the  reinforcing  steel  concentrated  in  belts  passing  over  the 
supports,  with  the  distribution  of  the  stresses  across  the  sides  of  the 

*  "Statical  Limitations  upon  the  Steel  Requirement  in  Reinforced  Concrete  Flat 
Slab  Floors",  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVII,  p.  1670    (1914). 
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Mr.  panels  where  this  is  not  the  case,  as  it  is  not  in  the  crown-sheet  of  a 
^'  steam-boiler,  for  example.  For,  in  the  former  case,  the  stresses  across 
the  sides  due  to  the  bending  moments  are  largely  concentrated  at  and 
near  the  supports,  but  it  is  far  otherwise  in  the  crown-sheet,  which  is 
supported  on  stay-bolts  that  pass  through  holes  in  the  sheet,  which  com- 
pletely destroy  the  radial  resistance  to  bending  at  the  supports.  By 
reason  of  this  distribution  of  the  rigidity  in  the  crown-sheet,  the  entire 
resistance  to  bending  across  any  side  of  a  panel  is  afforded  by  that  part 
of  the  side  lying  between  supports,  and  none  of  it  is  at  the  supports. 

Statical  principles,  therefore,  may  be  applied  to  flat  slabs  only  after 
due  inquiry  and  after  it  has  been  ascertained  to  what  extent  they  may 
be  applied  to  them.  Statics  and  the  principle  of  the  lever  are  so  in- 
grained in  all  reasoning  about  structures  that  the  unconscious  assump- 
tion of  their  applicability  is  likely  to  vitiate  otherwise  well-considered 
investigations  of  structures  so  complex  in  their  interactions  as  inde- 
terminate structures  must  necessarily  be,  and  great  care  must  be 
exercised  in  order  to  avoid  the  conclusions  that  inevitably  follow  from 
yielding  to  the  insidious  temptation  unconsciously  to  make  this  as- 
sumption. The  following  unavoidable  conclusion,  therefore,  may  be 
formally  stated : 

Proposition  I. — Continuous  flat  slab  floors  on  separated  supports 
are  indeterminate  structures  subject  to  the  law  of  relative 
rigidities  and  its  corollary,  the  law  of  least  work. 

In  any  indeterminate  structure  the  relative  rigidities  of  its  parts 
control  the  distribution  of  the  stresses  in  it  strictly  in  proportion  to 
the  relative  rigidities  of  the  paths  by  which  those  stresses  are  carried, 
so  that  the  greatest  total  stresses  occur  wherever  the  structure  offers 
the  greatest  total  resistance  to  deformation. 

The  steel  reinforcement  in  a  slab  affords  the  principal  resistance 
to  tensile  stress,  and  hence  the  total  tensile  resistance  is,  in  general, 
where  the  cross-section  of  steel  is  greatest.  Consequently,  the  distri- 
bution of  the  tensile  stresses  will  in  general  be  controlled  by  the 
quantity  and  position  of  the  steel  in  the  slab. 

3. — Shearing  Stresses  in  Flat  Slabs. — Equilibriuni  requires  that 
the  total  vertical  shearing  stress  across  the  perimeter  or  margin  of 
any  panel  shall  be  equal  to  the  sum  of  the  total  live  load  resting  on 
the  panel  added  to  the  weight  of  the  panel  itself.  The  perimeter  of 
the  panel  may  be  taken  approximately  at  the  sides  of  the  rectangle  the 
corners  of  which  are  at  the  four  adjacent  column  centers,  but  it  may 
be  found  somewhat  more  exactly  by  replacing  parts  of  this  rectangle 
near  the  columns  by  parts  of  the  perimeters  of  the  column  capitals  for 
90°  around  each  column  center. 

Shearing  stresses  transmit  loads  horizontally  by  the  help  of  the  bend- 
ing moments  which  they  bring  into  play,  and  they  re-apply  those  loads 
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undiminished  in  total  amount  at  the  supports  at  some  distance  hori-    Mr. 
zontally  from  their  initial  positions.  Eddy, 

In  order  to  discuss  this  matter  mathematically,  designate  the  total 
uniformly  distributed  load  on  one  panel  by  IF,  then,  in  case  of  a  square 
panel  loaded  uniformly  and  supported  at  its  four  sides  by  walls  or 
equal  girders,  the  total  vertical  shear  across  a  section  close  to  one  side 
is  IW,  as  is  evident  either  by  symmetry  or  by  the  principle  of  the 
equal  rigidities  of  the  possible  paths,  lying  in  two  directions  at  right 
angles  to  each  other,  by  which  the  load  may  be  carried  to  the  supports. 

Again,  take  the  case  of  a  single  inside  panel  of  any  equally  loaded 
panels  supported  on  columns  with  square  capitals,  the  edges  of  which 
are  parallel  to  the  sides  of  the  panels;  then,  on  the  same  principle,  it 
is  evident  that  the  vertical  shear  across  each  side  of  each  capital  is 
iW.  Now,  whatever  may  be  the  shape  of  the  perimeter  of  the  capitals, 
the  sections  on  which  vertical  shear  occurs  may  be  taken  to  be  made  up 
of  an  infinite  number  of  successive  elementary  vertical  faces  all  of 
which  are  parallel  either  to  one  or  other  of  the  sides  of  the  panel. 
Then  the  total  shear  on  all  the  vertical  faces  on  one  side  of  a  capital, 
which  are  parallel  to  one  side  of  a  panel,  is  iW.  This  may  be  regarded 
as  equivalent  to  saying  that,  whatever  shape  the  perimeter  of  the 
capital  may  actually  have,  it  can  be  assumed  without  material  error 
for  the  purposes  of  computation  to  be  replaced  by  a  square  capital. 

It  wall  be  noticed  that  the  intensity  of  the  vertical  shear  across  the 
perimeter  of  the  panel  is  distributed  in  a  very  different  manner,  in 
the  case  of  supporting  walls  on  four  sides,  from  its  distribution  across 
the  edges  of  square  capitals,  in  the  case  of  supporting  columns,  for, 
in  the  latter  case,  the  shear  is  all  concentrated  at  the  perimeter  of  the 
capitals  and  is  zero  at  the  other  parts  of  the  perimeter  of  the  panel 
between  capitals,  although  the  total  amount  in  either  case  must  be 
equal  to  the  panel  load,  W. 

This  concentration  of  shear  is  brought  about  by  the  bending  and 
deformation  of  the  slab,  in  which  a  shallow  saucer-shaped  hollow  is 
produced  around  each  panel  center,  while  around  each  column  center 
the  slab  is  bent  into  the  shape  of  an  inverted  saucer.  The  stresses  ac- 
companying these  deformations  effect  the  distribution  of  the  shears 
just  mentioned,  as  well  as  that  of  the  bending  moments  also,  a  matter 
which  will  be  treated  later. 

In  case  of  wall  supports  on  the  sides,  slab  deformations  are  very 
different  from  this,  as  they  produce  the  distribution  of  shears  and 
moments  that  occur  at  the  walls,  which  are  very  different  from  those 
at  the  perimeter  of  the  capitals,  a  matter  that  has  been  treated  by  the 
writer  elsewhere.*  In  all  cases,  the  distribution  of  the  vertical  shears 
depends  on,  and  is  controlled  by,  the  relative  rigidities  of  the  various 

*  "Concrete-Steel   Construction",   Eddy   and  Turner,   p.   285. 
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Mr.  parts  of  the  perimeter  and  supports,  as  expressed  by  their  capacity 
^'  to  resist  vertical  forces  without  yielding.  Any  subsidence  or  yielding 
of  a  support  or  any  part  of  it  will  alter  the  distribution  of  shears  that 
otherwise  would  take  place  and  reduce  their  intensity,  and  any  in- 
equalities in  the  resistance  of  the  material  at  the  perimeter  of  a  capital 
will  cause  corresponding  inequalities  in  distribution  of  the  shears. 

Again,  consider  a  single  square  panel  that  is  one  of  a  single  tier 
of  equal  square  panels  which  constitute  a  wide  beam  and  are  sup- 
ported on  a  succession  of  equi-distant  transverse  parallel  walls  or  rigid 
girders  across  the  tier.  In  this  case  no  saucer-shaped  hollows  are  pro- 
duced hy  the  load,  for  simple  flexure  alone  occurs  in  such  a  case,  and 
the  deformation  is  designated  as  cylindrical,  meaning  thereby  that  the 
surface  produced  by  flexure  is  a  ruled  surface  such  that  any  sections 
of  it  by  vertical  planes  parallel  to  the  wall  supports  are  horizontal 
straight  lines  parallel  to  the  walls.  In  this  structure  the  entire  shear- 
ing rigidity  at  the  sides  of  a  panel  is  at  the  walls,  and  is  zero  at  the  two 
unsupported  sides.  The  total  shear  at  each  supported  side  is  ^W  and 
the  total  shear  at  any  parallel  vertical  section  between  the  walls  will 
be  twice  that  occurring  at  the  corresponding  section  of  an  inside  panel 
of  a  continuous  slab  of  several  tiers  of  panels  on  separated  supports, 
such  as  was  considered  previously.  As  just  stated,  this  shear  of  JTF 
is  due  to  the  fact  that  there  are  no  supporting  resistances  or  rigidities 
at  the  two  unsupported  sides  of  this  panel. 

This  fundamental  difference  in  the  distribution  of  the  total  vertical 
shear  at  or  across  panel-wide  sections  in  those  two  cases  is  of  the 
utmost  importance  in  the  theory  of  flat  slabs,  because,  owing  to  the 
fact  already  stated  that  a  given  panel  load,  W,  can  produce  a  total 
shear  at  the  perimeter  no  greater  than  W,  not  only  are  the  total  shears 
in  sections  parallel  to  the  sides  of  the  panels  of  flat  slabs  on  separated 
supports  50%  less  than  in  the  wide  beam  structure  just  described, 
but,  by  reason  of  the  necessary  relation  existing  between  the  shears  and 
the  bending  moments,  the  total  applied  bending  moment  produced  at 
any  panel-wide  section  of  an  inside  panel  is  likewise  reduced  to  50% 
of  that  which  would  be  produced  if  the  total  load  were  carried,  as  in 
the  beam,  by  moments  across  that  section  and  sections  parallel  to  it, 
and  none  of  it  was  carried  by  moments  across  sections  at  right  angles 
thereto.  Now,  since  in  a  continuous  slab  on  separated  supports  eqiial 
rigidities  occur  in  two  sets  of  sections  at  right  angles  to  each  other, 
both  must  act  at  the  same  time,  and  each  does  50%  only  of  that  which 
it  would  do  in  the  absence  of  the  other.  In  other  words,  since  the 
shears  in  the  sections  parallel  to  either  one  of  the  sides  of  the  panels 
in  a  continuous  slab  on  separated  supports  are  those  that  arise  from 
a  uniform  panel  load  of  iW,  and  equal  shears  also  occur  in  sections 
at  right  angles  thereto,  it  follows  that  the  applied  bending  moments 
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across  each  of  the  set  of  panel-wide  sections  parallel  to  the  sides  of  Mr. 
such  a  panel  are  those  arising  from  a  uniformly  distributed  panel  load  ^ 
of  only  iW,  instead  of  a  load,  W,  as  was  the  case  in  a  beam. 

However,  a  wall  panel  in  a  flat  slab  floor  that  rests  on  a  side-wall 
of  the  building  at  one  side  of  the  panel  is  prevented  by  the  wall  from 
having  any  deflection  at  that  edge,  so  that  the  curvature  of  the  panel 
under  load  is  more  nearly  cylindrical  near  the  wall  than  it  would  be 
with  separated  column  supports  at  the  edge.  This  makes  the  action 
of  the  panel  more  nearly  like  that  of  a  wide  beam  with  one  end  rest- 
ing on  the  wall.  In  other  words,  the  total  shear  in  a  section  close  to 
the  wall  will  be  greater  than  ^W,  but  less  than  ^W,  while  the  total 
shear  in  a  section  at  right  angles  to  the  wall  and  at  the  edge  of  the 
panel  will  be  less  than  iW.  The  applied  bending  moments  in  these 
two  directions  in  the  panel  will  be  such  as  to  correspond  to  those  shears. 

An  outside  panel,  however,  the  outer  edge  of  which  is  supported 
on  separated  columns  only,  with  no  additional  girder  or  stiffening 
along  its  outer  edge,  undergoes  a  greater  deflection  at  the  outer  edge 
between  supports  than  at  other  edges,  and  the  total  shear  at  a  section 
near  the  outer  edge  is  less  than  at  corresponding  sections  near  the 
other  edges  of  the  panel,  and  needs  additional  stiffening  in  the  slab, 
either  at  the  outside  edge  or  parallel  thereto.  The  effect  of  this  kind 
of  column  support  is  to  make  the  total  shear  in  a  section  near  the 
outer  edge  of  the  panel  less  than  iW,  while  it  makes  that  in  a  section 
of  the  panel  at  right  angles  thereto  and  near  the  side  of  the  panel 
greater  than  iW.  Corresponding  changes  occur  in  the  total  applied 
bending  moments  in  the  two  directions  in  these  panels.  This  last  kind 
of  outside  panel  with  others  contiguous  thereto  takes  on  more  or  less 
of  the  properties  of  a  beam  along  the  outside  of  the  slab  in  which  it 
differs  materially  from  an  outside  panel  resting  on  a  wall,  which  last,, 
it  was  seen,  had  some  of  the  properties  of  a  beam  with  an  end  at 
the  wall. 

A  comparison  of  the  two  preceding  paragraphs  shows  that  outside 
panels  supported  at  the  edge  of  the  slab  on  an  outside  row  of  columns 
may  be  designed  so  that  their  action  will  resemble  closely  that  of  the 
inside  panels.  In  order  that  this  may  occur,  the  reinforcement  at 
the  outside  edge  must  be  such  that  at  the  heaviest  loads  to  which  it  is 
subjected  the  deflections  will  be  the  same  at  mid-span  between  the 
columns  at  the  edge  as  occur  under  these  loads  at  mid-span  between 
interior  columns.  These  identical  deformations  will  ensure  nearly 
equal  shears  and  bending  moments  in  outside  and  inside  panels,  because 
the  saucer-shaped  deformations  will  be  nearly  the  same  in  each. 

4- — Applied  Bending  Moments  in  Flat  Slabs. — It  is  a  well-known 
proposition  of  beam  theory  that  the  sum  total  of  half  the  numerical 
values  of  the  applied  negative  bending  moments  at  the  ends  of  any 
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Mr.    span  of  length,  L,  plus  the  numerical  value  of  the  positive  bending 
^'  moment  applied  at  mid-span,  all  arising  from  a  uniformly  distributed 

WL 

load,   IF,  amounts  to ,  whether  the  span  is  a  simple  one  with  end 

o 

supports  merely,  or  is  continuous,  or  partly  so,  and  this  without  regard 

to  the  loading  or  absence  of  loading  on  other  spans  of  the  beam.     This 

proposition   holds   true   regardless  of  the   relative  magnitudes   of   the 

moments  of  inertia  of  the  beam  at  its  successive  cross-sections  by  which 

the  relative  rigidities  of  the  beam   in  resisting  the  applied  bending 

moments  is  expressed.     It  likewise  is  independent  of  the  rigidity  or 

lack  of  rigidity  of  the  supports  or  their  connections  with  the  beam  in 

resisting  applied  bending  moments.  The  proposition,  therefore,  considers 

such  a  beam  as  an  indeterminate  structure  to  which  the  principle  of  rigid- 

WL 

ities  applies  in  determining  how  the  total  moment, -—-,  is  distributed 

between  mid-span  and  ends.     It  will  be  convenient  to  designate  this 

W  L 

constant  quantity,  —7^,  as  the  total  applied  bending  •  moment  in  the 

o 

span,  L,  due  to  the  uniform  load,  W.  A  proof  of  this  well-known 
proposition  may  be  fomid,  among  other  places,  in  a  paper  by  the 
w,riter.* 

In  accordance  with  the  conclusions  already  reached  in  this  dis- 
cussion, the  total  applied  bending  moment  in  each  direction  parallel 
to  the  sides  in  a  panel  of  a  continuous  slab  on  separated  supports 
depends  on  the  part  of  the  load  that  is  transmitted  by  the  shears  in 
that  direction,  so  that,  in  an  inside  panel  of  such  a  slab,  only  one-half 
of  the  bending  moment  would  be  applied  in  each  direction,  and  there- 
fore the  sum  total  of  the  numerical  value  of  the  positive  applied  bend- 
ing moment  across  a  mid-section  parallel  to  one  side  added  to  the 
numerical  value  of  the  negative  applied  bending  moment .  across  that 

WL 

side  is  only  — — .    In  any  case,  the  sum,  as  above  specified,  of  the  ap- 
16 

plied  bending  moments  in  the  two  spans  lying  at  right  angles  in  any 

WL 

panel  would  together  have  the  constant  value,  — —— . 

o 

In  view  of  this,  and  disregarding  for  the  instant  the  effect  of  the 
size  of  the  supports,  we  Avill  state : 

Proposition  II. — In  any  square  panel,  inside  or  outside,  of  a  con- 
tinuous flat  slab  on  rows  of  separated  supports  placed  at  suc- 
•cessive  distances  of  L  from  each  other  and  carrying  a  total 
uniformly  distributed  panel  load,  W ,  the  sum  total  of  the 
numerical   values   of   the   positive   applied  bending   moments 

*  "A  Further  Discussion  of  the  Steel  Stresses  in  Flat  Slab  Floors",  Proceedings, 
Am.  Concrete  Institute,  1916,  p.  281. 
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acting-  across  the  two  panel-wide  mid-sections  drawn  at  right    Mr. 

angles  parallel  to  the  sides,  added  to  half  the  sum  total  of  the  ^ddy. 

applied  bending  moments  acting  across  the  four  sides  of  the 

, .  ,         ,  .       WL 

panel,  is  equal  to  the  constant  quantity,  ■ 

o 

This  proposition  may  be  readily  demonstrated  for  an  inside  panel 
in  which  the  rigidities  are  equal  and  symmetrical  about  both  of  the 
mid-sections.    For, 

Let  Sj.  represent  the  total  vertical  shear  across  a  panel-wide  sec- 
tion at  a  distance,  x,  from  the  panel  center; 
and  let  M^  represent  the  total  applied  bending  moment  at  the  same 

section. 
Then,  dMj;  =  Sj^dx,  for  this  equation  expresses  the  necessary  funda- 
mental relation  of  shear  to  applied  moment  along  .r. 

Similarly,  for  sections  at  right  angles  to  this,  the  corresponding  equa- 
tion may  be  written : 

dMy  =  Sydy. 

Now,    combining   sections    at    right   angles   to    each   other   and   at 

equal  distances  from  the  panel  center  at  which  x  =  y,  the  sum  of  the 

two   vertical   shears   across   these   sections   is   equal   to   the   total  load 

between  either  of  them  and  the  mid-section  at  x  =  0,  or  at  y  =  0; 

Wx  W 

that  is,  when  x  —  y,  we  have  S^  +  aS\^  =  — — -,  in  which  — -  is  the  total 

panel  load  per  unit  of  width  or  length  of  panel. 

In  case  of  equal  rigidities  in  directions  at  right  angles,  at  equal 
distances,  x  ^=  y,  from  mid-section,  we  have  Sj,  =  Sy,  but  not  in  case 

•   •   .  •        T  Wx 

of  unequal  rigidities.    In  any  case,  at  x  =  y  we  have  S^.  +  Sy  = . 

Hence,  by  addition,  at  x  =  y, 

a  (3£,  +  M^)  =  (S^  +  S.^)  d  x  =  Kl^^ 

and  integrating  between  a;  =  0  and  a;  —       L, 

o 

that  is,  the  excess  of  the  sum  total  of  the  positive  moments  across  the 
two  panel-wide  mid-sections  drawn  at  right  angles  to  each  other  over 
the  sum  total  of  the  negative  moments  across  two  sides  mutually  at 

WL 
right  angles  is  — — .    This  excess,  however,  is  the  sum  of  the  numerical 
o 

values  of  these  moments,  which   is   the   result   stated   in   Proposition 
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Mr.    II.     This  holds  true  in  general  in  case  of  unsymmetrical  rigidities, 


Eddy 


although  the  demonstration  is  less  simple  for  the  more  general  case. 

The  distribution  of  the  bending  moment  along  each  panel-wide 
section  depends  on  the  relative  resistance  to  bending  of  the  several 
parts  of  that  section,  as  was  pointed  out,  for  example,  where  the 
bending    resistance    of    the    crown-sheet   of    a   boiler   was    considered. 

WL 

The  sub-division  of  the  total  applied  bending  moment,    — — ,  between 

8 
the  two  directions  at  right  angles,  however,  depends  not  only  on  their 
relative  resistances   to   bending   moments   at   these   sections,   but   also 
on  their  capacity  to  resist  vertical  shears  as  well. 

As  a  result  of  the  preceding  investigation,  we  have  consequently 
established  the  following: 

Corollary. — In  a  square  interior  panel  under  a  uniform  load,  W, 
the  total  numerical  value  of  the  positive  bending  moment  at 
a  mid-section,  added  to  the  total  numerical  value  of  the 
negative  bending  moment  at  an  edge  parallel  to  the  mid- 
section, is  only  one-half  of  — -— . 

o 

Disregarding  for  the  instant  the  reduction  of  span  due  to  the  size 
of  the  capital,  the  report  says : 

"Analysis  shows  that  *  *  *  the  numerical  sum  of  the  positive 
moment  and  the  negative  moment  at  the  two  sections  named  is  given 
quite  closely" 

WL 

by  — - — ,  when  written  in  the  notation  used  herein.     This  shows  that, 

8 

for  an  inside  panel,  the  analysis  adopted  in  the  report  would  make 
the  applied  moments  twice  as  great  as  has  just  been  shown  really  to 
exist.  It  is  stated  in  the  report,  however,  that  the  use  of  moment 
coefficients  somewhat  less  than  those  derived  by  this  analysis  is  believed 
to  be  warranted,  and  the  reason  assigned  for  this  is  the  tensile  resist- 
ance of  the  concrete.     How  small  the  allowance  to  be  made  on  this 

account  is,  may  be  estimated  from  the  recommended  coefficients  of  -— 

at  mid-span  and  —  at  a  margin,  the  sum   of  which  is  practically  — — 
15  9.4 

in  place  of  — ,  as  given  by  analysis.     It  is   clear,  therefore,  that  the 

o 

recommendations  in  the  report  practically  require  provision  to  be  made, 
so  far  as  resisting  applied  moments  are  concerned,  sufficient  to  carry 
the  entire  load  by  resistance  in  one  direction  only  and  then  require, 
in  addition,  that  provision  shall  also  be  made  to  carry  the  entire  load 
by  resistance  in  a  section  direction  at  right  angles  to  the  first,  when, 
in   fact,   one-half  must  be   carried   in   each   direction.     It  is  perhaps 
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unnecessary  -  to    remark    that    since    moment    magnitudes    are    of    the    Mr. 
nature  of  directed  quantities,  moments  at  right  angles  to  each  other      *  ^' 
are  mutually  independent  of  each  other. 

5. — Lines  of  Inflection. — As  ordinarily  understood,  lines  of  inflec- 
tion or  lines  of  contraflexure  are  those  lines  drawn  on  the  slab  at 
which  successive  panel-wide  sections  of  the  slab  cut  out  by  vertical 
planes  parallel  to  the  sides  of  the  panel  change  curvature  from  convex 
to  concave,  or  vice  versa.  It  is  evident  that  since  there  are  two  such 
sets  of  panel-wide  sections  at  right  angles  to  each  other,  there  must 
be  two  sets  of  lines  of  inflection  crossing  each  other.  There  would 
also  be  other  lines  of  inflection  for  any  other  sets  of  sections,  as,  for 
example,  sections  parallel  to  the  diagonals,  etc.  Considering,  how- 
ever, for  the  present,  only  those  lines  of  inflection  arising  from  panel- 
wide  sections  parallel  to  the  sides,  and  in  order  to  arrive  at  a  more 
complete  understanding  of  them  and  their  relations  to  the  deforma- 
tions of  the  panels,  let  us  take,  for  the  sake  of  simplicity,  the  case 
of  a  homogeneous  uniform  flat  plate,  such,  for  example,  as  a  steel 
plate  of  indefinite  extent,  resting  on  rows  of  equidistant  separated 
supports  in  square  array,  and  let  it  be  subjected  to  equal  concentrated 
loads,  applied  at  the  panel  centers.  Then,  the  upward  resistance  at 
each  support  is  equal  in  magnitude  to  each  of  the  concentrated  loads. 
The  top  and  bottom  of  the  plate  are  then  subjected  to  sets  of  forces 
which  are  alike  in  every  particular  except  position  and  opposite  direc- 
tion, and  the  plate  is  bent  in  a  perfectly  symmetrical  manner.  On 
the  surface  of  the  plate  draw  lines  parallel  to  the  sides  of  the  panels 
located  half  way  between  the  supports  and  the  panel  centers.  This 
will  divide  up  the  entire  surface,  checker-board  fashion,  into  squares, 
the  sides  of  which  are  one-half  the  distance  between  supports.  These 
lines  will  be  the  inflection  lines  of  the  plate.  The  squares  over  the 
supports  will  be  convex  upward,  those  in  which  the  panel  centers  lie 
will  be  convex  downward,  the  others  will  be  saddle-shaped.  The 
bending  moments  across  the  lines  of  inflection  will  be  zero. 

If,  now,  the  loading  is  supposed  to  be  changed  from  concentrated 
loads  to  a  uniformly  distributed  load,  the  curvatures  in  the  central 
part  of  the  panel  will  not  be  so  sharp  as  in  the  case  of  concentrated 
loads,  and  the  lines  of  inflection  will  thereby  be  removed  slightly 
toward  the  supports,  but  will  still  remain  straight.  If,  however,  the 
plate  is  replaced  by  a  slab  which  is  reinforced  so  as  to  be  stiffer  over 
the  supports  than  elsewhere,  that  will  move  those  parts  of  the  lines 
of  inflection  which  are  around  the  supports  farther  away  from  the 
supports,  so  that  they  no  longer  will  be  straight.  If,  in  addition,  the 
stiffness  of  the  slab  across  the  saddle-shaped  areas  is  made  less  than 
elsewhere,  those  parts  of  the  lines  of  inflection  which  lie  around  the 
panel  centers  will  move  nearer  to  the  sides  of  the  panel.     In  such  a 
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Mr.  slab,  the  lines  of  inflection  will  divide  up  the  area  of  the  slab  irregu- 
■  larly,  in  checker-board  fashion,  into  areas  which  are  only  roughly 
rectangular,  in  which  the  convex  and  concave  areas  have  bulging 
sides,  but  the  saddle-shaped  areas  will  have  hollowing  sides.  The 
sides  of  these  irregular  areas  are  the  loci  of  no  bending  across  them 
along  sections  perpendicular  to  the  sides  of  the  panel,  and,  conse- 
quently, of  no  bending  moment  in  that  direction,  but  that  does  not 
necessarily  signify  that  the  stresses  in  either  the  steel  or  the  concrete 
is  zero  across  these  lines.  This  is  a  fact,  because  the  steel  rods  which 
are  known  to  be  in  tension  both  in  the  tension  areas  around  the 
supports  and  in  those  around  the  panel  centers,  are,  no  doubt,  in 
tension  throughout  their  entire  lengths,  not  only  in  the  tension  areas, 
but  across  the  lines  of  inflection  as  well,  which  fact  would  require 
the  entire  cross-section  of  the  concrete  to  be  in  compression  across 
lines  of  inflection,  because,  at  any  vertical  section  subjected  to  bending 
moment  only,  the  sum  of  the  tensions  and  comijressions  must  be 
numerically  equal. 

From  what  has  been  already  stated,  it  is  evident  that  the  location 
of  the  lines  of  inflection  is  &s.ed  by  the  rigidity  of  the  slab,  and  is 
largely  within  the  control  of  the  designer,  so  that  it  will  be  prac- 
tically where  the  steel  dips  down  below  the  neutral  surface  of  the 
slab  as  it  passes  from  the  tensile  zones  at  the  top  to  those  at  the 
bottom  of  the  slab. 

ISTow,  compare  this  with  a  design  in  which  all  the  steel  does  not 
dip  down  at  the  same  line.  The  effect  of  this  would  be  to  cause  the 
lines  of  inflection  to  lie  at  one  place  for  one  concentration  of  loading 
and  at  another  place  for  a  different  concentration. 

The  difference  of  action  between  these  arrangements  of  steel  is 
like  that  existing  between  the  cantilever  bridge  and  the  continuous 
bridge  of  several  spans.  In  the  continuous  bridge,  the  inflection 
point  moves  along  the  bridge  to  some  extent  as  a  train  crosses,  whereas, 
in  the  cantilever  bridge,  the  point  of  zero  moments  is  located  definitely 
by  a  joint  at  the  junction  of  the  cantilever  and  suspended  span.  The 
same  advantages  are  secured  in  flat  slabs  as  in  bridges  by  fixing 
the  length  of  the  cantilever  as  well  as  the  relative  size  of  cantilever 
head  and  suspended  span  by  having  all  the  steel  dip  down  at  a 
given  line,  for  this  arrangement  reduces  the  bending  resistance  at 
the  line  so  as  to  make  it  the  line  of  inflection  at  all  times. 

It  is  evidently  possible  to  make  the  cantilever  extend  out  from 
the  supports  to  any  distance,  even  as  far  as  mid-span,  by  sufficiently 
reinforcing  the  top  of  the  cantilever  throughout  and,  at  the  same  time, 
reducing  the  resisting  moment  of  inertia  of  the  section  at  the  edge 
of  the  cantilever.  Now,  this  will  be  practically  accomplished  by 
making   all  rods   dip   together   at  the   same  line  of   inflection   prede- 
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terniiiied   in   such  position   as   to   separate  the   total   applied   bending    Mr. 

moment  of  the  panel  into  such  parts  as  may  be  desired.     This  may 

be  formally  stated  in  the  following- : 

Proposition  III. — In  a  continuous  flat  slab  on  separated  supports 
the  relative  size  of  the  cantilevers  over  the  supports  and  the 
suspended  spans  within  the  panels,  as  well  as  the  relative 
magnitudes  of  the  total  applied  bending  moments  across  the 
panel-wide  sections  at  mid-span  and  at  the  sides  of  the  panel, 
m.ay  be  controlled  by  the  location  of  the  dip  in  the  reinforcing 
rods  across  the  neutral  surface  at  predetermined  lines  of 
inflection. 

Now,  it  is  recommended  in  the  report  to  have  the  steel  dip  down 
one  part  of  it  at  one  distance  from  the  edge  of  the  panel  and  another 
part  at  another  distance,  thus  making  the  position  of  the  lines  of 
inflection  absolutely  impossible  of  determination  for  any  loading,  and 
diiferent  for  difl^erent  dispositions  of  load,  and  also  making  the  sub- 
division of  the  total  moment  between  mid-span  and  margin  uncertain. 
The  actual  subdivision  will  then  depend  on  several  factors  besides 
the  positions  where  the  steel  dips  down,  such  as  the  relative  moments 
of  inertia  of  the  cross-sections  at  mid-span  and  margin,  and  the 
stiffness  of  columns,  etc.  The  recommendation  is  bad  in  principle 
and  more  to  be  honored  in  the  breach  than  in  the  observance,  because 
making  the  rods  dip  down  at  different  points  renders  bending  moments 
indeterminate  which,  otherwise,  would  be  determinate.  This  is  dis- 
cussed somewhat  more  in  detail  in  the  next  section. 

G.^Column  Rigidities  and  Relative  Slab  Rigidities  across  Panel- 
ivide  Sections,  as  Ajfecting  the  Sub-division  between  Mid-Span  and 
Margins  of  the  Total  Applied  Bending  Moment  in  the  Panel. — In 
any  beam  of  constant  moment  of  inertia,  fixed  horizontally  at  the 
ends  and  uniformly  loaded  with  a  total  load,  W,  the  applied  bending 
W  L  W  L 

moment  at  mid-siian  is  — — —  and  at  each  end  is .     In  case  the 

24  12 

moment  of  inertia  or  resistance  to  bending  is  made  greater  at  and 
near  the  ends  than  elsewhere,  the  numerical  value  of  the  applied 
bending  moment  at  each  end  will  be  increased  at  the  expense  of  that 

W  L 

at  mid-span,  but  their  numerical  sum  will  still  be .     If,  however, 

the  restraint  at  the  ends  is  reduced  so  as  to  be  insufficient  to  fix  them 
horizontally  at  the  supports,  the  positive  moment  at  mid-span  will 
increase  numerically,  while  the  numerical  value  of  the  negative  moment 
at  each  end  will  be  decreased  by  the  same  amount.  Similar  principles 
apply  to  the  moments  at  panel-wide  sections  of  inside  panels  of  a 
continuous  slab  over  separated  supports,  except  that  the  uniformly 
distributed   load   in   the   case   of   the   slab,   which   causes   the   applied 
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Mr.  moment  in  each  direction,  will  be  only  one-half  of  the  total  panel 
^'  load,  W,  as  previously  shown.  The  column  supports  of  a  continuous 
slab  are  not  usually  sufficiently  rigid  to  afford  perfectly  horizontal 
restraint  at  the  supports,  but  there  seem  to  be  clear  indications  that, 
under  ordinary  circumstances,  the  columns  resist  about  one-half  the 
unequalized  bending  moments  at  the  supports.  That,  however,  is  partly 
dependent  on  the  rigidity  of  the  connections  between  the  slab  and 
the  supports. 

In  order  to  obtain  an  outside  estimate  of  the  divergence  between 
the  effect  of  the  complete  restraint  at  the  ends  previously  considered 
and  free  tipping  over  the  supports,  let  us  suppose  a  uniform  beam  of 
three  equal  spans  resting  on  four  supports,  with  a  uniform  load  on 
the  middle  span  only,  but  free  to  tip  at  all  four  supports.  The  theorem 
of  three  moments   shows  that,   in   this  case,  the  applied  moments  at 

W  L 

the  support  would  be  —  ,  while  that  at  mid-span  would  be  about 

W  L 

.      If,  however,  the  beam  were  fixed  horizontally  as  its  two  ends, 

13 

but  could  tip  freely  over  the  two  intermediate  supports,  the  amounts 

W  L 

over  these  would  each  be  — ,  while  that  at  mid-span  would  be  about 

18 

W  L 

.      These  results,  compared  with  those  for  the  single  span   with 

fixed  ends,  show  that  although  lack  of  fixity  at  the  ends  of  the  span,  L, 
might  reduce  the  numerical  value  of  the  applied  moment  by  one-third 
or  more  at  the  edges  of  the  panel,  at  the  same  time  it  might  nearly 

WL 
double  the  moment,  ,  at  mid-span,  even  when  no  account  is   taken 

of  any  additional  effect  due  to  increased  stiffness,  such  as  is  usual  at 
the  edges  of  the  panel. 

As  previously  shown,  the  foregoing  results  for  beams  should  be 
divided  by  two,  in  order  to  make  them  applicable  to  inside  panels  of 
continuous  slabs  of  equal  moments  of  resistance  at  mid-span  and 
margin. 

How  little  the  results  thus  obtained  can  be  reconciled  with  the 

recommendation  in  the  report  which  proposes  to  use  the  coefficient  yr-, 

at  the  margin  and  —  at  mid-span,  regardless  of  relative  coiumu  and 

slab  rigidities,  is  left  to  the  meditation  of  the  reader. 

7. — The  Distnhution  of  Bending  Moments  Across  Panel-wide 
Sections. — As  already  stated,  in  connection  with  the  bending  of  the 
crown-sheet  of  a  boiler,  the  distribution  of  the  rigidities  in  any  panel- 
wide  section  completely  determines  and  controls  that  of  the  intensities 
of  the  resisting  moments  in  that  section.     Bending  moments  are  by- 
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products  and  secondary  phenomena  in  a  beam  or  slab,  and  depend  Mr. 
mathematically  on  the  shear,  which  is,  in  fact,  the  primary  action  '^  ^' 
produced  by  the  load.  The  rigidities  which  affect  the  distribution  of 
shears  are  mostly  independent  of  those  which  effect  the  distribution 
of  the  moments.  The  rigidities  which  control  the  distribution  of  the 
bending  moments  do  this  in  two  distinct  ways,  one  is  by  the  relative 
resistance  across  different  parts  of  any  panel-wide  section,  which  deter- 
mines the  distribution  and  relative  intensities  of  the  stresses  at  the 
several  parts  of  that  section,  the  other  is  by  the  relative  total  resistances 
across  the  parallel  sections  at  mid-span  and  margins  of  the  panel, 
which  determines  the  relative  total  moments  across  those  sections. 
The  effect  of  the  latter  has  been  considered  previously. 

We  are  concerned  here,  therefore,  with  the  sub-division  of  the  total 
bending  moment  at  one  margin  of  a  panel  into  two  parts,  one  part 
across  the  two  middle  quarters,  or  inner  section  of  the  edge  as  it  is 
called,  and  the  other  across  the  rest  of  the  margin,  or  the  column-head 
sections.  The  only  possible  basis  for  any  sub-division  or  partition 
of  the  total  marginal  moment  between  these  sections  of  the  margin 
must  be  some  existing  or  assumed  distribution  of  the  resistances  across 
these  sections.  For,  as  already  explained,  the  distribution  of  stresses 
will  depend  on  the  distribution  of  resistances.  It  should  be  noticed 
that,  in  case  a  distribution  of  stresses  was  found  for  a  uniform  plate 
by  calculation,  or  by  experiment,  as  was  done  by  Trelease,*  and  then 
the  slab  was  reinforced  by  belts  of  steel  the  resistances  of  which  are 
made  proportional  to  the  stresses  so  found,  the  slab  thus  reinforced  would 
no  longer  be  one  the  rigidities  of  which  were  those  of  the  original 
uniform  plate,  and  the  stresses  in  the  slab  would  then  be  distributed 
in  a  manner  very  different  from  those  in  a  uniform  flat  plate.  So 
that  any  such  basis  for  design  is  wholly  illusory.  This  is  also  true 
regarding  the  subdivision  of  the  total  applied  bending  moment  between 
the  parts  of  the  panel-wide  section  at  mid-span. 

The  saddle-shaped  deformations  which  occur  at  the  sides  of  the 
panel  directly  between  the  column  heads  produce,  in  the  top  of  the 
slab,  tensions  across  the  sides  at  mid-span  and  compressions  parallel 
to  the  sides.  These  are  stresses  on  vertical  plane  sections  of  the  slab 
at  right  angles  to  each  other,  and  express  a  state  of  stress  in  the 
material  which  may  be  expressed  otherwise  by  saying  that  there  are 
other  vertical  planes  intermediate  between  these  (inclined  to  them 
possibly  at  nearly  54°)  on  which  the  entire  resultant  stress  is  a  shear 
horizontally  along  each  plane,  which  increases  in  intensity  according 
to  its  distance  from  mid-depth  of  slab. 

The  material  of  the  slab  effectively  resists  these  shears,  especially 
when  it  is  well  reinforced  near  mid-span  of  the  sides,  and  such  resist- 

*  "The  Design  of  Concrete  Flat  Slabs",  by  F.  J.  Trelease,  Proceedings,  National 
Assoc,  of  Cement  Users,  Vol.  VIII,  1912,  p.  218. 
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Mr.  ance,  called  into  play  by  the  load,  helps  to  carry  the  load,  as  do  all 
other  resistances,  but  this  is  a  kind  of  resistance  additional  to  any 
■occurring  in  any  simple  beam  structure,  and  it  enhances  the  resistance 
of  this  part  of  the  slab  above  that  of  simple  moment  resistance  just 
as  truly  as  the  circumferential  and  radial  action  of  the  steel  does 
in  the  convex  and  concave  areas.  It  is  by  the  help  of  these  saddle- 
shaped  deformations  that  the  distribution  of  rigidities  across  the  sides 
effect  a  corresponding  distribution  of  stresses,  as  may  be  seen  from 
the  following  discussion. 

Suppose  that  little  or  no  tensile  resistance  existed  in  the  top  of 
the  slab  across  the  edge  of  the  panel  near  mid-span;  then  the  panel 
on  each  side  of  that  edge  would  deflect  more  readily  for  that  reason, 
and  the  deflections  at  the  panel  centers  on  either  side  of  this  edge 
would  be  greater  than  otherwise.  This  sag  on  each  side  and  yielding 
to  bending  across  mid-span  of  the  edge  would  transfer  the  applied 
bending  moments  each  way  from  this  point  and  bring  them  to  bear 
on  the  slab  at  and  near  the  column  heads.  If,  however,  very  rigid  rein- 
forcement is  introduced  across  the  edge  at  and  near  mid-span,  it  will 
resist  the  greater  portion  of  the  total  bending  moment  across  the  inner 
section  of  the  edge  and  relieve  the  tensile  stresses  across  the  column 
heads  by  just  so  much,  and  so  prevent  any  necessity  for  piling  much 
steel  directly  over  the  columns.  At  the  same  time  it  will  reduce  the 
central  panel  deflections  as  well.  Until  it  is  proved  that  steel  across 
the  column  heads  resists  bending  moments  more  economically  than 
across  the  inner  sections,  any  recommendations  such  as  those  in  the 
report,  following  the  Chicago  ruling,  and  intended  to  control  the  dis- 
tribution of  the  steel  across  the  margin,  etc.,  are  contrary  to  good  policy 
and  an  intolerable  restraint  on  legitimate  design. 

The  truth  of  this  last  statement  is  evident  from  the  following 
considerations.  The  intensities  of  compressive  stresses  across  panel- 
wide  sections  must  be  distributed  along  those  sections  in  a  manner 
corresponding  in  the  main  with  the  distribution  of  the  tensile  stresses 
in  the  steel  in  these  sections.  In  ordinary  design,  with  steel  belts 
massed  across  the  supports,  it  has  been  frequently  asserted  that  critical 
compressive  stresses  occur  in  the  concrete  around  the  column  capitals. 
If  this  is  true,  it  is  due  to  the  concentration  of  steel  in  the  side  belts, 
and  can  be  obviated  by  such  a  disposition  of  the  steel  as  to  transfer 
a  suitable  fraction  of  the  bending  moments  across  the  panel  edges 
to  the  inner  sections,  and  thereby  relieve  any  excessive  compressions 
in  the  outer  sections.  Aiiy  uncertainty  which  now  exists  respecting 
the  existence  of  too  large  compressive  stresses  at  right  angles  around 
the  capitals  can  be  thus  removed,  and  the  question  of  controlling  the 
critical  stresses  in  the  concrete  around  the  columns  be  thereby  confined 
to  the  question  of  the  vertical  shearing  stresses. 
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8. — Bending  Moments  Reduced  hij  Size  of  Capitals. — In  the  next  Mr. 
place,  consider  the  distance  by  which  the  length  of  the  span,  L,  between  '"  ^' 
the  column  centers  must  be  reduced  in  order  to  obtain  a  correct 
estimate  of  the  effective  span.  How  great  such  a  reduction  should 
be  depends  on  several  circumstances.  In  case  the  capitals  are  integral 
with  the  slab,  and  the  columns  perfectly  rigid  or  nearly  so,  the  effec- 
tive span  between  capitals  (each  of  diameter  ^=  C)  would  he  L  —  C, 
and  if  all  the  reinforcing  steel  was  to  pass  over  these  capitals,  the 
length  of  the  span  would  practically  be  iJ  —  C,  while  the  panel  load, 
W,  would  remain  practically  unchanged. 

As    a    mean    value,    under    ordinary    conditions    of    flexibility    of 
columns,  etc.,  the  mean  effective  span  may  be  conservatively  taken  as 

2 
L  —  -^  C,  although  this  may  be  subject  to  change  in  special  cases.     This 

may  be  stated  explicitly  as: 

Proposition   IV. — When   a    correction   for  the   size   of  capitals   is 

W  L 

introduced,  the  constant  applied  moment  in  the   span, 


8 


becomes  approximately 


8 
If  the  panel,  however,  is  one  of  a  tier  of  panels  supported  on  a 
series  of  successive  transverse  walls,  each  of  width  =  C,  instead  of 
on  separated  supports,  the  load,  W,  would  also  need  to  be  reduced 
in  the  same  ratio  as  the  span,  and  the  constant  applied  moment  per 
span  thus  corrected  would  become 

/         2  C\ 
due  to  an  effective  span,  L   (l  —  r^  )  •>  ^"^^   ^^^   effective  panel  load, 

W  {l  —  — r  )  .     It  is  evident,  however,  that  this  last  result,  which  has 

been  adopted  in  the  report,  is  inapplicable  to  the  case  of  the  panels 
of  a  slab  on  separate  supports. 

Common  practice  makes   C  not  less  than  0.2L,  while   C  =  0.225 
is  a  usual  value,  and  we  have,  consequently 

0.87  >  (l  —  ^)  >  0.85  and  0.76  >  (l  —  ^rr)    >  0.72. 

Hence,  it  appears  that,  by  reason  of  the  size  of  the  capitals  alone, 
the  constant  applied  bending  moment  may  possibly  be  reduced  to 

WL 

0.85  — — 
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Mr.    independently    of    any    other    reductions    that    may    occur,    sucli,    for 

^'  example,    as    that    treated    in    the    previous    sections.      However,    the 

amount  of  reduction  proposed  in  the  report,  which  would  make  the 

W  L  W  L 

total    constant    applied    about    0.75 ,  or  about ,    is    evidently 

unwarranted  hj  theory,  even  in  case  the  circumstances  were  such 
that  the  span  were  reduced  by  the  entire  diameter  of  the  capital, 
for  the  minimum  span  would  then  be 

L  —  C  =  L(1  —  0.225)  =  0.775  L. 

9. — Recapitulation. — First. — The  formula  proposed  in  the  report 
for  the  thickness  of  slabs  does  not  conform  to  accepted  usage  in 
reinforced  concrete  design,  which  increases  the  steel  ratio  with 
increase  in  the  ratio  of  thickness  to  span.  Consequently,  the  formula 
for  thickness  makes  the  proposed  minimum  thickness  too  large  for 
large  loads  and  spans. 

Second. — A  continuous  flat  slab  on  separated  supports  is  an  inde- 
terminate structure  in  which  the  distribution  and  relative  intensities 
of  the  stresses  depend  on  the  relative  rigidities  of  the  parts  acting, 
and,  in  particular,  on  the  massing  and  location  of  the  steel,  so  that 
the  statical  limitations  applicable  to  ordinary  statically  determinate 
structures  are  not  valid  in  such  a  slab. 

Third. — On  account  of  the  necessary  sub-division  of  the  total 
shear  arising  from  the  panel  load  which  is  carried  in  the  two  directions 
parallel  to  the  sides  independently,  the  total  applied  bending  moment 
acting  parallel  to  each  side  is  only  50%  of  that  stated  in  the  report 
in  case  of  inside  panels,  and  60%  of  it  in  case  of  outside  panels, 
provided  the  latter  be  taken  to  be  20%  greater  than  the  former,  as 
recommended  in  the  report. 

Fourth. — The  recommendation  that  the  dip  of  the  reinforcing 
rods  from  top  to  bottom  of  slab  be  distributed  at  various  distances 
from  the  edges,  is  not  well  founded.  A  dip  common  to  all  neighboring 
rods  should  be  used  to  fix  the  position  of  the  lines  of  inflection  and, 
at  the  same  time,  to  fix  the  sub-division  of  the  constant  total  applied 
moment  between  mid-span  and  margins. 

Fifth. — The  recommendation  that  the  cross-section  of  steel  across 
panel-wide  sections  at  mid-span  and  margins  be  apportioned  in  certain 
proportions  between  the  inner  sections  and  the  sections  at  the  column 
heads,  is  without  basis  in  sound  theory,  and  should  be  cancelled. 

Sixth. — The  coefficient  of  reduction   of  the  total   applied  moment 

/         2  C\ 
due  to  the  usiial  diameter  of  capitals  is  approximately   /  1  —  —=-  )  =  0.85 

/          2  C\  ^ 
and  not   (  1 )     =  0.75,  as  recommended  in  the  report. 
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CONSTKUCTION  METHODS 
FOE  ROGERS  PASS  TUNNEL 

Discussion.* 


By  Messrs.  R.  E.  Dougherty  and  C.  R.  Hulsart. 


R.  E.  Dougherty,!  M.  Am.  Soc.  0.  E. — The  method  used  in  driving       Mr. 
this  tunnel,  which  distinguishes  it  from  the  methods  utilized  in  similar    °"^  ^^  ^' 
instances,    involves    primarily    the    so-called    "pioneer    tunnel."      The 
arrangement   is  one  which   is   somewhat  new  in  tunnel   driving,   but 
the  fact   that  the  necessary   results  were   secured  by   the   contractors 
and  the  railroad  company  speaks  for  its  success. 

In  sending  out  invitations  to  the  contractors,  the  Chief  Engineer 
of  the  Canadian  Pacific  Railway  called  attention  to  the  fact  that 
time  was  a  very  considerable  factor,  to  such  an  extent  as  to  be  worth 
about  $750  per  day,  and  those  who  have  had  anything  to  do  with  rail- 
road operation  can  very  readily  appreciate  the  significance  of  the  time 
element.  It  is  altogether  possible  that  the  tunnel  might  have  been 
constructed  by  the  so-called  American  methods,  at  a  lesser  cost,  but 
the  fact  that  all  Ameripan  records  were  broken,  and  the  maximum 
results  obtained  by  European  methods  approximated,  would  justify 
the  means  used. 

Furthermore,  from  the  standpoint  of  economy,  reference  might 
be  made  to  an  article  by  Mr.  Sullivan,  Chief  Engineer  of  the  Canadian 
Pacific,  which  appeared  in  one  of  the  engineering  periodicals,  in 
which  he  states  that  the  actual  cost  of  construction  was  approximately 

*  Discussion  of  the  paper  by  A.   C.   Dennis,   M.  Am.   Soc.   C.   E.,   continued   from 
April,  1917,  Proceedings. 
t  New  York  City. 
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Mr.  $5.00  per  cu.  yd.  of  the  main  heading,  from  portal  to  portal,  which 
oug  er  y.  ii^gj^^jgjj  i\^q  ^Qst  of  the  pioneer  tunnel,  5  miles  of  railroad  to  the 
site  of  the  work,  overhead  charges,  and  all  other  costs  involved.  Fur- 
thermore, other  bids  secured  by  the  railroad  company  ranged  from 
$8.00  to  $11.25  per  cu.  yd.,  although  an  estimate  of  $5.50  per  cu.  yd. 
was  given  by  one  contractor,  based  on  the  American  method,  but 
calling  for  a  much  greater  length  of  time  than  was  actually  consumed. 
As  a  basis  for  comparison  in  the  matter  of  progress,  the  maximum 
rate  per  month  per  heading  attained  at  the  Rogers  Pass  Tunnel  was 
946  lin.  ft. ;  this  approximates  very  closely  the  maximum  rate  of  1  013 
lin.  ft.  per  month  attained  in  the  construction  of  the  Loetschberg 
Tunnel,  in  Switzerland. 

In  making  a  comparison  of  the  methods  used  in  the  construction 
of  other  long  tunnels,  the  only  work  which  appears  to  have  been  on 
a  similar  basis  is  that  involving  the  Simplon  Tunnel  in  the  Alps 
between  Italy  and  France.  The  Simplon  Tunnel  was  constructed  for 
a  single  track,  with  a  smaller  auxiliary  tunnel  which  was  designed 
to  become  a  part  of  a  future  parallel  single-track  tunnel,  the  prime 
purix)se  of  the  auxiliary  tunnel  having  been  to  permit  adequate 
drainage,  as  well  as  to  facilitate  the  handling  of  material,  etc.  With- 
out this  auxiliary  tunnel,  it  would  have  been  almost  impossible,  in 
all  probability,  to  construct  certain  portions  of  the  Simplon  Tunnel. 
In  the  case  of  the  Rogers  Pass  Tunnel,  however,  the  pioneer  or 
auxiliary  tunnel  had  no  relation  whatever  to  drainage,  inasmuch  as 
apparently  ideal  conditions  were  encountered.  Furthermore,  the  posi- 
tion of  the  pioneer  tunnel,  with  respect  to  the  main  heading,  was 
such  as  to  render  it  of  comparatively  small  value  for  drainage  purposes, 
had  unfavorable  conditions  of  that  character  been  encountered. 

A  careful  study  of  the  paper  and  other  literature  appearing  from 
time  to  time  in  engineering  periodicals  certainly  justifies  the  conclusion 
tliat,  although  the  method  used  was  not,  in  all  probability,  the  cheapest 
that  could  have  been  adopted,  nevertheless,  the  results  were  unques- 
tionably consistent  with  the  combined  elements  of  economy  and  time. 

One  feature  to  which  attention  is  attracted  is  the  fact  that  only 
li  miles  of  the  tunnel  will  be  lined.  It  would  seem  that  this  may 
be  a  possible  source  of  trouble  in  later  years,  especially  as  experience 
in  the  eastern  section  of  the  country  indicates  that,  in  a  number  of 
instances,  tunnels  unlined  at  the  time  of  construction  have  had  to 
be  widened  and  lined  over  traffic  at  an  abnormal  expense;  and,  even 
under  the  most  favorable  conditions,  it  would  seem  that  experience 
justifies  the  excavation  of  a  tunnel  section  of  sufficient  area  to  permit 
at  least  of  later  lining  without  the  necessity  of  excavating  over  traffic. 

Congratulations  are  heartily  extended  to  the  author  for  his  con- 
tribution to  the  literature  of  the  Society,  and  primarily  for  the  part 
which  he  has  taken  in  the  work  under  discussion. 
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C.  R.  Hi'LS'VRT,*  Assoc.  M.  Am.  Soc.  C.  E. — Milton  H.  Freeman,  Mr. 
Assoc.  M.  Am.  Soc.  C.  E.,  Resident  Engineer  on  the  East  River 
Tunnels,  joins  the  speaker  in  considering  the  pilot  heading'  somewhat 
as  a  horizontal  shaft.  Of  course,  its  length  is  greater  than  the  average 
length  of  shafts  in  tunnels,  but  it  is  much  cheaper  per  foot.  To  justify 
pilot  headings  on  a  purely  economical  basis  would  be  rather  difficult. 
They  must  be  justified  by  their  convenience  and  the  facilities  they 
afford  for  expediting  the  work.  For  instance,  the  Walkill  Pressure 
Tunnel,  one  of  the  Catskill  Aqueduct  tunnels,  more  than  23  000  ft. 
long,  had  six  shafts  ranging  from  330  to  about  500  ft.  deep.  Of 
course,  such  a  pilot  heading  would  not  be  applicable  to  pressure  aque- 
ducts, but,  taking  that  as  an  example,  for  those  six  shafts  at  a  cost 
of  $200  per  ft.  for  the  sinking  and  lining  (not  a  bid  price,  but  cost), 
such  a  drift  could  have  been  built  for  one-half  the  length  of  the 
tunnel,  or,  in  other  words,  shafts  about  f  or  h  mile  apart  could  have 
been  used,  instead  of  |  mile  apart. 

Tunnel  ventilation  is  an  interesting  subject.  The  wooden  stave 
pipe  gives  a  certain  rigidity,  which  was  lacking  in  the  12-in.  galvan- 
ized-iron  pipe  used  throughout  the  Catskill  Aqueduct.  It  permits  of 
the  exhaust  method,  which  most  tunnel  engineers  generally  favor. 
With  the  galvanized-iron  pipe,  the  exhaust  method  is  somewhat  disas- 
trous, because  in  exhausting,  while  blasting,  the  pipe  frequently  col- 
lapses. The  speaker  has  seen  several  hundred  feet  of  pipe  collapse, 
and  this  the  wooden  stave  pipe  would  not  do.  In  ventilating  the 
Newark  Bay  Tunnel  on  the  Passaic  Valley  Sewer,  R.  H.  Keays,  Assoc. 
M.  Am.  Soc.  C.  E.,  used  a  6-in.  pipe,  and  blew  air  into  the  heading 
at  a  pressure  of  7  lb.  at  the  compressor,  which  gave  excellent  results. 
The  ventilation  was  effective  for  more  than  1  mile.  The  length  of 
the  tunnel  was  11  000  ft.,  and  one  heading  was  considerably  longer 
than  1  mile.     The  men  were  never  overcome  by  smoke  or  fumes. 

On  the  Catskill  Aqueduct,  when  air  had  to  be  driven  for  some 
distance,  with  a  fan  which  could  create  a  pressure  of  perhaps  only 
7  oz.,  a  relay,  method  was  sometimes  adopted,  with  one  or  two  fans 
in  the  tunnel  for  blowing  in  or  exhausting. 

The  contractors  for  the  Rogers  Pass  Tunnel  made  extensive  use 
of  compressed  air,  a  plan  which  not  many  New  York  contractors 
would  follow,  to  the  same  degree.  Compressed  air  is  a  very  expensive 
form  of  power,  especially  (as  in  this  case)  when  compressed  to  1  000 
lb.,  for  use  in  traction  eng'ines,  trucks,  and  blowers.  On  the  Walkill 
Pressure  Tunnel,  which  was  particularly  well  planned,  some  tests  were 
made  with  air  compressed  to  100  lb.  and  used  for  pumping  purposes. 
Considering  the  whole  system,  from  the  power  that  went  into  the 
motors  operating  the  compressors,  to  the  water  pumped  at  the  tunnels, 

*  New  York  City. 
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Mr.  the  efficiency  was  found  to  be  about  7i%,  and  that  of  electric  pumps, 
Huisart.  ^^^  small  units,  was  about  55% ;  in  other  words,  electricity  was  from 
seven  to  eight  times  as  efficient  as  air  compressed  to  100  lb. 

To  compress  air  to  1 000  lb.  requires  two  and  a  half  times  as 
much  power,  and  it  is  used  in  any  ordinary  motor  pump,  hoist,  or 
traction  engine  at  a  pressure  of  about  100  or  150  lb.,  so  that  the 
efficiency  of  such  air-driven  machinery  would  be  about  one-twentieth 
of  that  of  electrically-driven  machinery. 

The  Rogers  Pass  high-pressure  plant  required  1  500  cu.  ft.  at  each 
end  of  the  tunnel,  or  3  000  cu.  ft.  of  free  air  raised  to  a  pressure  of 
1  000  lb.  This  involved  the  consumption  of  about  3  tons  of  coal  per 
hour,  during  the  time  the  two  compressors  were  running  (and  it  is 
assumed  that  they  ran  most  of  the  time).  Only  one-twentieth  of  this 
fuel  would  have  been  required  if  electric  power  had  been  used  for 
traction,  power  pumps,  and  blowers. 

The  shovel  plates  mentioned  reminded  one  of  the  tendency,  on  a 
great  many  jobs,  where  everything  is  being  sacrificed  for  speed,  to 
forget  to  put  them  down,  or  perhaps  eliminate  them  altogether.  On 
one  of  the  aqueduct  jobs,  where  shovel  plates  were  tried,  the  same  gang 
mucked  up  the  same  quantity  of  rock  in  30%  less  time  with  these 
plates  than  without  them. 

The  cost  of  making  records  in  driving  in  relatively  small 
tunnels  is  worth  studying.  In  the  Catskill  Aqueduct  tunnel — equiva- 
lent to  a  single-track  railway  tunnel — records  were  sometimes  rather 
expensive,  as  the  progress  in  such  a  tunnel  is  limited  to  a  great 
extent  by  the  speed  of  mucking.  If  the  speed  is  increased  the  muck 
is  increased,  more  muckers  are  required  in  a  smaller  space,  and  the 
men  are  in  one  another's  way.  As  an  example  of  this,  in  one  of 
the  headings  of  the  Walkill  Pressure  Tunnel,  where  the  progress  had 
been  about  80  ft.  per  week,  each  man  ■  was  handling  about  2  cu.  yd. 
of  solid  rock  in  8  hours.  The  progress  was  increased  to  about  90  ft., 
but  in  order  to  do  that,  the  number  of  muckers  was  increased,  and 
each  laborer  handled  about  li  cu.  yd.  of  solid  rock  in  8  hours.  The 
progress  was  then  increased  to  somewhat  more  than  100  ft.,  and  each 
laborer  handled  a  little  more  than  1  cu.  yd.  of  solid  rock  in  8  hours. 
In  view  of  these  facts,  another  firm  of  contractors,  carrying  relatively 
small  overhead  cost,  separated,  as  far  as  possible,  the  drilling  and 
mucking  operations.  The  firm  lost  sight  of  records  to  a  large  extent, 
and  went  in  for  economical  tunnel  driving.  Three  gangs  of  drillers 
and  three  gangs  of  muckers  were  used.  While  the  muckers  were  at 
one  heading,  the  drillers  were  at  the  other,  and  when  they  finished 
drilling  and  shooting  one  heading,  they  exchanged  headings  with  the 
muckers.  The  mucking  was  very  efficient.  The  speaker  does  not  know 
how  much  rock  each  man  handled,  but,  it  was  generally  considered 
as  a  very  economical  job. 
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THE  KECONSTRUCTION  OF  THE  STONY  RIVER 

DAM 

Discussion* 


By  Messrs.  William  Cain,  Charles  E.  Gregory,  Kenneth  C.  Grant, 
L.  K.  JoRGENSEN,  Edward  Wegmann,  Irving  p.  Church,  and  M.  M, 
O'Shaughnessy. 


William  Cain,!  M.  Am.  Soc.  C.  E.  (by  letter). $— The  writer  is  Mr. 
especially  interested  in  the  author's  use  of  "anchoring  walls"  to  increase  *'°' 
the  margin  of  security  against  the  sliding  of  the  dam.  Such  walls, 
projecting  below  the  foundation,  have  been  used  repeatedly  in  dam 
and  retaining  wall  design,  but  the  projections  were  generally  of  small 
depth,  so  that  little  attempt  has  been  made  to  state  the  principles 
aifecting  their  design.  The  author's  distinct  contribution  consists  in 
the  use  of  anchoring  walls  of  such  depth  that  the  weight  of  the  soil, 
from  the  foundation  to  the  level  of  the  lower  end  of  the  anchoring 
wall,  is  quite  appreciable,  and  is  utilized  in  increasing  the  resistance 
of  the  dam  to  sliding  by  lowering  the  possible  plane  of  sliding  from 
the  foundation  level  to  one  passing  through  the  bottom  of  the  anchor- 
ing wall.  He  has  entered  into  great  detail  regarding  the  principles 
affecting  this  design,  and,  in  connection  with  it,  has  discussed  the 
passive  resistance  of  earth  placed  below  the  dam  to  sliding  up  a  possible 
plane  of  rupture. 

It  is  to  be  regretted  that  the  author,  in  his  experiments  to  deter- 
mine the  combined  "adhesion"  and  friction  of  the  various  soils,  did 
not  apply  increasing  weights  to  the  box  containing  the  soil,  and  like- 

*  Discussion  of  the  paper  by  F.  W.  Scheidenhelm,  M.  Am.  Soc.  C.  E.,   continued 
from  April,  1917,  Proceedings. 
t  Chapel  Hill,  N.  C. 
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Mr.  wise  measure  the  pull  for  each  weight  in  turn,  corresponding  to 
'^'°"  ''impending  motion";  meaning  by  that  term,  that  no  actual  sliding 
occurs,  but  that  any  increase  in  the  pull,  however  small,  would  cause 
actual  motion.  If  this  had  been  done,  the  actual  values  of  the  coeffi- 
cients of  friction  and  cohesion  could  have  been  ascertained  and  used 
in  the  analysis.  As  the  pulls  were  only  recorded  when  the  box  con- 
taining the  clay  was  in  actual  motion,  the  results  give  neither  the 
friction  coefficient  alone  nor  the  combined  full  cohesion  and  friction, 
such  as  would  be  actually  exerted  near  the  foundation  of  a  stable 
dam,  or  perhaps  on  some  lower  plane  or  curved  surface. 

The  results  refer  only  to  a  combined  friction  and  cohesion  ('"ad- 
hesion", as  the  author  characterizes  it,  for  this  case),  when  the  box 
was  in  motion.  The  numerical  values  of  the  "coefficients"  in  Table  2 
are  so  much  larger  than  the  coefficients  of  friction  of  various  clays, 
as  given  by  Bell,  as  quoted  in  Table  7,  that  evidently  a  very  appreciable 
amount  of  cohesion  ("adhesion")  was  exerted  during  the  motion.  This 
negatives  the  idea,  suggested  by  the  writer  in  a  previous  paper,  that, 
after  motion  began,  possibly  all  cohesion  was  destroyed,  so  that  only 
friction  remained  to  resist  the  pull.  Evidently,  from  the  results, 
although  a  large  part  of  the  full  cohesion  of  the  solid  clay  was  not 
exerted  during  the  motion,  still  an  appreciable  part  of  cohesion  in 
addition  to  the  friction  was  exerted  during  the  actual  sliding  of  clay 
on  clay. 

Coulomb's  laws,  concerning  "impending"  sliding  of  earth  on  earth, 
are  symbolized  in  the  equation: 

Q  =  f  P„  +  c  A (1) 

where  Q  =  the   total   resistance   to   sliding   in   the   plane   of   shear,   in 
pounds ; 
/  =  the  coefficient  of  friction ; 

c  =  the  cohesion  in  the  plane  of  shear,  in  pounds  per  square 
foot; 
P„  =  the  normal  pressure  in  the  plane  of  shear,  in  pounds ; 
A  =  the  area,  in  square  feet,  of  the  plane  where  shear  is  im- 
pending. 

Also,  if  <^  =  the  angle  of  friction,  then  /  =  tan.  <^. 

Table  7  gives  experimental  values  of  /,  </>,  and  c,  quoted  from  the 
writer's  paper  on  "Cohesion  in  Earth"*,  the  first  five  values  being 
from  Bell,  the  last  two  from  Jacquinot  and  Frontard. 

The  sand-clay,  referred  to  in  Table  7  was  taken  from  a  well-rolled 
dam,  made  of  the  best  materials,  its  comjoosition  being  60%  clay, 
32%  silica  as  an  impalpable  dust,  and  8%  silicious  sand. 

Mr.  Scheidenhelm's  Table  4  furnishes  the  figures  given  in  Table  8. 

»  Transactions,  Am.  Soc.  C.  E.,  Vol.  L.XXX,  1916,  pp.  1322,  1333. 
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TABLE  7. 


Mr. 
Cain. 


Character  of  earth. 


Very  soft  piiddle  clay,  virgin  state. 

Soft  puddle  clay,  virgin  state 

Moderately  fiim  clay,  virgin  state.  - 

Stiff  clay,  virgin  state 

Very  stiff  boulder  clay,  virgin  state 

Sand-clay,  very  humid,  kneaded 

Sand-clay,  damp,  virgin  state 


/  =  tan.  <ii. 
coefficient 
of  friction. 


0.000 
0.0.52 
0.087 
0.123 
0.287 
0.145 
0.187 


0° 

3° 

5° 

7° 
16» 

8°15' 
10°35' 


C, 

coefficient  of 

cohesion,  in 

pounds  per 

square  foot. 


450 

670 

1  120 

1570 

3  580 

385 

443 


TABLE  8. 


Character  of  soil. 


White  clay 

Black  gumbo 

Black  loam 

Sandy  yellow  clay 

Average 


Shearing 

value,  in 

pounds  per 

square  inch  of 

initial  areas. 


12.1 

26.6 

20.7 

26.0 

22.8 

9.6 

16.1 

16.0 

4.6 

2.7 


c, 

coeflBcient  of 

cohesion,  in 

pounds  per 

square  foot. 


1742 
3  830 

2  981 

3  744 
3  283 
1382 
2  318 
2  304 

662 


15.7 


2  260 


Since,  in  the  author's  experiments  on  the  direct  shearing  of  clay,  the 
normal  pressure,  P„,  on  the  initial  area  was  zero,  it  is  seen,  from 
Equation  (1),  that  the  last  two  columns  give  the  coefficient  of  cohesion, 
c,  in  pounds  per  square  inch  and  pounds  per  square  foot,  respectively. 

It  is  seen,  also,  that  the  values  of  c  compare  very  well  with  some 
of  those  in  Table  7.  Possibly,  if  the  values  of  <^  had  been  determined 
from  appropriate  experiments,  they  would  also  have  compared  favor- 
ably with  the  previous  determinations. 

It  is  important  to  observe  that  the  time  element  affects  all  results 
very  appreciably.  Thus,  Collin,  in  1846,  found  that  the  resistance 
to  shear  in  clay  produced  in  from  12  to  15  min.  was  only  one-third 
or  one-fourth  of  that  produced  in  from  12  to  15  sec.  Bell  states  that 
all  his  tests  were  of  considerable  duration.  This  matter  needs  special 
attention  by  experimenters.  As  the  author  states  that  "the  effect  of 
the  length  of  time  of  application  of  a  given  shearing  load  was  not 
investigated,"  it  is  probable  that  the  values  of  c,  as  given  in  Table  8, 
are  all  too  large. 
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Mr.  If  certain  values  are  assumed  for  <j),  from  Bell's  experiments  on 

^'°'  clays  as   roughly   applicable  to   the  author's   experiments   relating   to 

the  resistance  of  clay  on  clay  when  in  motion,  a  rude  surmise  may 

be  made  of  the  corresponding  value  of  c  for  cohesion  of  motion. 

Thus,  for  "white  clay,  fine-grained,  wet",  assume  <^  ==  6° ;  then, 

from  Table  2,  let  P„  =  200  lb.  and  Q  =>  0.34  P„  =  68  lb.     With 

regard  to  A,  the  author  says,  "ordinarily,  more  than  J  sq.  ft.  of  the 

material  under  test  was  actually  in  contact."     As  definite  information 

is  lacking,   it   can   only  be   assumed  that  4    =   J   sq.   ft.;   hence  by 

Equation  (1),  ^        ^^^  1 

^  ^  ^'  68  =  200  tan.  cp -{-      c, 

or,  for  <!>  =  6°,  assumed,  tan.  ^  =  0.105.  Therefore,  c  =  141  lb.  per 
sq.  ft.  For  the  same  "white  clay,  moist",  from  Table  2,  if  P„  =  200  lb., 
as  an  average,  Q  =  0.42  P„  =  84  lb.  Therefore,  for  </>  ==  6°  (as  before) 
and  A  =  h  sq.  ft.,  by  Equation  (1),  it  is  found  that  c  =  190  lb. 
per  sq.  ft. 

Again,  for  "yellow  clay  containing  some  grit,  fairly  wet'',  assume 
<f>  =  12°  (tan.  <^  =  0.213),  P„  =  200  lb.  Therefore,  by  Table  2,  as 
an  average,  Q  =  0.68  P„  =  136.  Taking  ^  =  J  sq.  ft.,  by  Equation 
(1),  c  =  280  lb.  per  sq.  ft.  Although  the  values  of  A  and  (/>  assumed 
are  doubtless  incorrect,  the  roughly  approximate  values  of  c,  as  com- 
puted, are  instructive  as  showing  a  very  appreciable  cohesion,  even 
when  the  upper  layer  of  clay  is  in  motion. 

The  author  gives,  on  p.  212,*  for  certain  conditions  pertaining  to 
the  original  dam  before  failure,  the  horizontal  water  pressure  = 
1  013  600  lb. ;  weight  of  dam  and  water  over  it  =  2  030  400  lb. ;  both 
for  a  15-ft.  bay.    If  the  base  is  52  ft.  wide,  A  =  52  X  15  =  780  sq.  ft. 

Consequently,  assuming  the  low  value,  c  =  660  lb.  per  sq.  ft.  (say, 
for  the  yellow  clay)  and  ^  =  12°  (tan.  cf>  =  0.213),  on  substituting 
in  Equation  (1),  we  find, 

g  =  2  030  400  X  0.213  +  780  X  660  =  947  300  lb., 
which  is  but  little  below  the  water  pressure  tending  to  cause  sliding. 
In  fact,  the  resistance  to  sliding  is  exactly  equal  to  the  water  pressure 
for  (^  =  13°  50',  which  is  a  possible  value. 

This  computation  involves  the  assumption  that  there  exists  a  co- 
hesion between  the  concrete  and  clay  at  the  foundation,  of  660  lb.  per 
sq.  ft.,  and  the  fact  that  the  dam  stood  renders  the  assumption  proba- 
ble. No  illustration  can  be  given  that  more  forcibly  points  to  the  need 
of  "comprehensive  experimentation"  to  determine  the  coefficients  of 
cohesion  and  friction,  not  only  for  earth  on  earth,  but  likewise  for 
concrete  or  other  masonry  on  earth;  for  here  is  a  dam  that  stood, 
which  presumably  should  have  failed  if  no  cohesion  was  exerted  at  the 
base.     This   supposed   cohesion   that  engineers    (the   writer  included) 

*  Proceedings,  Am.  Soc.  C.  E.,  February,  1917. 
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have  hitherto  ignored,  in  computations  affecting  the  sliding  of  dams   Mr. 
and  retaining  walls,  is  probably  a  vital  element  concerning  stability,  ^*'°' 
and  it  doubtless  has  saved  many  walls  from  destruction  by  furnishing 
an  additional  resistance  to  sliding  over  that  due  to  friction  alone. 

The  argument  that  the  resistance  to  sliding  can  be  computed  in 
terms  of  a  friction  coefficient  alone,  supposed  to  allow  for  the  com- 
bined cohesion  and  true  friction,  is  untenable,  as  the  writer  has  con- 
clusively shown.*  The  error  can  likewise  be  realized  by  a  numerical 
example.       Thus,    on    dividing    Equation     (1)     by    A,    and    putting 

Q  P 

a    =    —  =  unit   total    resistance    to    slidinf;,  and   p„   =:   — ^  =    unit 
A  '-  ^  A 

normal'  pressure,  we  have, 

Q  =  f  Pn  +  c ~ (2) 

From  Table  8,  the  lowest  value  of  c,  for  the  "sandy  yellow  clay''  is 
389,  say  400,  lb.  per  sq.  ft.  On  arbitrarily  assuming  (f>  =  12°  or 
/  =  tan.  (f)  =  0.213,  Equation  (2)  reduces  to, 

q  =  0.213  Pn  +  400. 

Now,  if  it  is  assumed  that  a  friction  coefficient,  /  =  — ,  with  c  =  0, 

h 

can  sufficiently  represent  the  value  of  q,  which  denote  by  q',  we  have, 
from  Equation  (2), 

It  will  be  found,  for  p„  =  3  333  lb.  per  sq.  ft.,  that  q  =^  q' ;  but,  for 
p„  <  3  333,  q'  <  q;  whereas  for  p„  >  3  333,  q'  >  q. 

Thus,  for  p„  =  1  000  lb.  per  sq.  ft.,  q'  =  333,  q  =  613  lb.  per  sq.  ft. ; 
but  when  p„  =  6  000  lb.  per  sq.  ft.,  then  q'  =  2  000  and  g  =  1  678  lb. 
per  sq.  ft. 

The  differences  would  be  much  more  marked  had  large  values  of  c 
been  taken,  corresponding  to  the  "white  clay"  or  "gumbo.''  As  to  the 
value  (j)  =  12°,  arbitrarily  assumed,  it  seems  probable,  from  the  experi- 
mental values  of  Bell,  given  in  Table  7,  that  <^  lies  somewhere  between 
7°  and  16°,  and  thus  an  average  was  taken  as  a  probable  value.  Like- 
wise, from  the  author's  Table  2,  the  yellow  clay  shows  a  high,  com- 
parative value  of  the  "coefficient  of  frictional  resistance",  including 
"adhesion",  so  that,  possibly,  ^  should  lie  nearer  to  16°  than  7°,  and 
12°  is  possibly  a  little  below  the  true  value. 

In  connection  with  the  foregoing  values  of  p„,  it  is  of  interest  to 

know  that,  ignoring  the  cut-off  wall  and  taking  the  area  of  the  base 

of  the  dam  as  52  X  15  sq.  ft.  for  one  15-ft.  bay,  the  average  unit 

2  030  400 

pressure  on  the  foundation  of  the  old  dam  is, —  =  2  600   lb. 

'   52  X  15 

*  "Cohesion  in  Earth",  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX,  pp.  1332-1.334. 
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Mr.  per  sq.  ft.;  also,  if  the  earth  below  it  weighs  100  lb.  per  cu.  ft.,  the 
■  unit  pressure  at  15  ft.  below  the  foundation  (at  the  bottom  of  the 
''anchoring  wall",  or  at  the  level,  A  B,  of  Plate  V),  amounts  to  4100 
lb.  per  sq.  ft.  The  Values  of  q  and  q' ,  as  found  from  the  foregoing 
equations,  do  not  differ  greatly  for  these  values,  2  600  and  4  100  for 
Pn,  but  this  is  only  due  to  the  particular  values  of  /  and  <^  assumed. 

It  is  not  pretended  that  these  are  near  the  true  values,  as  the  com- 
putation was  simply  made  to  show  what  differences  might  occur  by  the 
two  methods  of  estimating  the  resistance  to  sliding,  and  that  the  value 
of  Pn,  at  the  foundation  or  below  it,  is  an  important  factor  in  the 
computation. 

Although  the  data  as  to  c  and  ^  are  "not  sufficient  in  number  and 
reliability"  to  lead  to  an  exact  determination  of  the  passive  resistance 
to  sliding  of  this  dam,  by  the  theory  of  coherent  earth,  nevertheless, 
some  interesting  conclusions  can  be  drawn,  by  finding,  by  this  theory, 
probable  values  of  c  and  <^,  necessary  to  the  stability  of  the  dam  for 
each  case  of  loading  given  by  the  author  on  pages  210-211. 

It  is  very  possible,  as  new  experimental  determinations  come  in, 

that    surprises   as    to    the   true   laws   affecting   friction    and    cohesion 

await  us  in  the  future,  but,  as  far  as  the  experiments  go,  Coulomb's 

•  two  laws  have  been  verified,  and  they  will  be  made  the  basis  of  the 

following  computations. 

In  the  belief  that  the  new  method  will  prove  of  service,  the  analysis 
will  be  given  in  full  for  future  reference,  for  immediate  use  by  engi- 
neers who  will  determine  experimentally  the  coefficients,  c  and  /,  for 
any  soil  in  question. 

The  computation  will  refer  to  the  revised  section  of  the  dam, 
Plate  V,  but  the  cut-off  wall  will  be  ignored  (which  is  on  the  side  of 
safety),  and  the  width  of  foundation  (as  estimated  conservatively 
from  the  drawing)  will  be  taken  as  52  ft. 

Thus,  in  Fig.  28,  the  width  of  foundation  of  the  dam,  D  E  =  52 
ft. ;  the  anchoring  wall,  or  arm,  extends  from  D  to  A,  15  ft.,  the  wall 
being  just  to  the  left  of  AD.  The  toe- wall  extends  downward  from 
E  to  I,  8  ft.  T(f  the.  right  of  this  is  earth,  with  the  free  surface, 
E  F  M  N. 

The  analysis  will  proceed  along  the  lines  outlined  by  the  author, 
but  cohesion  will  be  included  and  the  resistance  to  sliding  along  I J 
or  B  C  will  be  ignored.  The  problem  then  consists  of  finding  the 
horizontal  component  of  the  resistance  to  sliding  along  planes  such 
as  A  7  and  J  N  or  along  A  B  and  C  L.  Assuming  the  earth  to  weigh 
100  lb.  per  cu.  ft.,  the  weight  of  earth,  AIE  D,  is  59  800  lb.,  which, 
added  to  the  weight  of  the  dam  and  of  the  water  on  the  deck, 
2  239  400  -^  15  =  149  293  lb.  per  lin.  ft.  of  dam  crest,  gives  the  weight 
on  .4  7  =  209  000  lb.     Denote  this  weight  by  G,  the  length,  A  I,  by  I, 
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and  its  incliuation  to  the  horizontal  by  a.     li  N  =  a  e  is  the  normal    Mr. 
reaction  of  the  plane,  A  I  (making  the  angle,  a,  with  the  vertical),  then 
the  resistance  along  the  plane,  acting  to  the  left,  to  a  horizontal  force, 
E,  tending  to  cause  sliding  along  A  I  to  the  right,  is  c  Z  +  iV  /.     The 
friction  component  is  N  f  =  de  and  this,  combined  with  N  =  ea, 

gives  a  resultant,  da,  making  the  angle,  <f),  with  the  normal  ae,  since 
/  =  tan.  <^. 

Hence,  if  we  lay  off,  to  scale,  ah  =  G,  then  draw  hg  =  cl  parallel 
to  I  A;  from  g,  draw  a  horizontal,  gd,  to  the  intersection,  d,  with  the 
line  from  a,  making  the  angle,  <^,  above  the  normal  ae,  then  gd  =  E, 
which   is   equal   and   opposed  to   the   horizontal  passive  resistance  to 


g       a        E    h     ^  ^^ 

F^G.   28. 

impending  sliding  up  the  plane,  A  I.  This  follows  because  the  polygon 
of  forces,  ah  gda  or  ah  g  de  a,  is  a  closed  polygon,  where,  ah  =  G, 
hg  =  cl,  gd  =  E,  de  =  N f,  ea  =  N,  represent  all  the  forces  acting 
on  the  mass  of  earth,  A  I E  D. 

E  can  be  found  from  the  diagram  or  from  an  equation  easily 
deduced. 

Thus,  E  =  gh  -{-  hd 

=  c  I  cos.  a:  +  (G  -{-  cl  sin.  a)  tan.  (a  -}-  cf>). 

E  =  c.AB  +  (G-\-  c.B  I)  tan.  (a -\- cf>) (3) 

It  is  evident  from  this  equation,*  regarding  G  as  the  load  on  A  I 
for  any  position  oi  A  I  between  the  one  shown  in  the  figure  and  A  B, 
that  E  diminishes  with  a  and  is  least  for  a:  =  0,  or  along  A  B. 

*  On  putting  (ff  +  c  .  B  I)  in  form  ^227  000  +  4  B  tan.  <l  (c ^))'   ^'^^   weight 

of  dam,  water  over  it.  and  earth,  ABED,  being  237  000  lb. 
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Mr.  Jfow,  to  be  conservative,  take  cf>  =  12°  and  c  =  300  lb.  per  sq.  ft., 

"  which  is  less  than  the  smallest  value  (389  lb.  per  sq.  ft.)  given  in  Table 
8  for  the  "yellow,  sandy  clay",  and  far  less  than  the  average,  c  =  2  260 
lb.  per  sq.  ft.  In  fact,  it  is  only  slightly  greater  than  the  value  (280) 
found  for  the  yellow  clay  in  motion.  On  substituting  numerical 
values,  A  B  =  52,  B  I  =  7,  a  =  1°  30',  </>  =  12°,  c  =  300,  in  Equa- 
tion (3),  we  derive  the  resistance,  exerted  horizontally,  to  impending 
sliding  up  the  plane,  A  I, 

E  =  90  300  lb. 

To  find  the  similar  resistance  to  sliding  along  the  horizontal  plane, 
A  B,  first  find  the  weight  of  earth,  AB  E  D  =  7%0QQ  lb.,  and  add  to 
149  000  to  get  the  G  corresponding,  G  =  227  000  lb.  Then,  making 
a  =  0  in  Equation  (3),  or  using  Equation  (1),  we  find  the  resistance 
to  sliding  along  the  plane,  A  B, 

E  =  227  000  tan.  12°  +  300  X  52  =  64  000  lb. 

If  we  assume  the  coefficients,  c  and  f,  the  same  along  D  E  (for 
concrete  on  earth)  as  above,  or  c  =  300  lb.  per  sq.  ft.,  </>  =  12°,  we 
find  the  resistance  to  sliding  along  D  E  to  be, 

149  000  X  0.213  +  300  X  52  =  47  000  lb. 

If  it  is  recalled  that  it  was  found  above,  that  the  stability  of  the 
old  dam  was  possible  when  c  =  660  lb.  per  sq.  ft.,  </>==:  13°  50',  then 
the  values,  c  and  ^,  assumed  along  D  E,  appear  to  be  conservative. 

The  horizontal  component  of  the  water  pressure  per  foot  of  length 
of  crest  is  1  218  200  ^  15  =  81  000  lb.  Of  this,  47  000  lb.  is  carried 
by  the  earth  directly  down  to  the  planes,  A  I  or  A  B,  the  remainder, 
34  000  lb.,  being  carried  to  the  anchoring  arm  along  A  D,  by  which  it 
is  finally  transmitted  to  the  earth  to  the  right  of  A  D.  The  average 
pressure  on  the  earth  along  A  D  is  34  000  -f-  15  =  2  267  lb.  per  sq.  ft., 
which  is  perhaps  not  so  great  as  to  cause  flow,  though  the  exact  dis- 
tribution of  stress  along  A  D  i?,  unknown. 

It  is  well,  however,  to  enquire  if  this  pressure  of  the  arm,  A  D, 
may  not  cause  sliding  of  the  earth  up  some  plane  through  A,  shown 
by  the  dotted  line.  Hence  the  passive  resistance  of  the  earth  to  sliding 
up  such  a  plane  will  next  be  investigated.  Assuming  that  the  reaction 
of  the  anchoring  wall  on  A  D  is  horizontal,  the  unit  horizontal  passive 
resistance,  a,  of  the  earth  at  any  point  oi  A  D  can  be  found  from  the 
equation,* 

a  —  h  tan.2  ^5°  +  "^  W  2  c  tan.  (^45°  +  M  , 

where 'b  =  the  weight,  in  pounds  per  square  foot,  acting  on  a  horizontal 

plane  at  the  point  considered.     As  the  distribution  of  stress  on  D  E  is 

*  Cain's  "Earth  Pressure",  p.  192. 
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not  given,  assume  it  to  be  uniform,  so  that  at  B,  h  =  149  300  -^-  52  =   Mr. 
2  870  lb.  per  sq.  ft.;  and  at  ^,  &  =  2  870  +  15  X  100  =  4  370  lb.  per  ^^'°- 
sq.  ft.     Hence,  taking,  as  before,  <^  =  12°,  c  =  300  lb.  per  sq.  ft.,  the 
equation  gives  the  unit  passive  resistance,  acting  horizontally  to.  the  left, 

at  D:  5  120  lb.  per  sq.  ft. ; 

at  A:  7  400  lb.  per  sq.  ft. 

As  the  flow  of  the  earth  is  supposed  to  ocq^r  at  4  000  lb.  per  sq.  ft., 

it  is  seen  that  sliding  up  the  dotted  plane  will  not  occur  when  the    ' 

maximum  permissible  stress  on  AD  is  taken  at  4  000  lb.  per  sq.  ft.,  as 

given  by  the  author.     If  the  permissible  value  to   prevent  flow  had 

been  assumed  to  be  greater  than  7  400  lb.  per  sq.  ft.,  then  the  maximum 

imit  compression  at  A  must  be  taken  at  7  400  lb.  per  sq.  ft.  or  less ; 

otherwise  the  earth  at  A  would  tend  to  slide  up  the  dotted  plane,  which 

0 
makes  an  angle,  45°  H ^  51°.  with  the  vertical. 

It  now  remains  to  compute  the  passive  resistance,  exerted  on  F  J 
or  F  C,  of  the  earth  to  sliding  up  the  proper  planes  of  rupture,  J  JS[  or 
C  L,  corresponding.  The  graphical  construction  for  effecting  this  will 
be  given  presently;  but,  to  complete  the  present  investigation,  the 
result  may  be  anticipated  that  the  passive  resistance  on  either  F  J  or 
F  C  exceeds  the  safe  compressive  stress  of  the  earth,  so  that  the  latter 
will  limit  the  available  resistance.  The  unit  passive  resistance  at  the 
free  surface  is  not  zero,  but  a  very  appreciable  quantity,  as  will  be 
shown  eventually,  and  reasons  will  be  given  why  an  average  pressure 
on  F  J  or  F  C  oi  S  000  lb.  per  sq.  ft.  can  be  allowed  without  fear  of  the 
compressive  strength  of  the  earth  being  exceeded,  or  flow  being  im- 
minent. Thus,  the  total  compression,  acting  horizontally,  that  will  be 
allowed  on  F  J,  9  ft.  in  depth,  is, 

3  000  X  9  =  27  000  lb., 
and  on  F  C,  16  ft.  in  depth, 

3  000  X  16  =  48  000  lb. 

It  has  been  shown  previously,  omitting  any  resistances  along  I  J 
and  B  G ,  that  the  horizontal  component  of  the  resistance  to  sliding 
along  4  C  is  64  000  lb.,  and  along  A  J,  90  000  lb. ;  hence  the  total 
horizontal  component  of  the  resistance, 

along  A  C  and  C  F  =  64  000  +  48  000  =  112  000  lb. 
and  along  A  J  and  J  i*^  =  90  000  +  27  000  =  117  000  lb. 
Both  of  these  totals  exceed  the  horizontal  component  of  the  water 
pressure,  81  000  lb. ;  so  that,  if  the  assumed  values  of,  c  =  300  lb. 
per  sq.  ft.  and  <^  =  12°,  are  safe  values,  the  dam  is  secure  against  slid- 
ing, for  the  conditions  assumed,  along  the  planes  taken.  The  con- 
clusion will  not  be  altered  if  any  plane  intermediate  between  A  J  and 
.4  C  is  taken  in  place  of  either  of  these  planes.     From  what  precedes, 
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Mr.  it  seems  that  c  =  300  lb.  per  sq.  ft.  is  a  safe  value,  but  there  is  uncer- 
^'°'  tainty  as  to  the  value  of  ^.  If  we  assume  <^  =  4°  23'  (tan.  ^  = 
0.0767  =  /),  it  will  be  found  that,  using  c  =  300,  as  before,  the 
horizontal  component  of  the  water  pressure  is  exactly  equal  to  the 
resistance  exerted  along  A  C  and  C  F.  For  a  less  value  of  (/>,  sliding 
would  occur.  From  Table  7.  the  value  <^  =  4°  23'  is  seen  to  be  a  barely 
possible  one,  though  the  probable  value  is  greater;  hence,  with  the 
incomplete  data  as  to  c  and  ^,  it  can  only  be  asserted,  for  the  loading 
of  the  author's  Case  I,  that  this  investigation  shows  that  the  dam  is 
most  probably  safe  against  sliding.  The  investigation  for  the  loading 
under  Case  II,  or  "under  the  most  severe  conditions  within  limits  of 
reason",  page  211,  is  exactly  similar  to  the  foregoing,  so  that  only 
results  will  be  given. 

The  uplift  water  pressure  was  subtracted  from  the  former  load  on 
the  foundation,  giving  a  net  load,  per  foot  of  crest,  on  the  foundation 
of  90  400  lb.  Of  course,  this  uplift  pressure  must  not  be  taken  in 
addition  from  the  weights,  A  I E  D  or  ABED,  of  earth,  since,  from 
the  unit  water  pressure  (say)  just  to  the  right  of  A,  acting  upward,  is 
to  be  subtracted  the  weight  of  a  column  of  water  of  height,  A  D,  and 
horizontal  section  unity,  which  gives,  precisely,  the  uplift  at  the  level, 
D  E;  so  that  the  weight  of  earth,  A  I E  D  ov  A  B  E  D,  is  not  to  be  in- 
creased by  the  weight  of  water  above  A  I  or  A  B,  or  diminished  in  any 
way,  since  the  uplift  pressure  has  already  been  subtracted  from  the  load 
on  D  E.  The  total  horizontal  force  acting  on  the  dam,  due  to  water 
pressure  and  ice,  is  101  300  lb.  per  lin.  ft. 

By  an  investigation  similar  to  the  foregoing,  it  is  found,  for 
c  =  300  lb.  per  sq.  ft.,  <^  =  12°  and  the  compression  on  C  F  limited 
to  3  000  lb.  per  sq.  ft.,  that  the  total  horizontal  resistance  along  A  C 
and  C  F  amounts  to  99  400  lb.,  and  along  A  J  and  J  i^  to  96  500  lb. 
However,  for  c  =  388  lb.  per  sq.  ft.,  <^  =  12°,  the  least  resistance  is 
equal  to  the  water  and  ice  pressure,  101  300  lb. ;  so  that  the  dam  is 
secure  against  sliding  for  either  Case  I  or  Case  II,  if  c  =  390  lb.  per 
sq.  ft.  and  <^  =  12°. 

It  is  interesting  to  know  the  amount  of  security  when  c  =  660  lb. 
per  sq.  ft.,  (j>  =  12°.  It  is  found,  for  these  values,  that  the  horizontal 
resistance  exerted  along  A  B  and  C  F  amounts  to  118  000  lb.,  and 
along  A  I  and  J  F,  to  116  000  lb.  The  latter  value  exceeds  the  water 
and  ice  pressure  by  15  per  cent.  Since  it  was  found  above  that  the 
old  dam  was  just  stable  for  c  =  660  lb.  per  sq.  ft.,  ^  =  13°  50',  the 
values  assumed,  c  =  660,  (f>  =  12°,  seem  to  be  not  unreasonable. 
Again,  for  c  =  660,  <^  =  12°,  the  horizontal  resistance  to  sliding  along 
the  foundation  is,  for  Case  II,  90  400  X  0.243  +  660  X  52  =  53  600 
lb. ;  hence  the  anchoring  wall  at  A  D  carries, 

101  300  —  53  600  =  47  700  lb. 
or,  47  700  -^  15  =  3  180  lb.  per  sq.  ft.,  average  pressure. 
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As  stated  above,  the  resistance  along  BC  (5  ft.  in  length),  as  well    Mr. 
as  that  along  IJ,  was  neglected,  there  being  but  little  weight  over  parts 
of  these  surfaces;  also,  the  cut-off  wall  was  omitted,  or  it  was  sup- 
posed to  be  cracked  at  A.    There  is  evidently  some  resistance  from  the 
omitted  portions.  ' 

It  must  be  distinctly  understood  that,  although  probable  values 
for  c  and  /  for  Cases  I  and  11,  have  been  found  above,  it  is  not  asserted 
that  these  are  the  real  values  exerted.  More  extended  experimental 
data  as  to  these  coefficients  are  required  before  definite  results  can  be 
predicted. 

It  remains  to  find  the  passive  resistance  of  the  earth  to  the  right  of 
C  P  or  J  F  to  sliding  up  some  plane,  as  0  L  or  J  N.  Although  the  as- 
sumption of  a  plane  surface  of  rupture,  as  A  B  or  A  I,  for  the  earth 
under  the  dam,  is  doubtless  near  the  truth,  the  same  cannot  be  said  for 
the  earth  below  the  dam,  of  the  irregular  free  surface,  F  M  L.  Theory 
shows  that,  except  when  the  free  surface  is  level,  the  surface  of  rupture 
is  curved;  so  that  when  it  is,  of  necessity,  assumed  to  be  plane,  in  the 
graphical  construction  that  follows,  the  results  must  be  treated  as  only 
an  approximation  to  the  truth,  and  a  factor  of  safety  must  be  used. 
Here,  again,  no  experiments  as  to  passive  resistance  have  been  made, 
so  that  we  are  absolutely  in  the  dark  as  to  the  true  surface  of  rupture 
and  the  resulting  passive  thrust. 

The  graphical  construction  alluded  to  is  given  in  Fig.  29,  where 
A  5  =  16  ft..  B  g  =  !!.?>  ft.,  and  ^=  11.5  it.;  A  B  (=0  F  oi  Fig.  28) 
being  vertical  and  0  5  i^=  M  L  of  Fig.  28)  being  horizontal.  It  is 
desired  to  know  the  least  force,  acting  horizontally  to  the  right  on 
A  B,  that  will  cause  sliding  up  some  plane  of  rupture  A  4.  Draw 
a  number  of  trial  planes  of  rupture,  A  0,  A  1,  .  .  .,  and  draw  A  a 
horizontal.  Then,  with  A  and  some  point,  g,  on  the  vertical,  A  B, 
produced,  as  centers,  and  with  the  same  radius,  A  g,  describe  two 
arcs  of  circles,  a  a^  and  A  s  s^.  Assuming  <^  =  12°,  lay  oS  A  g  s  = 
(jj  =  12"  and,  with  dividers,  lay  off  the  chord,  s  s^  =  the  chord,  a  a^, 
the  chord,  s  s^,  =  the  chord,  a  a^,  etc.,  hence  we  have  the  equality  of  the 
angles,  s  g  s^  =^  a  A  a^,  s  g  s.^,  =  a  A  a^,  s  g  s^  =  a  A  a^,  etc.  Then 
g  Sq,  g  s^,  g  s.^,  .  .  .  ,  make  the  angles,  cj>,  above  the  normals  to  the 
planes,  A  0,  A  1,  A  2,  .  .  .  ,  respectively.  This  is  easily  seen  by  re- 
ferring to  the  force  diagram  of  Fig.  28,  in  which  it  is  observed  that 
a  d  makes  the  angle,  <J3  -\-  a,  with  the  vertical.  Similarly,  in  Fig.  29, 
if  (say),  the  angle  a  A  4:  =  a,  then  A  g  s^  =  cj)  -j-  a,  since  we  laid  off 
s  g  s^  =  a  A  a^=^  a;  hence,  as  in  the  case  of  a  cZ  in  Fig.  28,  g  s^  makes 
the  angle,  (f>,  above  the  normal  to  the  plane,  A  4.  It  is  convenient  here 
to  lay  off  the  angle  <f>  =  A  g  s  first,  and  then  lay  off  the  successive 
a's  above  g  s. 

Let  it  be  assumed  that  the  earth  weighs  100  lb,  per  cu.  ft.  and  that 
the  coefficient  of  cohesion  is  c  =  300  lb.  per  sq.  ft. 
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Mr. 
Cain. 


The  next  step  is  to  compute  the  weight  of  the  successive  trial  prisms 
of  rupture,  A  B  0,  A  B  01,  A  B  02,  .  .  .  ,  and  lay  off  to  scale  on  the 
vertical,  g  A,  g  g^,  g  g^,  g  g^,  .  .  .  ,  to  represent  these  successive 
weights.  If,  on  the  horizontal,  g  0  A,  we  construct  01  =  12  =  2  3,  .  .  ., 
the  triangles,  A  0  1,  A  12,  .  .  .  ,  are  all  equal  in  area,  so  that  the 
total  areas  can  be  computed  quickly  by  successive  additions.  The  thick- 
ness of  the  prisms  perpendicular  to  the  plane  of  the  paper  is  assumed 
as  unity,  so  that  areas  and  volumes  are  represented  by  the  same 
numbers. 


Fig.   29. 

We  next  measure  the  lengths,  A  0,  A  1,  A  2,  .  .  .  ,  to  the  scale  of 
distance,  and  multiply  the  lengths,  in  feet^  by  c  =  300,  to  find  the  suc- 
cessive cohesive  forces  acting  downward  (opposed  to  impending  mo- 
tion) along  the  planes,  A  0,  A  1,  .  .  .  ,  respectively.  Lay  off,  to  the 
scale  of  loads,  g^  n^,,  g^  n^,  .  .  .,  parallel,  respectively,  to  A  0,  A  1, 
.  .  .  ,  and  equal  to  the  cohesive  forces  acting  along  these  planes. 
From  n-Q,  Ji^,  .  .  .,  draw  horizontals  to  intersections,  c^,  c^,  .  .  ., 
with  gs^,  gs^,  .  .  .;  then  the  smallest  of  the  lengths,  n  c,  to  the 
scale  of  loads,  will  give  the  passive  earth  thrust  on  A  B.  In  this  figure, 
n,  c.  is  the  shortest  of  the  lines,  n  c,  and  it  measures  to  the  scale  of 

4       4  ^  ' 

loads,  69  300  lb.,  which  is  the  passive  thrust  required,  and  4  4  is  the 
corresponding  plane  of  rupture.  The  method,  just  outlined,  consists 
in  treating  in  turn,  A  BO,  A  B  01,  .  .  .  ,  as  trial  prisms  of  rupture 
and  constructing  the  successive  polygons  of  forces,  g  g^  n^  c^  g,  g  g-^ 
n    c,  g,    .    .    .,  similar  to  the  polygon,  a  h  g  d  a,  oi  Fig.  28.     The  poly- 
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gon,  g  g^  n^  c^  g,  is  found  to  have  the  least  value  of  the  thrust,  n^  c^,  Mr. 
hence  motion  is  impending  for  this  thrust  on  A  B,  only  along  the  plane 
A  4,  since  a  greater  thrust  on  A  B,  acting  from  left  to  right,  is  required 
to  cause  impending  motion  up  the  other  trial  planes  of  rupture.  The 
forces  in  equilibrium  acting  on  the  true  and  only  prism  of  rupture, 
.A  5  0  4,  are,  to  scale,  g  g^  =^  weight,  in  pounds,  oi  A  B  0  4,  g^  c^  = 
cohesion  on  A  4,  acting  down  and  parallel  to  A  4,  n^  c^  =  thrust  on 
A  B,  c^  g  =^  resultant  of  N  and  N  tan.  <^,  where  N  =  normal  reaction 
of  the  plane,  A  4,  and  N  tan.  ^  is  the  friction  acting  down  (opposed 
to  impending  motion)  along  the  plane,  A  4.  The  resultant  of  N  and  N 
.tan.  <^,  thus  makes  the  angle,  </>,  above  the  normal  to  A  4,  as  constructed 
in  the  beginning. 

For  the  thrust,  n^  c  ^,  on  A  B,  acting  from  left  to  right,  motion  is 
impending  not  only  along  the  plane,  A  4,  but  upward  along  the  plane, 
A  B;  hence,  strictly,  cohesion  and  friction  are  exerted  downward  on 
the  plane,  A  B.  Neglecting  the  cohesion,  this  would  require  that  the 
lines  of  the  type,  n  c,  should  be  inclined  below  the  normal  to  A  B,  or 
below  the  horizontal,  at  the  angle,  <^.  Hence  intersections,  as  c^,  will 
move  down  the  corresponding  g  s^,  so  that  n^  c^  and  its  horizontal 
component  will  be  greater  than  before.  The  same  is  true  for  all  the 
trial  thrusts,  of  which  the  least  is  to  be  taken  as  the  true  one.  The 
horizontal  component  of  the  true  thrust,  thus  found,  is  greater  than 
that  found  before,  where  the  pressure  on  A  B  was  supposed  to  act 
horizontally. 

From  lack  of  any  experimental  data  concerning  passive  thrust,  it 
seems  best,  at  present,  to  take  the  smaller  thrust,  corresponding  to  a 
horizontal  pressure  on  A  B,  since  the  surface  of  rupture  is  curved  and 
the  assumption  made  that  it  is  plane  may  possibly  give  results  far 
from  the  truth.  Hence,  in  computing  the  various  values  of  the  pas- 
sive resistance  to  the  push  of  the  earth  to  the  left  of  C  F,  Fig.  28,  act- 
ing to  the  right,  the  push  or  thrust  was  taken  as  acting  horizontally, 
as  in  Fig.  29.*  For  accuracy,  other  planes,  lying  near  44,  should  be 
tested  in  order  to  ascertain  the  minimum  thrust  represented  by  a  line 
of  the  type,  n  c,  or  calculation  can  be  resorted  to.  In  fact,  Equation 
(3),  referring  to  Fig.  28,  is  directly  applicable  to  each  trial  prism  of 
rupture,  provided  G  represents  its  weight. 

*  It  may  occur  to  one  who  has  read  pages  180-181  of  the  writer's  "Earth  Pressure", 
that,  for  the  slope,  FM,  of  Fig.  28,  the  theory  pertaining  to  the  uniform  slope  of 
indefinite  extent,  may  be  applicable;  but,  since  FM  is  of  limited  extent,  and  the  push- 
ing force  exerted"  on  CF,  from  left  to  right,  does  not  act  parallel  to  FM,  the  conditions 
postulated  for  this  theory  do  not  obtain,  and  the  theory  is  inapplicable.  The  surface, 
FM  makes  an  angle,  t  =  45°,  with  the  horizontal,  and  if  it  was  of  indefinite  extent, 
below  and  above  F,  slipping  would  occur  at  a  depth,  aro=7.62  ft.,  when  <(>  =12°, 
c=  300  lb.  per  sq.  ft.  by  the  theory  alluded  to,  and  the  passive  thrust,  acting  parallel 
to  the  surface,  would  be  much  smaller  than  that  found  above.  If  FM  was  large,  say, 
100  ft.,  at  the  same  point  of  the  slope,  the  theory  might  be  approximately  applicable ; 
but,  even  then,  the  only  effect  would  be  a  readjustment  of  the  free  surface  contour  to 
a  new  surface  consistent  with  equilibrium. 
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Mr.    Thus,  in  Fig.  30,  let, 
Cam.  Q  __  ^j^g  weight  of  the  trial  prism  of  rupture  AD  MI; 

x  =  A  5  =  the  horizontal  projection  of  A  /; 

y  =  B  I  =  the  vertical  projection  oi  A  I ; 

a  =  the  angle,  B  A  I ; 

y 

whence  tan.  a  =^  — . 

X 

Then  Equation  (3)  takes  the  form, 

E  =  ex  -\-  {G  +  cy)  tan.  (a  +  <^) (4) 

By  the  use  of  this  equation,  it  is  not  necessary  to  draw  Fig.  29  at 
all,  as  the  equation  can  be  applied  to  each  trial  prism  of  rupture  in 
turn.     Thus,  for  «/>  =  12°,  c  =  300,  for  the  plane,  44,  of  Fig.  29, 


31.5',  y 


y 

27.5':    therefore  tan.   a   =  —    =    0.873;    therefore 

X 


36  700  lb. ;  whence  by 
M        I 


a  =  41°  07';  also  G  =  the  weight  of  A  5  0  3 
Equation  (4),  ^  =  69  400  lb. 

Similarly,  for  the  plane,  AZ,  x  =  26.5, 
y  --=  27.5,  whence  a  =  46°  8';  also  G  = 
weight  oi  A  B  0  d  =  29  863,  and  finally,  E 
=  69  250  lb.  For  a  trial  plane  of  rupture 
from  A  to  a  point  midway  between  Equa- 
tions (3)  and  (4),  it  is  similarly  found  that 
E  =  69  100  lb. ;  hence  this  plane  can  be  re- 
garded as  the  true  plane  of  rupture,  and  the 
thrust,  69  100  lb.  (the  least  of  the  three),  as 
very  nearly  the  true  thrust. 

The  passive  thrusts  for  all  the  cases  examined  are  as  follows  (re- 
ferring to  Fig.  28)  : 

c  =  300,  <^  =  12°,  passive  thrust  on  i^/=34  300  lb. 


Fig.   30. 


C  =  660,   </)  =  12°, 


«  FC  =  69  100  lb. 
"  FJ  =  54  800  lb. 
"    FC  =  95  000  lb. 


In  the  first  case,  N  is  to  the  left  of  M ;  for  the  other  cases,  both 
N  and  L  were  found  to  be  to  the  right  of  M.  These  thrusts  exceed  the 
compressive  strength  of  the  material  along  FJ  or  FC,  and  hence 
they  cannot  be  utilized  in  estimating  the  resistance  of  the  dam  against 
sliding,  as  previously  noted. 

It  has  been  stated  previously  that  the  unit  passive 'thrust  at  the 
free  surface  of  the  earth  was  not  zero.  To  find  approximately  its 
amount  at  the  point,  D,  let  us  find  the  thrust  on  a  vertical  plane 
extending  1  ft.  below  D^  Fig.  30,  by  repeated  use  of  Equation  (4). 
The  minimum  value  of  E  which  is  the  true  thrust,  is  found  to  be 
2  700  lb.  per  sq.  ft.     It  corresponds  to  a  =  61°,  nearly.     By  consider- 
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ation  of  the  total  thrusts  on  the  areas,  FJ  and  FC  of  Fig.  28,  it  was  Mr. 
estimated   that   the   unit   thrust   at    C   was   ahout   double   that   at   F. 
The  unit  thrust  is  not  uniformly  increasing,  but  varies  about  as  shown 
by  the  little  arrows  in  Fig.  30, 

The  unit  compression  on  FC,  Fig.  28,  can  be  supposed  to  follow 
the  same  law,  though,  for  simplicity,  it  can  be  regarded  as  uniformly 
increasing  from  a  stress  of  2  000  lb.  per  sq.  ft.  at  F  to  double  this, 
or  the  maximum  allowable,  4  000  lb.  per  sq,  ft.,  at  C.  This  gives  an 
allowable  average  stress  on  FG  of  3  000  lb.  per  sq.  ft.,  as  used  above. 

It  is  seen  from  this  investigation  that  the  author  is  warranted  in 
using  a  larger  average  safe  stress  on  FC  than  the  specified  2  000  lb. 
per  sq.  ft. 

It  may  be  observed  that,  if  the  force  tending  to  cause  sliding  of 
the  dam,  is  entirely  resisted  along  the  plane,  AB,  then  only  the  active 
pressure  of  the  earth  to  the  right  of  FC  is  exerted.  If  then,  the  resist- 
ance along  AB  is  supposed  to  diminish,  first  the  active  thrust  of  the 
mass,  CFML,  will  be  overcome  and  then  more  or  less  of  the  full  passive 
thrust  of  this  mass  will  be  exerted,  the  amount  always  being  less  than 
that  which  would  exceed  the  safe  compressive  stress  of  the  earth,  or 
would  cause  flow  of  the  material  along  CF.  Consequently,  it  does 
not  appear  that  the  passive  resistance  of  any  pile  of  earth  placed  below 
a  dam  to  help  resist  sliding  will  ever  come  into  play  unless  there  is 
a  slight  movement  of  the  dam  down  stream,  since  earth  is  not  a 
rigid  body. 

A  year  or  so  ago,  the  writer's  attention  was  called  to  the  case  of 
a  high  dam,  where  a  large  pile  of  earth  was  placed  below  and  against 
the  dam,  to  prevent  possible  sliding.  He  stated  then  that  the  coeffi- 
cients of  friction  and  cohesion  were  both  needed  to  investigate  fully 
the  extra  resistance  to  sliding  supplied  by  the  earth.  He  is  glad 
of  this  opportunity  to  offer  the  full  solution  for  such  cases.  Whatever 
the  free  surface  contour,  the  graphical  method  of  Fig.  29  offers  a  quick, 
approximate  solution,  though  it  is  well,  for  the  reasons  stated,  to  apply 
a  factor  of  safety  to  the  result,  or  otherwise  to  use  conservative 
values  of  c  and  /. 

No  better  illustration  could  be  given  of  the  need  of  ''comprehensive 
experimentation  to  determine  the  coefficients  of  friction  and  cohesion," 
than  is  afforded  by  this  constantly  recurring  problem  of  estimating 
the  resistance  to  sliding  of  dams  and  retaining  walls.  The  writer  is 
firmly  convinced  that  a  correct  solution  can  only  be  attained  by  the 
use  of  the  theory  of  coherent  earth. 

In  conclusion,  the  writer  wishes  to  state  his  appreciation  of  the 
very  thorough  and  painstaking  manner — down  to  the  minutest  details — 
in  which  the  author  has  done  the  work  of  reconstructing  the  Stony 
River  Dam. 
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Charles  E.  Gregory,*  Assoc.  M.  Am.  Soc.  C.  E. — A  paper  of  this 
kind  is  unusually  interesting,  because  it  deals  with  the  failure  of  a 
structure.  The  speaker  believes  that  one  can  always  learn  very  much 
more  from  the  failure  of  a  structure  than  from  any  discussion  of  what 
one  believes  ought  to  happen  in  accordance  with  theories. 

The  author  has  given  a  most  lucid  and  well-written  description  of 
how  he  corrected  the  mistakes  of  the  first  dam  and  has  most  ingeniously 
met  the  difficulties  of  the  problem  while  utilizing  the  portions  of  the 
old  dam  which  remained  after  the  failure. 

The  reconstruction  of  this  dam  is  an  interesting  subject,  because 
it  deals  with  a  number  of  uncertainties  pertaining  to  both  the  site  and 
the  type  of  dam,  and  uncertainties  are  always  interesting.  About  the 
only  relatively  definite  elements  in  the  whole  problem  are  the  strength 
of  concrete  and  steel.  Nearly  everything  else  is  open  to  more  or  less 
uncertainty.  Notwithstanding  this,  the  speaker  believes  all  will  admit 
that  any  large  dam  should  be  built  so  that  its  safety  cannot  be  ques- 
tioned, and  one  cannot  say  that  any  structure  is  safe  until  the  uncer- 
tainties have  been  eliminated. 

In  this  case  the  type  of  dam  and  the  site  having  been  determined, 
there  remain  a  great  number  of  very  uncertain  features  to  be  con- 
sidered. The  author  has  pointed  out  most  of  them,  and  has  told  how 
they  were  removed. 

In  any  hollow  dam,  the  uplift  is  the  great  doubtful  feature  and  the 
great  enemy  of  a  dam  of  this  type.  There  is  no  way  of  knowing  to  a 
certainty  just  what  the  uplift  pressure  is  and  how  it  is  distributed.  In 
designing  a  dam  of  this  type,  certain  assumptions  are  made  as  to  this 
pressure.  It  is  assumed  that  if  uplift  exists,  it  can  be  controlled  and 
limited  by  the  weep-holes.  Therefore,  numerous  weep-holes  are  placed 
in  the  foundation,  and  are  supposed  to  relieve  the  upward  pressure, 
and  limit  it  to  a  relatively  small  amount.  The  cut-off  wall  must  be 
•  effective,  and  must  cut  off  the  water  from  the  impounded  reservoir. 

It  is  common  experience  that  it  is  exceedingly  difficult  to  build  a 
cut-off  wall,  of  any  great  depth  and  length,  which  will  be  absolutely 
water-tight.  A  concrete  wall  of  great  length  will  shrink  and  crack,  in 
spite  of  anything  that  can  be  done  to  prevent  it.  Construction  joints 
form  weak  planes,  if  not  actual  joints.  All  these  conditions  are  favor- 
able to  leakage,  even  when  one  is  successful  in  securing  impervious 
rock  foundation.  Some  water  is  bound  to  get  through,  and  then  it  is 
bound  also  to  show  itself  under  the  bottom  of  the  dam. 

When  weep-holes  are  provided  and  are  effective,  they  will  allow  this 
water  to  escape  and  relieve  the  pressure,  but  if  they  are  not  effective, 
the  upward  pressure  will  obtain.  If  they  are  effective,  however,  the 
water  flowing  through  the  soil  under  the  bottom  of  the  dam  is  a  new 
source  of  danger. 

*  Mt.  Kisco,  N.  Y. 
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A  safe  structure  should  not  be  menaced  by  flotation  or  by  under-      Mr. 
mining.     The  flowing  water  from  the  weep-holes  is  certain  to  carry    ^^^°^^- 
with  it  more  or  less  soil,  especially  if  it  consists  of  fine,  light  grains; 
and   undermining   of   the   bottom   of   the   dam   will    gradually   occur. 
Eventually,  the  flow  will  become  greater,  heavier  grains  of  soil  will  be  , 
carried,  and  ultimately  there  will  be  sufficient  undermining  to  cause 
settlement  and  cracking,  increasing  the  upward  pressure  so  as  to  cause 
the  dam  to  overturn  or  slide. 

^Probably  this  dam  started  to  fail  by  overturning  due  to  under- 
mining. As  soon  as  the  tendency  to  overturn  developed  tension  at  the 
upper  toe  sufficient  to  open  a  joint  and  admit  the  water,  the  upward 
pressure  floated  the  whole  section  off  its  base.  The  failure  was  probably 
a  combination  of  overturning  and  sliding. 

The  speaker  has  not  made  any  check  computations  whatever  of  the 
structure,  but  from  the  author's  statement  of  the  various  forces  acting 
on  this  dam  it  would  seem  that,  unless  high  coefficients  of  friction  are 
assumed  for  the  base,  it  would  not  be  safe  from  sliding.  There  seems 
to  be  no  good  ground  for  assuming  high  coefficients  for  a  soil  which 
is  saturated  with  upward  fl-owing  water  to  the  weep-holes. 

In  the  speaker's  opinion,  the  initial  mistake  was  made  in  selecting 
a  dam  of  this  type  for  such  a  site.  Although  the  speaker  has  not 
visited  the  site,  and  knows  nothing  about  it,  except  what  is  disclosed 
in  the  paper,  there  appears  to  be  in  the  vicinity  considerable  clay, 
gravel,  and  sandy  clay  which  would  be  excellent  material  for  an  earth 
dam.  An  earth  dam  could  have  been  built  on  this  site  economically, 
and  would  have  eliminated  nearly  all  the  very  uncertain  features  which 
obtain  with  this  hollow  concrete  dam;  the  speaker  believes  an  earth 
dam  is  the  proper  type  for  this  site. 

Another  interesting  part  of  the  paper  is  the  discussion  of  the  spill- 
way capacity.  The  author  certainly  has  increased  the  capacity  of  the 
original  spillway  to  a  point  beyond  all  precedent.  The  speaker  believes 
that  any  spillway  should  have  a  very  safe  capacity.  It  should  be  large 
enough  to  care  for  the  very  largest  storm  that  can  possibly  be  con- 
ceived of,  but  the  speaker  believes  that,  in  this  case,  the  author  has 
surely  gone  beyond  the  necessary  limit.  A  flood  as  great  as  that  pro- 
vided for  by  the  new  spillway  certainly  could  be  produced  only  by  a 
rainfall  far  greater  than  the  maximum  curve  of  rainfall  for  the  eastern 
United  States,  as  indicated  by  A.  N.  Talbot,  M.  Am.  Soc.  C.  E.  This 
curve  is  supposed  to  cover  the  greatest  rainfall  in  this  part  of  the 
country. 

On  page  184,  the  author  cites  certain  storms  of  great  intensity  for 
24  hours,  but  does  not  give  the  rate  for  the  critical  time  for  the  water- 
shed. Probably  a  rainfall  of  2  or  3  hours  would  be  much  more  nearly 
the  critical  period  for  this  water-shed.     Fig.  31  and  Table  9  present 
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data    from   the   automatic   rain   gauge   in   Central   Park,    New    York,      Mr. 
recorded    continuously    since    1869,    and    are    self-explanatory.      The    ^'^^  ^^' 
maximum  curve  for  Greater  New  York  gives  rates  materially  outside 
the  Talbot  curve,  and  is  shown  on  Fig.  32. 

On  the  illustration  of  the  new  spillway  (Plate  III)  is  shown  a 
joint  between  the  buttress  wall  and  the  slab  covering  the  bays.  This 
joint  is  filled  with  three-ply  tar-paper.  Apparently,  such  paper  was  not 
used  in  the  old  dam.  or  it  would  not  have  shown  the  bond  that  it  did 
along  those  joints. 


INTENSITY  DIAGRAM 
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O  Indicates  observation  taken  at  the  Central  Park 
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Fig.   32. 

It  would  seem  to  the  speaker  that  the  placing  of  tar-paper  in  the 
joints  of  this  dam,  or  in  any  dam,  would  be  very  poor  practice.  In  the 
speaker's  opinion,  tar-paper  could  not  be  classed  as  a  permanent 
material  which  would  stand  up  under  wet  and  dry,  freezing  and  thaw- 
ing, as  should  have  been  provided  in  a  permanent  structure.  These 
joints,  though  they  should  have  been  made  free  to  move,  should  have 
had  some  more  permanent  methods  of  stopping  leakage.  Even  a  plain, 
smooth  joint,  without  any  filling,  would  have  been  far  better  than  the 
tar-paper.  Some  form  of  metal  tongue  across  the  joint  would  have 
been  still  better. 

When  designing  the  Ashokan  and  Kensico  Dams,  of  the  Catskill 
Water  Supply  System,  the  speaker  had  occasion  to  divide  these  gravity 
masonry  dams  into  sections  for  the  purpose  of  taking  up  the  contrac- 
tion due  to  temperature  changes.  In  the  Ashokan  Dam  the  joint  was 
formed  with  concrete  blocks,  as  shown  on  Fig.  33,  and  the  leakage 
through  the  opening  of  the  joint  was  prevented  by  constructing  a  G-in. 
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Mr.      TABLE  9. — Maximum  Rates  of  Rainfall,  in  Inches  per  Hour,  as 

Gregory 

Recorded  by  Rain  Gauge  in  Central  Park,  New  York  City. 


Date. 


Aug.  5,  '78. 
July  3,  '93. 
July  31,  '10. 


May  30. 
Oct.  11 
Aug.   6 

July  1-2. 
Ausr.  20 
July  28. 

Aug.  5 
Sep.  4. 
July  31 

July  28, 
Mav  30 
July  28 

Aug.  5 
Ans.  20, 
July  26. 

Aug.  5. 
Sep.  4 
July  28 

Aug.  20 
May  22 
July  28, 

July  26 
Aug.  5 
May  30, 

Aug.  5, 
Sep.  4 
Aug.  20, 

July  28 
Aug.  5 
July  28 

July  26 

May  22, 
Oct.     1 

Aug.  5 
Sep.  4. 
July  28, 

Aug.  20 
July  28 
Aug.   5, 

Aug.  19 
July  26 
May  22. 

Sep.  4 
Aug.  5. 
July  28 


'12. 
'71. 
'95. 

'80. 
■93. 
'02. 


'13. 

'10. 

'13. 
'12. 

'02. 

'02. 
'93. 

'75. 

'78. 
'13. 
'13. 

'93. 

'81. 
'02. 

'75. 
•02. 
'12. 

'78. 
'13. 
'93. 

'02. 
'02. 
'13. 

'75. 
'08. 
'13. 


'93. 
'13. 
'02. 

'04. 
'75. 
'81. 

'13. 

'78. 
'02. 


Duration  in  Minutks. 


10         15         20 


9.00 

7.44 
6.98 

6.60 
6.48 
6.36 

6.00 
6.00 
6.00 


8.00 
6.40 

4.88 

4.80 
4.68 
4.60 

4.56 
4.52 
4.12 


40         50         60         80        100       120 


4.42 
3.93 
3.69 
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TABLE  9.— (Continued.) 


Date. 


July  28,  '13. 
Oct.  1.  '13. 
Aug.  20,  '93. 

Aug.  19,  '04. 
Aug.  5,  '02. 
Sep.  23,  "82. 

Sep.  4,  '13. 
July  28.  '02. 
Aug.  5.  '78. 

July  28,  '13. 
Oct.  1,  '13. 
July    6,  '96. 

Aug.  23,  '97. 
Aug.  2,  '93. 
Aug.  19.  '04. 

Sep.  4,  '13. 
July  28,  '02. 
July  28,  '13. 

Aug.  5,  '78. 
Oct.  1,  '13. 
July    6,  '96. 

Sep.  23,  '82. 
Aug.  23,  '97. 
Aug.  19,  '04. 

Sep.  4,  '13. 
July  28,  '13. 
Oct.     1,  '13. 

Sep.  23,  '82. 
Aug.  19,  '04. 
July    6,  '96. 

May  21,  '83. 
July  5,  '01. 
June  29,  '03. 

Oct.  1,  M3. 
July  5,  '02. 
Sep.  23,  '82. 

Oct.  9,  '03. 
Aug.  19,  '04. 
Oct.     4,  '77. 

Sep.  4,  '78. 
June  29,  '03. 
Oct.  23,  '12. 

July  5,  '01. 
Sep.  23,  '82. 
Oct.    9,  '03. 

Sep.  4,  '78. 
Oct.  4,  '77. 
Aug.  19,  '04. 

Aug.  4.  '88. 
Aug.  23,  '97. 
Aug.  23,  '12. 


Mr. 
Gregory. 


Duration  in  Minutes. 


10         15         20         30         40         50         60 
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offset,  with  a  face  very  accurately  finished  in  a  plane  parallel  to  the      Mr. 
longitudinal  axis  of  the  dam,  so  that  when  the  joint  opened  the  con-  ®'"^s°''y- 
Crete  surfaces  would  slide  on  each  other  without  opening. 

Just  down  stream  from  this  offset,  as  shown,  is  the  drainage  well 
to  collect  and  carry  to  a  lower  gallery  whatever  leakage  might  come 
through  the  joint.  Experience  has  shown  the  leakage  through  the 
fifteen  joints  of  this  dam,  aggregating  about  1  500  lin.  ft.  of  exposed 
joint,  to  have  been  about  450  000  gal.  per  day  as  a  maximum,  and  to 
have  been  reduced  to  about  25  000  gal.  per  day  on  November  2d,  1916. 


COPPER  STRIP  AT 
EXPANSION-JOINT 


I    I     I    I    I 
3  6 


Fig.  34. 


In  the  Kensico  Dam,  similar  joints  were  provided  with  a  copper 
strip  arranged  diagonally  across  the  sliding  joint,  so  that,  when  the 
joint  opens,  the  copper  strip  (as  shown  on  Fig.  34)  will  crumple 
rather  than  tend  to  pull  out.  These  structures  have  been  very  effective 
in  all  joints  but  two  where  there  was  considerable  leakage  at  first,  due 
to  a  poor  batch  of  concrete  near  the  bottom  of  the  well  in  one  case, 
and  a  contraction  crack  below  the  bottom  of  the  well  and  copper 
strips  in  two  cases  which  admitted  more  water  than  the  entire  twenty- 
two  joints  in  the  dam.  After  these  cracks  were  grouted  the  leakage 
was  reduced  to  from  13  000  to  18  000  gal.  per  day  for  the  1 900 
lin.  ft.  of  exposed  joint. 
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Mr,  Kenneth  C.  Grant,*  M.  Am.  Soc.  C.  E.  (by  letter). f — This  paper 


Grant 


is  very  interesting  to  the  writer,  who  made  a  careful  examination  of 
the  dam  on  January  16th,  1914,  and  agrees  with  the  author's  conclu- 
sions as  to  its  failure.  The  writer  is  impressed  by  the  thoroughness 
of  the  studies  and  designs  for  the  repair  of  the  dam,  and  cannot  but 
feel  that  it  is  unfortunate  that  the  same  care  was  not  taken  in  the 
original  design  and  construction,  when  equal  safety  could  have  been 
obtained  at  much  less  cost. 

All  readers  of  this  paper  must  have  been  impressed  by  the  large 
spillway  capacity  provided  in  the  reconstructed  dam.  The  writer 
was  particularly  pleased  to  see  the  retarding  effect  of  the  storage  above 
spillway  level  worked  out  by  actually  routing  tlie  assumed  maximum 
flood  through  the  reservoir.  The  usual  method  of  expressing  spillway 
capacity,  in  terms  of  run-off  per  square  mile  of  drainage  area,  does 
not  tell  the  whole  story.  If  the  reservoir  has  a  large  surface  area  at 
spillway  level,  a  rise  of  a  foot  in  the  water  surface  represents  a  very 
considerable  storage  capacity ;  and  the  maximum  flood  that  can  safely 
be  taken  care  of  by  spillway  and  storage  combined  may  be  much 
greater  than  in  the  case  of  a  reservoir  with  the  same  spillway  capacity, 
but  a  small  area  of  water  surface.  In  the  assumed  maximum  case 
shown  on  Fig.  15,  the  maximum  spillway  discharge  amounted  to 
about  1  600  sec-ft.  per  sq.  mile,  and  the  assumed  flood  causing  this 
outflow  reached  a  maximum  of  nearly  2  600  sec-ft.  per  sq.  mile.  Thus, 
the  spillway  capacity  of  1  840  sec-ft.  per  sq.  mile  given  by  the  author 
really  means  that  it  would  take  a  flood  about  two-thirds  larger  than 
this  to  overtop  the  dam. 

This  reducing  action,  which  every  full  reservoir  exerts  on  a  flood 
wave,  is  the  same  in  principle  as  the  control  effected  by  retarding 
basins  such  as  those  which  are  to  be  built  for  the  protection  of  the 
Miami  Valley  in  Western  Ohio,  except  that,  in  the  latter  case,  the 
reduction  is  much  greater,  inasmuch  as  the  entire  capacity  of  the 
basins  is  available  for  flood  storage.  The  writer  has  noted  that  the 
capacity  of  some  of  the  flood-control  reservoirs  in  Europe,  in  which 
the  conduits  can  be  closed  by  gates,  is  correctly  considered  to  be 
the  total  capacity  up  to  the  elevation  at  which  the  spillway  discharge 
reaches  the  maximum  outflow  that  can  be  safely  delivered  to  the 
channel  below. 

It  may  be  of  interest  to  explain  briefly  the  method  found  to  be 
the  simplest  for  routing  floods  through  the  Miami  Valley  retarding 
basins,  by  applying  it  to  the  flood  wave  assumed  by  the  author  in 
Fig.  12.  In  the  method  here  to  be  described,  the  time  interval  is  fixed, 
and  the  rate  of  outflow  is  obtained  by  trial.  The  rate  of  inflow  is 
fixed  by  the  adopted  time  interval,  and  the  trial  rate  of  storage  and 

*  Dayton,  Ohio. 
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elevation  of  reservoir  surface  are  fixed  as  soon  as  the  rate  of  outflow  Mr. 
is  assumed.  As  compared  with  the  method  of  fixing  the  elevation 
of  reservoir  surface  and  finding  the  time  interval  by  trial,  this  method 
has  the  advantage  of  enabling  one  to  pick  the  breaks  in  the  inflow 
curve,  especially  the  peak,  and  the  points  where  inflow  equals  outflow. 
^  Fig.  35  shows  a  capacity  curve  of  the  Stony  Eiver  Reservoir  above 
spillway  level,  derived  from  Fig.  10;  also  a  curve  showing  spillway 
discharges  plotted  against  reservoir  capacities,  derived  from  Fig.  11. 
Fig.  36  shows  the  inflow  and  outflow  curves,  and  Table  10  illustrates 
the  method  of  recording  the  routing  operation. 

TABLE    10.— Cane   Creek    Flood   of   May,    1901,   Routed   Through 
Stony  River  Reservoir. 

(Assumed  Stony  River  discharges  derived  from  Cane  Creek  discharges 
by  direct  ratio  of  drainage  areas.  No  flash-boards  on  spillways. 
Reservoir  full  at  beginning  of  flood.) 
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Conditions  of  starting  similar  to  those  given  by  the  author,  were 
assumed,  namely,  that,  at  7  a.  m.,  the  outflow  is  equal  to  the  inflow, 
or  100  sec-ft.  From  Fig.  35,  this  corresponds  to  a  capacity  of 
208  400  000  cu.  ft.,  or  an  elevation  of  136.2. 

Take  a  time  interval  of  1  hour.  At  this  time  the  rate  of  inflow 
is  500  sec-ft.  By  trial,  a  rate  of  outflow  at  this  time  can  quickly  be 
found  such  that  the  storage  increment  added  to  the  storage  already 
existing  gives  a  total  storage  corresponding  to  the  assumed  outflow. 
Thus,  by  assuming  a  rate  of  outflow  of  150  sec-ft.  at  the  end  of  1  hour, 
the  rate  of  storage  is  350  sec-ft.,  and  the  mean  rate  (jf  storage  is 
175  sec-ft.  Multiplying  this  by  3  600  gives  the  storage  increment,  in 
cubic  feet,  or  630  000  cu.  ft.     Adding  this  to  208  400  000,  the  storage 
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Mr.     at  Elevation  136.2,  gives  209  030  000  eu.  ft.,  the  total  storage.    Entering 

^^^  '  the  spillway  capacity  curve  on  Fig.  35  with  this  reservoir  capacity  gives 

a  discharge  of  150  sec-ft.,  which  checks  the  original  assumption  as  to 

outflow.     The  elevation  of  reservoir  surface,  136.24,  is  found  by  enler- 
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ing  the  reservoir  capacity  curve  on  Fig.   35  with  the  total  capacity, 
209  030  000  cu.  ft. 

Continuing   this   operation,   the   maximum   outflow   is   reached,   at 
which  time  the  outflow  is  equal  to  the  inflow,  and  the  rate  of  storage 
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is  zero.     From  this  point  until  the  water  surface  lowers  to  spillway    Mr. 
level,  the  outflow  is  greater  than  the  inflow,  and  the  storage  incre-  Grant. 
ments  are  negative. 

CANE  CREEK  FLOOD  OF   MAY,  1901, 

ROUTED  THROUGH   STONY  RIVER   RESERVOIR. 

SHOWING  REDUCTION  DUE  TO  STORAGE  ABOVE  SPILLWAY. 

Assumed  Stony  River  discharge  derived  from  Cane  Creek, 
discliarges  by  direct  ratio  of  drainage  areas.  No  Hash-boards 
on  spillways.  Reservoir  full  at  beginning  of  flood. 
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This  same  method  can  be  used,  of  course,  where  the  reservoir  is 
kept  entirely  empty  for  flood  control,  the  spillway  discharge  curve 
being  replaced  by  a  curve  in  which  the  discharge  of  the  outlet  conduits 
is  plotted  against  the  corresponding  reservoir  capacities. 
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Mr.  L.  E.  JoRGENSEN,*  M.  Am.  Soc.  C.  E.  (by  letter ).t — This  is  a  very 

^^  "  ■  detailed  analysis  of  the  execution  of  a  difficult  piece  of  dam  work — 
more  difeicult  than  the  construction  of  the  original  structure. 

To  the  writer  it  seems  that  an  earth-fill  dam  with  a  concrete  core- 
wall  would  have  been  the  logical  type  in  such  a  place,  as  there  probably 
was  enough  clayey  soil  in  the  neighborhood  to  cover  the  bottom  in 
an  up-stream  direction  from  the  core-wall,  although  it  is  stated  in 
the  paper  that  there  was  not  enough  suitable  material  to  build  a 
plain  earth-fill  dam. 

Of  courge,  the  author  was  not  concerned  with  what  could  have 
been  done  in  the  first  place  when  he  was  confronted  with  the  task 
'    of  repairing  and  strengthening  the  dam. 

The  author  makes  extensive  studies  for  spillway  provision,  and 
arrives  at  a  high  run-off  figure  which  seems  to  be  justified.  The 
breakable  flash-board  support  arrangement  is  a  good  feature,  consid- 
ering the  fact  that  the  treated  pins  were  found  to  break  within 
narrow  limits  of  load,  that  is,  within  between  4  and  4.6  ft.  of  head 
above  the  base  of  the  flash-boards. 

Valuable  information  as  to  the  frictional  resistance  and  shearing 
value  of  clayey  soil  and  shale  under  various  conditions  is  given  in 
the  paper.  The  anchoring  wall  at  the  heel  and  the  work  of  tying  it 
into  the  dam  must  have  been  among  the  most  difficult  details  of  the 
construction. 

The  stresses  used,  700  and  500  lb.  per  sq.  in.,  are  somewhat  higher 
than  those  to  which  the  writer  is  accustomed,  but,  with  good  concrete, 
should  leave  sufficient  margin  for  safety. 

The  drainage  system  has  evidently  been  a  problem'  of  no  small 
magnitude  in  this  case,  where  the  foundation  is  of  such  a  character 
that  muddy  water  is  likely  to  continue  flowing  through  the  drains 
where  these  are  placed  very  close  to  the  reservoir  pressure.  The  fact 
that  the  vertical  drain  pipes  only  fill  themselves,  but  do  not  overflow, 
seems  to  indicate  that  there  could  not  be  very  much  uplift  pressure, 
although  the  writer  does  not  understand  why  these  pipes  just  fill  but 
do  not  overflow. 

It  is  specified  under  Class  C  concrete  that  boulders  should  consti- 
tute not  more  than  40%  of  the  total  volume,  and  it  would  be  of  in- 
terest— at  least  to  the  writer — to  know  if  the  quantity  actually  placed 
in  this  concrete  approximated  this  figure,  as  he  has  always  felt  that 
20%  of  "plums"  was  about  the  maximum  that  could  be  "thrown  in", 
unless  there  was  considerable  hand  work.  Concrete  containing  many 
''plums"  is  not  likely  to  be  as  water-tight  as  when  a  medium  percentage 
is  used,  say,  20%,  which  is  not  so  small  a  percentage  at  that. 

*  San    Francisco,    Cal. 
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Edward  Wegmann,*  M.  Am.  Soc.  C.  E. — The  speaker  has  been  Mr. 
greatly  interested  in  this  description  of  the  repair  and  reconstruction 
of  the  Stony  River  Dam.  The  conditions  were  very  unfavorable,  and 
the  author  is  to  be  complimented  on  the  very  thorough  manner  in 
which  the  work  was  done,  giving  the  dam  large  factors  of  safety 
against  all  possible  kinds  of  failure  which  might  occur. 

In  order  to  correct  some  erroneous  statements  which  have  been 
made — some  of  thein  in  print — the  speaker  must  state  his  connection 
with  the  inception  of  this  dam.  He  was  engaged  by  the  West  Virginia 
Fulp  and  Paper  Company,  in  the  fall  of  1911,  to  visit  the  site  of  a 
proposed  storage  reservoir  in  the  mountains  of  West  Virginia,  which 
site  had  been  selected  by  an  engineer  employed  by  the  Paper  Company 
for  this  purpose.  Owing  to  the  steepness  of  the  river  beds  in  that 
region,  it  was  very  difficult  to  find  a  suitable  site  for  a  storage  reser- 
voir, and  the  one  finally  chosen,  after  considerable  investigation, 
appeared  to  be  about  the  only  one  available.  The  speaker  was  requested 
by  the  Paper  Company  to  give  his  opinion  about  this  site,  and  to 
recommend  the  type  of  dam  which  he  thought  should  be  adopted. 

In  accordance  with  this  request,  he  made  one  visit  to  the  site  of 
the  reservoir,  late  in  the  fall  of  1911,  in  the  company  of  Mr.  R.  P. 
Bloss,  the  engineer  of  the  Paper  Company.  At  that  time,  only  a  few 
test  pits  had  been  excavated.  They  showed  that  the  material  over- 
lying the  rock  consisted  of  yellow  clay  mixed  with  very  fine  sand, 
and  underlain  by  compact  blue  clay.  The  rock  surface  was  found 
to  be  at  a  considerable  depth.  The  surface  of  the  ground  was  cov- 
ered with  numerous  boulders,  and  in  most  of  the  test  pits  boulders 
were  found  at  a  certain  depth  below  the  surface.  An  alarming  feature 
was  the  fact  that  veins  of  some  fine  black  material  which  looked  like 
coal  appeared  in  some  of  the  test  pits.  Analyses,  made  later,  proved 
that  this  material  was  not  coal. 

Both  Mr.  Bloss  and  the  speaker  were  much  impressed  by  the  • 
possibility  that  leakage  under  the  proposed  dam  might  occur  through 
the  black  veins  in  the  clay,  unless  a  proper  cut-off  was  provided  to 
rock  bottom,  either  by  a  masonry  wall  or  by  sheet-piling.  The  speaker 
requested  Mr.  Bloss  to  dig  additional  test  pits  and  to  make  soundings 
with  an  auger,  in  order  to  determine,  as  nearly  as  possible,  the  posi- 
tion of  rock  bottom.  This  work  was  done  subsequently,  and,  early 
in  1912,  Mr.  Bloss  submitted  to  the  speaker  a  cross-section  of  the 
valley  of  Stony  River,  showing  the  probable  line  of  rock  bottom. 

Based  on  this  cross-section  and  the  data  obtained  by  the  test  pits 
and  borings,  the  speaker  reported  to  the  Paper  Company  as  follows : 

1. — That  the  site  selected  for  the  reservoir  would  be  satisfactory, 
if  the  valley  were  closed  by  a  well-constructed  dam. 
*  New  York  City. 
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2. — That  a  masonry  dam  would  cost  more  than  $500  000,  owing 
to  the  great  depth  to  rock,  which  is  about  45  ft.  in  the  center 
of  the  valley. 

3. — That  an  earth  dam  was  out  of  the  question,  as  no  earth  or 
gravel,  for  mixing  with  the  clay  at  the  site  of  the  dam, 
could  be  found  within  a  reasonable  distance  from  the  pro- 
posed reservoir. 

4. — That  the  only  type  of  dam  which  could  be  built  at  the  pro- 
posed site,  within  a  reasonable  sum — say,  from  $150  000  to 
$200  000 — was  a  hollow  dam  of  reinforced  concrete. 

After  receiving  the  speaker's  report,  the  Paper  Company  decided 
to  construct  a  hollow  dam  of  reinforced  concrete,  and  requested  the 
speaker  to  prepare  a  contract  and  specifications  for  this  work.  Three 
different  companies  which  had  had  experience  in  this  kind  of  con- 
struction were  invited  to  submit  plans  and  bids  for  the  construction 
of  a  hollow  dam  of  reinforced  concrete,  based  on  the  cross-section 
of  the  valley  prepared  by  Mr.  Bloss.  On  this  plan  Mr.  Bloss,  in 
consultation  with  the  speaker,  had  marked  the  least  depth  to  which 
the  foundation  of  the  cut-off  wall  would  probably  be  excavated,  and 
the  contract  provided  that  if  the  foundation  should  go  deeper,  the 
additional  work  involved  should  be  paid  for  as  an  extra.  At  both 
ends  of  the  dam,  where  it  was  thought  that  the  cut-off  wall  would 
probably  not  go  down  to  rock,  sheet-piling  was  shown. 

Four  different  plans*  for  constructing  the  dam  of  reinforced  con- 
crete were  received,  with  lump-sum  bids,  ranging  from  $143  000  to 
about  $200  000,  for  building  the  dam  to  the  depth  shown  on  the  cross- 
section  of  the  valley. 

Only  one  among  the  bidders,  the  Ambursen  Hydraulic  Construc- 
tion Company,  of  Boston,  Mass.,  had  had  much  experience  in  the 
construction  of  dams  of  the  proposed  type.  This  Company  had  built, 
at  that  time,  more  than  seventy  dams  of  this  kind,  ranging  in  height 
up  to  150  ft.  All  these  dams  were  standing,  and  although  one  of 
them — that  at  Pittsfield,  Mass.,t  the  cut-off  wall  of  which  had  not 
been  carried  deep  enough  in  a  foundation  of  gravel — had  been  under- 
mined at  the  center  of  the  valley,  the  dam  had  merely  sagged,  but 
had  not  been  ruptured.  As  the  hole  made  under  this  dam  by  under- 
mining had  been  20  ft.  deep,  53  ft.  wide,  and  about  50  ft.  long,  both 
up  stream  and  down  stream,  the  structure  had  certainly  shown  remark- 
able strength.  It  had  been  jacked  up,  a  deeper  cut-off  wall  had  been 
provided,  and  no  further  trouble  had  been  experienced. 

In  view  of  the  wide  experience  of  the  Ambursen  Company  in  con- 
structing  hollow   dams   of   reinforced   concrete,   the   speaker   strongly 

•  Engineering  News,  September  5th,  1912. 
t  Engineering  News,  April  1st,  1909. 
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advised  the  Paper  Company:  (1)  to  engage  the  Amburson  Company  Mr. 
to  design  the  proposed  dam;  and  (3),  in  case  this  Company  should 
not  get  the  contract  for  building  the  dam,  to  employ  one  of  its  expe- 
rienced engineers  or  superintendents  to  be  constantly  on  the  ground 
while  the  dam  Was  being  built,  in  order  to  insure  that  the  plans  of 
the  Ambursen  Company  would  be  properly  carried  out. 

These  recommendations  were  adopted  by  the  Paper  Company,  and 
the  speaker's  connection  with  the  Stony  River  Dam  then  terminated. 
The  speaker  had  never  seen  the  plans  finally  adopted,  until  after  the 
partial  failure  of  the  dam  in  January,  1914. 

It  appears  that  the  westerly  half  of  the  dam  was  constructed  by 
the  Webber  Construction  Company,  the  lowest  bidder,  and  the  easterly 
half  was  built  by  the  Ambursen  Hydraulic  Construction  Company. 
According  to  the  plans  shown  to  the  speaker  by  the  Paper  Company, 
after  the  partial  failure  of  the  dam,  and  according  to  various  published 
accounts,  the  cut-off  wall  was  only  5  ft.  deep  below  the  floor  of  the 
dam  from  the  west  end  to  Buttress  15,  although  the  depth  of  water 
at  the  latter  point  was  more  than  25  ft.  This  part  of  the  core-wall 
was  founded  on  what  appeared  to  be  hard-pan,  a  tough  clay  which 
was  very  hard  to  pick  but  became  soft  after  being  under  water.  For 
the  remaining  length,  the  cut-off  wall  was  carried  down,  to  what  was 
thought  to  be  bed-rock.  As  the  usual  rule  is  to  make  the  depth  of 
the  cut-off  wall  at  least  half  the  depth  of  the  water,  the  inconsistency 
of  the  manner  in  which  the  dam  was  constructed  was  apparent,  and 
it  is  difficult  to  understand  how  the  engineers  in  charge  of  the  work 
could  have  been  satisfied  with  such  a  shallow  cut-off  wall,  especially 
as  sheet-piling  had  been  omitted  at  the  ends  of  the  dam,  although 
they  knew  that  there  were  porous  seams  in  the  clay  formation. 

After  the  partial  failure  occurred,  the  Ambursen  Company  issued 
a  bulletin  about  "The  Facts  as  to  the  Blow-out  under  the  Stony 
River  Dam  at  Dobbin,  West  Virginia."  In  this  pamphlet  the  Com- 
pany stated  that  the  plans  submitted  to  them  by  the  speaker  "showed 
sheet-piling  under  each  edge  as  a  cut-off",  but  that  its  Mr.  Ambursen, 
after  visiting  the  site  of  the  dam,  "expressed  disbelief  as  to  the 
possibility  of  driving  sheet-piling,  and  recommended  a  cut-off  trench 
to  be  carried  down  into  sound  material."  The  pamphlet  continued  as 
follows:  "The  test  pits  were  at  that  time*  examined  jointly  by  the 
owner's  engineer,  their  consulting  engineer,  Mr.  Wegmann,  and  Mr. 
Ambursen." 

The  speaker  cannot  understand  how  this  statement  got  into  the 
'pamphlet,  as  it  is  absolutely  incorrect.  He  never  met  Mr.  Ambursen 
and  Mr.  Bloss  at  the  site  of  the  dam,  and,  at  the  time  mentioned,  had 
no  connection  with  the  work. 

*  April,  1912. 
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Mr.  A  few  days  after  the  dam  had  been  ruptured,  Mr.  A.  G.  Hillberg, 

egmann.  j.gpi.gggj^^iijg  ^\^q  Engineering  Record,  visited  the  site.  According  to 
the  published  account  of  his  observations,*  the  core-wall  had  only 
been  carried  down  5  ft.  below  the  flooring  of  the  dam,  at  the  pQint 
where  the  break  occurred,  although  the  depth  of  the  water  in  the 
reservoir  at  this  point  was  more  than  25  ft.  Mr.  Hillberg  found,  at 
the  point  of  rupture,  a  "pervious  seam  of  coal  and  sand  with  some 
clay  as  a  binder,  about  S  in.  below  the  level  at  which  the  cut-oif  wall 
had  been  stopped."  The  seam  was  from  ^  to  6  in.  thick,  and  about 
4  ft.  wide.  This  discovery  gave  a  clear  proof  of  the  cause  of  the 
failure  of  the  dam,  and  as  Mr.  Scheidenhelm,  also,  has  stated  in  his 
report  to  the  Public  Service  Commission  of  West  Virginia  that 
"failure  was  caused  by  the  undermining  of  the  over-burden  or  soil 
under  the  up-stream  cut-off  wall",  the  speaker  thinks  that  this  question 
might  be  considered  as  definitely  settled. 

Mr.  Scheidenhelm  has  not  only  repaired  the  breach  in  the  dam, 
but  has  made  a  number  of  important  changes  in  its  design  and  con- 
struction which  the  speaker  will  discuss. 

Increasiiig  the  Spillnmy. — As  originally  built,  the  spillway  was 
only  150  ft.  long,  and  3  ft.  deep  below  the  crest  of  the  main  dam. 
In  case  of  a  severe  freshet,  the  whole  dam  could  have  acted  safely 
as  a  spillway,  if  a  suitable  apron  had  been  constructed  on  the  down- 
stream side. 

Assuming  the  probable  maximum  freshet  at  1  386  sec-ft.  per  sq. 
mile — the  figure  given  by  the  author  for  Cane  Creek — the  bulkhead 
section  of  the  dam,  as  originally  built,  would  have  had  to  pass  a  sheet 
of  water  about  2.5  ft.  deep.  In  all  probability,  the  dam  would  have 
been  able  to  pass  this  water,  but,  as  no  apron  had  been  provided  for  the 
bulkhead  section,   the  latter  would  have  been  gradually  undermined. 

In  reconstructing  the  dam,  Mr.  Scheidenhelm  increased  the  spill- 
way capacity  to  about  1 840  sec-ft.,  and,  although  this  may  seem 
unusually  large,  it  made  the  dam  very  safe. 

Increasing  the  Storage  Capacity  of  the  Reservoir. — By  placing 
flash-boards  on  the  two  spillways  provided  in  the  reconstructed  dam, 
Mr.  Scheidenhelm  raised  the  water  level  3.5  ft.,  and  thus  increased 
the  reliable  storage  capacity  of  the  reservoir  by  25  per  cent. 

Of  course,  this  increased  the  stresses  in  the  original  dam,  and 
reduced  its  factor  of  safety  against  sliding;  but  part  of  the  reinforce- 
ment put  in  the  reconstructed  dam  should  be  charged  to  raising  the 
water  level  3.5  ft.,  and  not  to  weakness  in  the  dam,  as  originally  built. 

Resistance    to    Sliding.- — The    author    made    some    experiments    oni 

the  frictional  resistance  of  clay  moving  on  clay,  shale  on  shale,  and 

concrete  on  shale.     In  all  these  experiments,  the  coefficient  of  friction 

appears  to  have  been  determined  for  materials  in  motion.     The  force 

*  Engineering  Record,  Januarj'  24th,  1914. 
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required  to  start  the  motion  is  known  to  be  much  greater  than  that        Mr. 
needed  to  keep  a  body  moving.  As  sufficient  data  on  these  points  are  not  ^<^^™^""- 
yet  avaihible,  the  author  acted  wisely  in  adopting  conservative  figures. 

The  original  dam  had  withstood  successfully  for  about  65  days 
the  pressure  due  to  a  full  reservoir,  before  failure  occurred  on  .January 
15th,  1915,  and  there  was  no  indication  that  the  dam  had  not  sufficient 
stability  against  sliding.  As  the  weepers  in  the  floor  of  the  dam  had, 
doubtless,  b^en  closed  by  ice  during  this  period,  and  as  the  reservoir 
had  not,  at  that  time,  been  made  water-tight  by  silting  up,  the  dam, 
in  all  probability,  had  been  subjected  to  upward  pressure.  Mr.  Scheid- 
ehhelm  thought  that  a  greater  upward  pressure  might  occur  in  the 
spring,  when  the  ground  was  full  of  water,  but,  in  the  speaker's  opinion, 
this  is  doubtful,  as  probably  the  weepers  would  be  open  at  that  season. 

Resistance  to  Overturning. — One  of  the  advantages  of  a  hollow 
dam  of  reinforced  concrete,  having  its  deck  on  an  angle  of  45°,  is 
its  stability  against  overturning.  As  the  water  rose  in  the  reservoir 
and  finally  over-topped  the  crest  of  the  dam,  the  line  of  pressure  was 
drawn  up  stream,  so  as  to  intersect  the  base  of  the  dam  near  its  center. 
The  speaker  thinks  the  original  dam  would  not  have  failed  by  over- 
turning. The  provisions  made  during  the  reconstruction  to  increase 
the  stability  against  sliding,  at  the  same  time,  gave  the  dam  a  still 
larger  factor  of  safety  against  overturning. 

Extension  of  the  Cut-Ojf  Wall. — Mr.  Scheidenhelm  has  extended 
the  shallow  cut-off  wall  near  the  west  end  of  the  dam  to  rock.  His 
explorations  by  test  pits  and  drill-holes  showed  that,  in  some  places, 
where  the  cut-off  was  thought  to  have  been  founded  on  rock,  it  was 
really  built  on  boulders,  and  permitted  leakage  under  its  base.  In 
such  cases,  Mr.  Scheidenhelm  carried  the  cut-off  deeper,  and,  in  other 
places,  he  made,  by  a  small  V-shaped  trench  filled  with  concrete,  a 
water-tight  seal  between  the  up-stream  side  of  the  cut-off  wall  and 
the  bed-rock.  The  width  of  this  wall — only  2^  ft. — did  not  seem  to 
be  sufficient  for  the  maximum  pressure  it  had  to  sustain,  and,  there- 
fore, it  is  not  surprising  that  Mr.  Scheidenhelm  found  that  in  some 
places  water  leaked  through  the  cut-off  wall. 

Miscellaneous  Construction.- — -Mr.  Scheidenhelm  has  strengthened 
the  original  footings  of  the  buttresses,  remedying  faulty  conditions 
in  places  by  pressure  grouting.  He  has  also  provided  a  proper  drain- 
age system  for  taking  care  of  the  leakage  through  the  foiuidation  soil, 
and  has  housed  in  the  higher  bulkhead  portions  of  the  original  dam 
by  curtain-walls  and  roofs,  in  order  to  prevent  serious  freezing  in 
the  drainage  system,  etc. 

In  conclusion,  the  speaker  compliments  the  author  on  the  very 
thorough  manner  in  which  he  has  repaired  and  improved  the  dam, 
and  on  the  detailed  account  of  this  work  which  he  has  given  in 
his  valuable  paper. 
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Mr.  Irving  P.  Church,*  Assoc.  Am.  Soc.  C.  E.  (by  letter).! — In  con- 

^'^'^  ■  nection  with  Fig.  12,  of  his  valuable  and  exhaustive  paper,  the  author 
refers  to  a  tentative  process  by  vphich  such  a  curve  as  a-h-g,  or  "Dis- 
charge over  Spillways",  is  determined;  that  is,  a  curve  showing  the 
rate  of  discharge,  Q,  over  the  spillway  as  a  function  of  the  time;  so 
that  with  Q  known  as  a  function  of  H,  the  depth  on  the  spillway,  it 
becomes  possible  to  compute  H  for  any  epoch;  this  being  a  case  where 
the  rate  of  influx  into  the  reservoir,  or  "flood  discharge",  is  given  as 
a  function  of  time,  in  such  a  curve  as  a-c-d,  or  graph  of  flood  dis- 
charge, in  Fig.  12. 

As  a  matter  of  this  kind  is  very  rarely  treated  in  books  on  hydraulics, 
it  may  be  of  interest  to  consider  the  strict  mathematical  nature  of 
such  a  problem,  that  is,  where  efiiiix  takes  place  through  an  orifice 
or  over  a  spillway  from  a  very  wide  vessel  or  reservoir,  simultaneously 
with  an  influx  into  the  reservoir;  and  where  it  is  desired  to  determine 
the  value  of  the  head,  E  (head  on  orifice  or  over  crest  of  spillway),  as 
a  function  of  the  time,  t. 

At  any  instant  of  time,  suppose  the  surface  of  the  water  in  the 
reservoir  to  be  rising,  and  assume  the  following  notation : 
A  =  the  area  of  that  surface,  at  any  instant ; 
i'^  =  area  of  orifice,  if  one  is  used; 
fjt.  ^=  coefficient  of  discharge  of  orifice ; 

and,  if  a  spillway  is  used,  let 

h  =  length  of  crest ;  and 
c  =  coefficient  of  discharge. 
Also,  let 

Q  =  rate  of  efflux,  in  cubic  feet  per  second,  at  any  instant ; 
and  Q'  =  rate  of  influx,  in  cubic  feet  per  second,  at  any  instant. 

During  any  short  interval  of  time,  d  t  (time-increment),  H  increases 
by  d  H,  and  the  gain  of  the  volume  of  water  in  the  reservoir  must  be 
equEil  to  the  excess  of  influx  over  efflux  during  this  time;  that  is, 

Q'.dt  —  Q.dt  =  A.dH (1) 

(If  the  surface  were  sinking,  we  should  have  —  A   .  d  H  instead  of 
+  A  .  dH.) 

Case  I. — Let  Q'  be  constant  and  the  reservoir  have  vertical  sides, 
with  efflux  taking  place  through  an  orifice;  then  A  is  constant.  Let  H^ 
be  the  initial  value  of  H,  and  let  the  constant,  Q',  be  written  in  the 
form,  Q'  =  ).i  F  s/  2  g  .  K^,  where  K  is  an  ideal  constant  head,  easily 
computed.    Equation  (1)  now  becomes: 

d  t  =  r=r   .   (2) 

jiiF\/2g       KJ  —  II^ 

*  Ithaca,  N.  Y. 

t  Received  by  the  Secretary,  May  1st,  1917. 
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This  is  readily  integrable  by  a  temporary  change  of  variable,  K^  —  H^  Chun^h 
being  denoted  by  Z  ;  so  that  fZ  i/  =  —  2  //  2  .  rt  Z,  =  2  (Z  —  K  2  )  .  cZ  Z. 

Now,  H  =^  Hq  for  t  =  zero  and,  finally,  after  integration,  the  form 
is  obtained, 
2^1 


t  = 


F\/2 


[V  1^0-  ^^^+  V^  .  iog..(^^^-[^^»)]..(3) 


giving  the  time,  t,  as  a  function  of  H.  If  t  is  given  and  H  sought, 
resort  must  be  had  to  solution  by  trial.  (By  "log.g"  is  meant  Naperian 
logarithm.) 

Case  II. — Let  the  reservoir  have  a  rectangular  spillway  on  which 
initially  (that  is,  for  t  =  zero),  the  head  is  H^  though  at  any  later 
instant  it  is  H,  the  rate  of  efflux  being  1>hen  Q  —  c  .b  w  2g  .  H^.  Let  the 
rate  of  influx,  Q',  be  constant,  and  let  an  expression  be  written  for  it 
in  the  form,  Q'  ^^  c  .h  \/  2g  .  7v  ^,  where  K  is  an  ideal  constant  head. 
The  sides  of  the  reservoir  are  vertical;  hence  A  is  a  constant. 

Assuming  that  Q'  is  greater  than  the  initial  value  of  Q,  we  have 
from  Equation  (1)  : 

d  t  = -=:::::  . (4) 

c  .  h  V  2  fir      Jv  ^  —  H^ 

The  integration*  of  this  equation  is  quite  roundabout,  but  finallyf 
leads  to  the  result 


A  K 


log. 


[V  K—  sf  £rj'  {h+  sf  H  K+  k) 


V  12  tan.-  1     ^  =3^^-^ ^ =- 

\3  K  +  (2  V  //o  +  V  a)  (2  V  iT  +   \/  k) 


1 


(5) 


in  which,  as  before,  log.^  signifies  '^  Naperian  logarithm  of";  and 
tan.  "  ^  denotes  "anti-tangent  of",  or  "arc  whose  tangent  is";  for 
example,  tan.  -  ^  0.488  =  0.454  (since  tan.  26°  =  0.488,  and  26° 
expressed  in  arc  ("  radians  ")  is  0.454). 

Case  III. — Rate  of  inflirx,  Q' ,  not  constant,  but  proportional  to 
the  time.  Efflux  over  a  spillway.  If  Q'  is  a  linear  function  of  t,  that 
is,  is  proportional  to  t,  when  t  is  reckoned  from  a  special  origin,  we  have 
a  case  that  is  suggested  by  the  graph  of  the  Cane  Creek  flood  of  the 
author's  Eig.  12;  since  this  curve,  a-c-d,  etc.,  may  be  considered  to  be 
made  up  of  a  number  of  consecutive  straight  lines.     Among  the  more 

*  Detail  will  be  found  on  p.  200  of  Frizell's  "Water  Power",  First  Edition. 
t  On  pp.  362  and  430  of  Engineering  Neios,  November  and  December,  1901,  will  be 
found  interesting  matter  relative  to  this,  by  tbe  Messrs.  Gould. 


943  discussion:  EECOXSTRUCTION  of  stony  river  dam   [Papers. 

Mr.     prominent  of  these  straight  lines  is  the  portion,  c-d;  and  this  portion 


Church. 


has  been  treated  by  the  writer  in  the  attempt  to  discover  the  law  con- 
necting the  variables,  H  and  t,  holding  good  for  any  instant  of  time 
between  about  9.30  and  10.30  A.  M. 

If  a  straight-edge  be  applied  to  the  diagram  in  Fig.  12,  it  will  be 
found  that  the  prolongation  of  the  straight  line,  d-c^  cuts  the  time- 
axis  very  closely  at  9  a.  m.  ;  and  that  the  point,  d,  corresponds  to  a  value 
of  Q'  =  5  000  cu.  ft.  per  sec.  at  10.30  a.  m.,  that  is,  5  400  sec.  along  the 
time-axis  from  9  a.  m.  Hence,  if  we  reckon  t  from  9  a.  m.,  we  have  the 
proportion,  Q':  5  000::  t:  5  400,  or  Q'  =  0.92Qt  (for  the  foot  and  second 
as  units). 

Since  the  elevation  of  the  surface  of  the  water  at  this  stage  of  the 
flow  is  less  than  140  ft.,  only  two  of  the  three  spillways  will  be  in 
action,  namely,  the  "old"  and  the  "new";  and  these  have  the  same 
crest  elevation  of  136.0  ft.  and  hence  are  equivalent  to  a  single  spillway 
for  which  the  rate  of  discharge,  or  "capacity"  (see  Fig.  11),  is 

Q  =  3.65  (150  +  133)  .  J/f; 
that  is, 

0  =  1  033  .  fl"!  cu.  ft.  per  sec.  (with  Jf  in  feet). 

Again,  in  Fig.  10,  it  is  to  be  noted  that  the  c'urve  of  reservoir 
capacity  is  nearly  straight  between  Elevations  134.0  and  138.0,  the 
gain  of  volume  in  that  interval  of  4  ft.  being  500  000  000  gal.  or  a 
fairly  constant  rise  of  125  000  000  gal.  per  ft.  Division  by  7.58,  and 
by  1  ft.,  gives  16  710  000  sq.  ft.*  as  a  fair  estimate  of  the  area.  A,  in 
the  region  of  Elevation  136.0.  These  expressions  and  values  having 
been  inserted  in  Equation  (1),  there  is  obtained,  after  reduction  and 
division  (for  foot-second  units), 

10  000  000— —  =  0.554  t  —  618.4  H^ (6) 

This  differential  equation  not  admitting  of  a  strict  mathematical 
solution,t  resort  was  had  to  plotting  a  curve  with  H  as  ordinate  arid  t  as 
abscissa  (t  is  reckoned  from  9  a.  m.  and  H  is  the  head  on  the  spillway), 
a  special  method  being  used  for  the  purpose,  giving  a  very  close 
approximation. 

It  is  a  property  of  a  circular  arc  that  the  tangent  lines  drawn  at 
its  extremities  intersect  at  a  point  equi-distant  from  the  points  of 
tangency,  and  the  method  in  question  consists  virtually  in  drawing, 
"tandem",  a  number  of  very  flat  circular  arcs,  the  radius  of  each  being 
the  average  radius  of  curvature  for  the  small  extent  of  curve  involved. 

*  Prom  the  curve  "area  in  acres"  of  Fig.  10,  we  might  also  have  taken  A  =  386 
acres  X  43  560  =  16  820  000  sq.  ft. 

t  Information  on  this  point  was  liindly  furnished  hy  James  McMahon,  Professor  of 
Mathematics,  Cornell  University. 
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The  arcs  themselves  are  not  drawn,  being  sufficiently  defined  by  the     Mr. 
extremities  and  their  tangents. 

For  each  of  the  five  values  of  H\  0.6,  0.7,  0.8,  0.9,  and  1.0  ft.,  the 
r?  77 
value  of  the  derivative,  — — ,   was  computed  from  Equation    (6)   for 

each  of  some  six  or  eight  values  of  t,  chosen  so  that,  by  previous  inspec- 
tion, the  true  value  of  t  for  the  assiimed  H  would  probably  lie  within 
the  range  taken;  and  these  thirty  or  forty  values  were  tabulated. 
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In  Fig.  37,  for  the  starting  point,  D  (corresponding  as  regards  time 
to  points,  h  and  c  of  the  author's  Fig.  12),  we  have  H  =  0.50  ft.,  and 
t  will  be  taken  as  2  034  sec.  (that  is,  from  9  a.  m.;  see  Fig.  12).    Also, 

dH 

the  value  of   the  "  slope  "  of   the  tangent  line  at  D,  namely, 


0.0910 


dt  ' 
A  straight  line,  D  JP,  is  then 


fouud  from  Equation  (6)  to  be 

'■  ^  ^  1  000 

drawn  through  D  at  such  an  angle  that  a  portion  having  1  000  sec. 

as   horizontal   projection   has   0.0910   ft.    as   vertical   projection.     Use 

was  made  of  co-ordinate  paper  with  twenty  divisions  to  the  inch,  and 

the  scales  adopted  were  1  000  sec.  to  5  in.  horizontally,  and  0.10  ft.  to 

2.5  in.  vertically. 

A  point,  E,  is  then  found  by  trial  on  the  horizontal  line,  GE,  that 

is,  for  H  =  0.60  ft.,  such  that  for  the  value  of  t  for  this  point,  E^ 

dH     , 

the  straight  line  drawn  through  E  and  having  a  slope,  -j— ,  obtained 

from  Equation  (6)  for  these  values  of  H  and  t,  intersects  the  previous 
tangent  line,  DF,  in  a  point,  F',  making  F'D  equal  to  F'E.  We  have 
thus  determined  very  closely  a  new  point,  E,  of  our  curve  and  the 
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tangent  line,  F'EJ,  at  this  point.  A  similar  procedure  involving  the 
tangent,  E  J,  and  the  horizontal  line  for  H  =  0.7  ft.,  gives  another 
point  on  the  curve  and  also  its  tangent  line;  and  so  on. 

The  five  points  thus  obtained  in  addition  to  the  starting  point,  D, 
are  plotted  in  Fig.  38  and  give  the  curve  there  sho-wn.  The  figures 
annexed  to  the  points  give  the  abscissas  (time),  in  seconds. 
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Investigations  involving  a  change  of  origin  and  the  plotting  of 
the  logarithms  of  the  new  co-ordinates,  brought  out  the  fact  that 
the  relation 

H=  0.30+   ( — ^-1^ — ^  (2  000  +  0^-^^ (7) 

V  10  000  000  /  ^       ^  ^  ^  ^  ^ 

is  practically  the  equation  to  this  curve,  within  the  limits  shovsm; 
giving  results  not  more  than  1%  in  error  when  H  is  solved  for.  The 
t  of  this  equation  is  reckoned  from  9  A.  M.,  as  before. 

For  the  point,  d,  in  the  author's  Fig.  12,  the  value  of  i^  is  5  400  sec. 
and  this  value,  in  Equation  (7),  gives  B.  =  1.04  ft.  For  this  point 
the  author  has  137.0  ft.  as  elevation  of  the  surface;  that  is,  B.  =  just 
1.00  ft. ;  and,  under  the  circumstances,  this  may  be  considered  a  very 
fair  agreement  of  the  two  methods. 

M.  M.  O'Shaughnessy,*  M.  Am.  See.  C.  E.  (by  letter).!— The 
author  is  to  be  commended  for  the  thorough  manner  in  which  the 

*  San  Francisco,  Cal. 

t  Received  by  the  Secretary,  May  1st,  1917. 
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reconstruction  of  this  dam  was  undertaken.  The  complete  way  in 
which  the  details  of  the  construction  and  the  reasons  therefor  have 
been  described  are  also  worthy  of  commendation. 

To  a  Western  engineer,  the  extraordinary  flood  flow  per  square 
mile,  of  the  region  which  drains  into  the  dam,  appears  to  be  alarming. 
It  would  seem  that  the  new  spillway  capacity,  more  than  six  times 
the  original  size,  should  surely  be  ample  to  underwrite  the  structure 
against  flood  damage  in  the  future.  It  wotdd  also  seem  that  this 
hollow,  reinforced  concrete  type  of  dam  was  well  adapted  for  this 
particular  site,  and  that  its  original  failure  was  due,  not  to  the  type 
of  structure,  but,  in  a  large  way,  to  lack  of  adequate  care  with  the 
foundation  portion  of  the  work.  Neglect  of  this  nature  is  likely  to 
cripple  any  dam,  and  one  of  this  type  perhaps  less  than  any  other,  as 
a  fracture  of  a  couple  of  panels  will  release  the  stored  waters  and 
safeguard  the  rest  of  the  structure. 

One  of  the  cardinal  principles  to  be  observed  in  any  dam  foundation 
is  to  remove  the  uplift  pressure  and  make  a  perfect  contact  between 
the  water-tight  skin  or  face  of  the  dam  and  the  solid  reliable  foundation 
material.  The  results  of  tests  on  the  friction  resistance  of  clay  soil 
and  the  analysis  of  the  sliding  factors  furnish  data  of  original  labor, 
which  are  creditable. 

The  method  of  pressure  grouting  the  footings  is  a  matter  of 
interest,  and  apparently  this  work  was  very  well  done  in  the  recon- 
struction. 

The  observation  that  "great  care  is  necessary  even  in  foundation 
work,  where  it  is  too  often  assumed  that  any  kind  of  work  will  suffice", 
should  be  impressed  on  the  minds  of  all  young  engineers  as  the  most 
important  of  all  the  elements  that  need  attention.  No  matter  how 
perfect  the  superstructure,  if  the  foundation  is  inadequate,  final  failure 
or  consequent  trouble  will  result.  If  the  leakage  on  May  25th,  and 
November  1st,  1915,  was  actually  measured,  the  facts  would  be  of 
interest. 

The  reason  for  the  construction  of  a  curtain-wall  and  roof  to  avert 
the  freezing  of  the  top  of  the  weep-holes  and  deep  drains,  is  a  matter 
of  much  interest  to  engineers  working  in  a  country  which  is  practically 
frostless. 

The  author's  comments  on  cracks  in  the  original  structure  from 
lack  of  proper  conti^action  joints  is  illuminating.  The  writer's  expe- 
rience has  been  that  where  large  masses  of  concrete  were  exposed  to 
rapid  temperature  changes,  there  should  be  joints  at  least  40  ft. 
apart,  and,  in  ditch  lining,  he  has  used  joints  as  close  as  12  ft.  to 
advantage. 

With  reference  to  asphalt  in  expansion  joints,  there  is  a  tendency 
of  this  material  to  flow  in  hot  weather.     Such  a  condition  was  studied 
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Mr.        in  the  reconstruction  of  the  Twin  Peaks  Reservoir,  in  1912,  and  by 

nessy^      adding  a  percentage   (17^%   by  weight)   of  diatomaceous,  kieselguhr, 

or  infusorial  (different  names  for  the  same  substance,  which  is  almost 

pure  silica),  to  the  asphalt,  this  tendency  to  flow  was  removed,  and 

the  asphalt  still  retained  its  plastic  condition. 

In  stating  the  cost  per  cubic  yard,  the  details  of  the  cement  and 
iron  costs  are  missing,  and  would  be  interesting  if  added  by  the  author. 

The  vsTiter  has  seen  no  paper,  for  some  time,  which  has  been  so 
candid  in  every  manner  in  describing  all  the  engineering  features, 
so  that  brother  engineers  can  profit  by  the  experiments  and  experience 
gained  in  this  structure. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


CHARLES  CONRAD  SCHNEIDER,  Past-President,  Am.  Soc.  C.  E.* 


Died  January  8th,  1916. 


Charles  Conrad  Schneider,  the  son  of  Julius  and  Emilie  Schneider, 
was  born  in  Apolda,  Saxony,  on  April  24th,  1843.  He  attended  school 
in  his  native  city,  and  then  served  an  apprenticeship  in  a  machine 
shop.  After  this  he  attended  the  Royal  School  of  Technology  in 
Chemnitz,  Saxony,  from  which  he  was  graduated  in  1864.  He  after- 
ward devoted  a  few  years  to  active  professional  practice  as  a  Mechanical 
Engineer. 

In  1867,  Mr.  Schneider  came  to  the  United  States  and,  for  three 
years,  was  employed  as  a  Draftsman  with  the  Rogers  Locomotive 
"Works,  at  Paterson,  N.  J. 

He  was  quick  to  perceive  the  great  field  for  development  which  lay 
in  the  branch  of  the  profession  which  he  subsequently  adopted,  and 
his  name  will  be  prominently  associated  for  all  time  with  those  mem- 
bers of  the  profession  who  have  done  so  much  in  the  past  40  or  50 
years  to  study,  develop,  and  perfect  the  science  and  art  of  Structural 
Engineering. 

His  first  work  in  this  line  was  with  the  Michigan  Bridge  and  Con- 
struction Company,  of  Detroit,  Mich.,  with  which  Company  he  accepted 
a  position  as  Assistant  Engineer  in  1871.  In  1873,  he  took  charge 
of  the  Engineer's  Office  of  the  Erie  Railroad  Company  in  New  York 
City,  under  the  late  Octave  Chanute,  Past-President,  Am.  Soc.  C.  E., 
Chief  Engineer.  In  this  position,  one  of  Mr.  Schneider's  duties  was 
to  check  the  strain  sheets  and  plans  submitted  by  bridge  companies. 
Up  to  this  time  this  had  not  been  the  general  practice,  the  railroads 
depending  mainly  on  the  bridge  companies  for  the  correctness  of 
the  designs.  He  also  organized  a  thoroughly  trained  inspection  force. 
At  this  time  experienced  inspectors  could  hardly  be  obtained,  and  the 
work  was  generally  accepted  without  inspection.  Mr.  Schneider  selected 
a  number  of  young  men  from  the  office  and  shops,  who  showed  prac- 
tical ability,  and  gave  them  instructions  which  enabled  them  to  inspect 
the  work  in  the  shops,  both  as  to  quality  and  progress. 

Bridge  work  up  to  this  time  had  usually  been  let  on  a  competitive 
lump-sum   basis.     Mr.    Schneider   soon  found  that  this   method   was 

*  Memoir  prepared  by  the  following  Committee  :  Paul  L.  Wolfel,  Richard  Khuen,  Jr., 
and  O.  E.  Hovey,  Members,  Am.  Soc.  C.  E. 
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unsatisfactory,  and  the  Railroad  Company's  officials  decided  to  make 
their  own  plans;  and  it  was  Mr.  Schneider's  duty  to  prepare  them. 
The  bridge  requirements  for  1874  were  designed  in  this  way,  and 
the  work  was  let  on  a  pound-price  basis,  and  this,  in  all  probability, 
was  the  first  instance  where  bridge  work  was  let  by  the  pound,  a 
procedure  which  Mr.  Schneider  always  favored. 

In  1876  and  the  early  part  of  1877,  he  was  engaged  by  the  Board 
of  Engineers  (sometimes  called  the  Stein  way  Commission),  appointed 
by  the  Long  Island  Bridge  Company,  to  prepare  and  pass  on  plans 
for  a  railroad  and  highway  bridge  across  the  East  River,  to  connect 
Long  Island  with  New  York  City.  It  was  the  intention  to  locate  this 
bridge  between  76th  and  77th  Streets,  this  site  having  been  selected 
as  the  narrowest  point  in  the  East  River.  The  plan  required  a  734-ft. 
span  across  the  west  channel  and  a  618-ft.  span  across  the  east  channel. 
The  project,  however,  was  not  carried  out  at  this  time,  on  account  of 
the  financial  condition  of  the  Company. 

From  May,  1877,  to  July,  1878,  Mr.  Schneider  was  associated  with 
the  Delaware  Bridge  Company,  of  New  York,  as  a  Designer.  Charles 
Macdonald,  Past-President,  Am.  Soc.  C.  E.,  was  President  of  this 
Company.  During  this  period  the  Delaware  Bridge  Company  made 
an  arrangement  with  the  Edge  Moor  Iron  Company,  of  Wilmington, 
Del.,  to  manufacture  the  ironwork  of  the  bridges  built  by  the  former 
company,  and  Mr.  Schneider  was  stationed  at  Edge  Moor  where  he 
had  charge  of  the  design  and  construction  of  various  bridges,  including 
the  Rockville  Bridge  over  the  Susquehanna  River,  near  Harrisburg, 
Pa.,  on  the  Pennsylvania  Railroad,  the  Cohoes  Bridge,  on  the  Delaware 
and  Hudson  Railroad,  and  several  smaller  ones. 

On  August  1st,  1878,  he  opened  his  own  office  in  New  York  City, 
specializing  in  the  design  of  bridge  and  structural  work.  One  of 
the  first  pieces  of  work  handled  by  him  was  a  number  of  Howe  truss 
spans  for  the  Canadian  Pacific  Railway,  the  most  important  of  which 
was  for  the  Stony  Creek  Viaduct.  This  work  was  done  by  Mr. 
Schneider  for  the  Contractor,  Mr.  Andrew  Onderdonk,  and  this  bridge 
carried  traffic  for  the  Canadian  Pacific  Railway  until  1893,  when  it 
was  replaced  by  a  large  arch  span.  Mr.  Schneider's  connection  with 
the  Canadian  Pacific  Railway  Company  dates  from  this  time.  For 
this  Company  he  acted  as  Consulting  Engineer,  in  numerous  cases, 
almost  to  the  end  of  his  life. 

One  of  the  most  important  structures  for  this  railroad  was  the 
527-ft.  cantilever  bridge  over  the  Eraser  River,  built  by  Mr.  Schneider 
in  1887.  This  was  one  of  the  first  cantilever  bridges  built  in  America, 
and  it  carried  traffic  until  1910,  when  it  was  taken  down  to  make 
room  for  a  structure  of  greater  capacity;  but  it  was  re-erected  across 
a  chasm  known  as  Niagara  Ravine,  on  the  line  of  the  Esquimault 
and  Nanaimo  Railway   (operated  by  the  Canadian  Pacific  Railway), 
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near- Victoria,  B.  G.  Both  these  structures  were  considerably  ahead 
of  their  time,  and  have  not  been  improved  on  by  the  most  recent 
practice,  except  in  a  very  few  features. 

In  more  recent  years,  Mr,  Scloneider  passed  on  the  design  of  the 
Lethbridge  Viaduct,  for  the  Canadian  Pacific  Railway,  and  also 
quite  a  number  of  smaller  structures,  including  some  Scherzer  and 
Strauss  bascule  bridges.  He  was  also  called  in  consultation  by  this 
Railway  Company  for  the  reconstruction  of  the  St.  Lawrence  River 
Bridge,  near  Montreal,  Que.,  where  the  rebuilding  of  the  superstruc- 
ture and  the  remodeling  of  the  piers  for  a  wider  and  heavier  bridge 
involved  numerous  difficult  and  interesting  problems. 

Numerous  other  structures  were  handled  by  Mr.  Schneider  in  his 
New  York  office,  the  most  important  of  which  was  the  cantilever  bridge 
over  the  Niagara  River  for  the  Grand  Trunk  Railroad.  He  wrote  a 
highly  interesting  paper*  about  this  structure  for  the  Society,  for 
which  he  was  awarded  the  Rowland  Prize  in  1886. 

He  also  designed  all  the  interior  steel  framework  and  the  anchorage 
for  the  Statue  of  Liberty  in  New  York  Harbor  during  this  time. 

When,  in  1886,  competitive  designs  were  requested  for  a  crossing 
over  the  Harlem  River,  by  the  Commission  appointed  by  the  City  of 
New  York,  Mr.  Schneider  was  awarded  first  prize  for  his  plans.  His 
friends  have  always  regretted  that  his  very  beautiful  and  correctly 
conceived  design  had  not  been  built  in  place  of  the  structure  which  is 
now  known  as  the  Washington  Bridge. 

From  1879  to  1883,  Mr.  Schneider  was  associated  with  the  late 
George  S.  Morison,  Past-President,  Am.  Soc.  C.  E.,  on  a  number  of 
important  structures,  such  as  the  Plattsmouth,  Bismarck,  and  Blair 
Bridges  across  the  Missouri  River,  and  the  Snake  River  Bridge,  at 
Ains worth.  Wash. 

In  1886,  Mr.  Schneider  was  a  member  of  a  board  of  consulting 
engineers  appointed  by  the  New  York  District  Railway  Company.  His 
associates  on  this  board  were:  William  P.  Trowbridge,  Charles  C. 
Martin,  Julius  W.  Adams,  John  T.  Fanning,  Alfred  P.  Boiler,  Gen. 
Quincy  A.  Gilmore,  Henry  Morton,  and  Charles  F.  Chandler.  This 
Company  proposed  to  build  an  underground  railway  under  Broadway, 
with  a  junction  at  14th  Street,  one  line  passing  up  Madison  Avenue 
and  the  other  continuing  north  under  Broadway. 

In  May,  1886,  Mr.  Scloneider  entered  into  an  agreement  with  the 
A.  and  P.  Roberts  Company,  of  Philadelphia,  Pa.,  owners  of  the 
Pencoyd  Iron  Works,  to  establish  a  Bridge  and  Construction  Depart- 
ment in  connection  with  its  works,  and,  subsequently,  was  appointed 
Chief  Engineer.  Under  his  direction  this  Bridge  and  Construction 
Department  developed  into  the  largest  and  most  progressive  establish- 

*  "The  Cantilever  Bridge  at  Niagara  Palls",  Tratisactions ,  Am.  Soc.  C.  E.,  Vol. 
XIV,  p.  499. 
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ment  of  its  kind  in  the  United  States,  and  gained  an  international 
reputation. 

Some  of  tlie  most  important  structures  built  by  the  Pencoyd  Iron 
Works  under  his  supervision  are  the  Delaware  River  Bridge,  for  the 
Pennsylvania  Railroad,  near  Philadelphia;  the  Niagara  Falls  and 
Clifton  Arch  Bridge,  over  the  Niagara  River,  near  the  Falls;  the 
Pennsylvania  Railroad  Company's  old  trainshed,  in  Jersey  City;  the 
Chesapeake  and  Oliio  Bridge  down  the  James  River,  in  Richmond; 
and  innumerable  smaller  structures  in  the  United  States,  Mexico, 
and  Japan. 

In  1893,  the  Long  Island  Railroad  Company  took  an  interest  in 
the  project  for  a  bridge  over  the  East  River  at  Blackwell's  Island, 
previously  referred  to,  with  a  view  of  establishing  a  terminal  in  New 
York  City.  Work  was  actually  commenced,  and,  in  1894,  competitive 
designs  for  the  bridge  were  invited.  The  bridge  was  to  accommodate 
four  railroad  tracks,  with  approaches  and  a  terminal  station  west  of 
Second  Avenue,  New  York  City.  The  plans  adopted  by  the  Long 
Island  and  New  York  Bridge  Company  were  the  designs  made  by 
Mr.  Schneider,  for  the  Pencoyd  Iron  Works,  to  which  Company  the 
contract  for  the  entire  steel  superstructure  of  the  bridge  and  approaches 
was  awarded  in  March,  1895.  Considerable  work  had  been  done  on 
this  bridge  on  piers  and  foundations,  complete  detailed  drawings  of 
the  superstructure  were  made,  and  a  portion  of  the  material  was 
rolled,  when,  on  accoxmt  of  the  death  of  Austin  Corbin,  President 
of  the  Long  Island  Railroad,  the  Company  again  became  disorganized. 

The  American  Bridge  Company  was  formed  in  1900,  and,  on  May 
21st,  Mr.  Schneider  was  elected  Yice-President  in  charge  of  Engi- 
neering. He  held  this  office  until  May  16th,  1901,  when  it  was  abolished 
and,  on  the  same  day,  he  was  elected  a  Director  and  Yice-President 
of  the  American  Bridge  Company  of  New  York,  also  in  charge  of 
Engineering.  These  offices  he  held  until  April  20th,  1903,  when  he 
became  Consulting  Engineer  of  the  Company,  which  position  he  held 
during  the  remainder  of  his  life.  His  associates  in  the  American  Bridge 
Company  held  him  in  the  highest  esteem,  and  felt  that  his  influence 
for  good  in  the  Company  was  very  potent,  particularly  in  the  early  days 
of  the  organization.  The  first  President  of  the  Company  expresses  his 
estimate  of  him  as  follows : 

"Mr.  Schneider  without  question  stood  at  the  very  head  of  his 
Profession  and,  in  addition,  I  believe,  never  had  an  enemy  in  his  entire 
career.  I  say  this  from  intimate  personal  contact  extending  over  a 
period  of  fifteen  or  twenty  years.  He  had  the  confidence,  not  only 
of  his  fellow  engineers,  but  of  the  consumer  as  well.  His  position 
at  the  head  of  the  Engineering  Department  of  the  American  Bridge 
Company  gave  to  the  organization  a  solid  foundation  among  its  com- 
petitors and  the  confidence  of  its  customers.     To  the  internal  working 
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of  the  Company,  he  was  a  great  advantage  at  the  start,  as  naturally 
many  conflicting  interests  had  to  be  considered,  and  I  believe  the 
entire  staft'  was  always  willing  to  accept  his  decisions  without  friction." 

During  this  time,  Mr.  Schneider  continued  his  connection  with  the 
Canadian  Pacific  E^ilway  as  Consulting  Engineer,  and  was  also 
appointed  Consulting  Engineer  for  the  Baltimore  and  Ohio  Railroad 
Company. 

In  1903,  he  was  commissioned,  in  conjunction  with  Theodore  Cooper, 
M.  Am.  Soc.  C.  E.,  by  the  Imperial  Government  Railways  of  Japan, 
to  prepare  a  large  set  of  standard  plans  for  bridges  for  the  Japanese 
Railways.  These  plans  are  still  in  use,  and  large  tonnages  have 
been  shipped  from  the  United  States  to  Japan  in  conformity  with  them. 

After  the  collapse  of  the  Quebec  Bridge,  he  was  commissioned, 
by  the  Canadian  Government,  to  make  a  report  on  the  causes  of  the 
failure,  which  report  he  finished,  in  1908,  in  the  most  thorough  and 
exhaustive  manner.  In  1911,  he  was  appointed  by  the  Canadian  Govern- 
ment as  a  member  of  the  Board  of  Engineers  for  the  rebuilding  of 
the  Quebec  Bridge,  which  position  he  held  until  his  death. 

Mr.  Schneider  frequently  contributed  to  technical  pai)ers.  Besides 
his  article  on  the  cantilever  bridge  at  Niagara  Falls  in  1886,  previously 
mentioned,  for  which  he  received  the  Rowland  Prize,  in  1905  he  received 
the  Norman  Medal  f^-om  the  Society  for  his  paper  on  "The  Structural 
Design  of  Buildings",*  and,  again,  in  1908  the  Norman  Medal  for  his 
paper  on  ''Movable  Bridges."!  These,  together  with  his  "Standard 
Specifications  for  Railway  and  Highway  Bridges"  and  the  volume 
of  "Standard  Details"  which  he  compiled  for  the  American  Bridge 
Company,  known  to  every  structural  engineer,  form  his  chief  con- 
tributions to  technical  literature. 

When  Mr.  Schneider  wrote  his  first  railroad  specifications  for  the 
Pencoyd  Iron  Works,  he  put  his  impact  theory  into  practical  use 
for  the  first  time.  This  method  of  calculation  has  been  adopted  by 
the  Government  of  India  and  by  a  large  number  of  American  rail- 
ways, and  has  also  been  incorporated  in  the  "Manual"  of  the  American 
Railway  Engineering  Association  and  in  its  "General  Specifications 
for  Railway  Bridges.'' 

Mr.  Schneider  was  a  member  of  the  American  Railway  Engineering 
Association,  American  Society  for  Testing  Materials,  the  Verein 
Deutscher  Ingenieure,  in  Germany,  and  the  Engineers'  Club  of  New 
York. 

Mr.  Schneider  was  dearly  beloved  by  his  many  friends  on  account 
of  his  sterling  character  and  his  kindly  disposition.  He  was  always 
willing  and  ready  to  assist  brother  engineers  with  advice,  giAdng  to 
them  freely  from  his  rich  fund  of  knowledge,  and  large  indeed  is  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIV,  p.  371. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LX,  p.  258. 
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number  of  engineers  to-day  in  responsible  positions,  who  owe  their 
training  and  their  positions  to  him.  He  was  most  democratic  in  his 
ways  and  of  a  lovable  disposition,  and  gained,  in  the  highest  degree, 
the  respect  of  everybody  who  came  in  contact  with  him.  He  always 
stood  for  good  work,  good  designs,  and  good  details,  and  the  Engi- 
neering Profession  is  greatly  indebted  to  him  for  the  present  high 
standard  that  has  been  obtained  in  bridge  and  structural  work.  His 
was  a  most  useful  life,  well  lived,  an  example  and  an  inspiration 
to  the  Profession,  that  will  remain  in  the  memory  of  all  who  had  the 
privilege  of  knowing  him. 

He  was  married  on  January  8th,  1880,  to  Catherine  Clyde, 
daughter  of  John  J.  and  Ruth  H.  (Luther)  Winters,  of  New 
York  City.  It  was  a  great  blow  to  him  when  he  lost  his  only  son  in 
early  boyhood.  He  is  survived  by  his  widow  and  his  daughter,  Helen, 
the  wife  of  John  Phillips  Badenhausen,  M.  Am.  Soc.  C.  E. 

Mr.  Schneider  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  February  6th,  1884.  He  served  as  a  Director  in 
1887  and  from  1898  to  1900,  and  was  elected  Vice-President  in  1902 
and  President  in  1905.  He  was  Chairman  of  the  Library  Committee 
in  1903  and  Chairman  of  the  Committee  on  Concrete  and  Reinforced 
Concrete  from  1904  to  1911. 


DANIEL  WHEELER  BOWMAN,  M.  Am.  Soc.  C.  E.* 


Died  March  14th,  1917. 


Daniel  Wheeler  Bowman,  the  son  of  Quaker  parents,  Francis 
Bowman  and  Elizabeth  (Hammond)  Bowman,  was  born  in  New  Bed- 
ford, Mass.,  on  October  2d,  1844.  In  1857  his  parents  purchased  a 
farm  at  Ledyard,  Cayuga  County,  N.  Y.,  and  moved  there.  Mr.  Bow- 
man spent  much  time  on  this  farm,  lending  to  his  life  the  enthusiasm 
and  interest  which  marked  him  throughout  his  later  years.  There  he 
acquired  and  developed  his  great  love  for  Nature  and  growing  things; 
and  this  clung  to  him  until  his  death. 

He  received  his  early  education  at  Oakwood  Seminary,  Union 
Springs,  N.  Y.,  from  which  he  was  graduated  in  1865.  He  returned 
and  took  a  post-graduate  course  at  the  Seminary,  on  finishing  which  he 
was  given  charge  of  a  Friends  Academy,  in  Ohio.  In  1868,  -Mr. 
Bowman  went  to  Kansas  on  some  survey  work,  returning  the  same  year 

*  Memoir  prepared  by  N.  R.  McLure,  M.  Am.  Soc.  C.  E.,  with  the  assistance  of 
Seymour  P.  Thomas.  Esq. 
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to  enter  Cornell  University  where  he  took  the  Civil  Engineering- 
Course.  His  life  at  Cornell  was  characteristic  of  the  man:  simple, 
honest,  and  earnest.  With  an  unusually  alert  mind  and  great  applica- 
tion, he  stood  very  high  in  all  his  classes,  and  by  his  native  kindness 
and  interest  in  his  fellows  and  in  all  that  pertained  to  the  general 
welfare,  he  endeared  himself  to  his  classmates  and  all  who  knew  him. 
He  was  graduated  in  1872  in  the  first  "through"  class  in  Civil  Engi- 
neering. In  1883,  Cornell  University  conferred  on  him  the  degree 
of  C.  E. 

Immediately  after  his  graduation,  Mr.  Bowman  was  offered  a  posi- 
tion as  Instrumentman  on  some  survey  work  for  the  New  York  Central 
Railroad  Company  in  New  York  State,  which  he  accepted,  and  in 
which  position  he  continued  for  two  years,  resigning  to  become  associ- 
ated as  Engineering  Secretary  to  the  late  Capt.  James  B.  Eads, 
M.  Am.  Soc.  C.  E.,  who  at  that  time  was  in  charge  of  important  jetty 
work  at  the  Southwest  Pass  of  the  Mississippi  River.  While  on  this 
work,  Mr.  Bowman  was  directly  under  the  late  G.  W.  R.  Bayley, 
M.  Am.  Soc.  C.  E.,  and  was  sent  to  New  York  City  and  Washington, 
D.  C,  on  special  missions  in  connection  with  his  work.  He  also  had 
charge  of  the  construction  of  the  dredge,  G.  W.  B.  Bayleyj  in  Pitts- 
burgh, Pa.,  in  1877,  for  use  on  the  jetty  work.  At  that  time  it  was 
the  largest  dredge  built,  and  was  an  engineering  triumph.  While  on 
this  work  Mr.  Bowman  married  Ida  Portia,  the  daughter  of  Mr. 
Bayley.     Two  sons  and  a  daughter  by  this  marriage  survive  him. 

After  this  work  was  finished,  Mr.  Bowman  made  some  very  exten- 
sive computations  for  a  proposed  bridge  across  the  East  River  at 
Blaclcwell's  Island,  New  York  City,  for  Capt.  Eads,  in  connection  with 
the  competition  then  asked  for  by  those  contemplating  this  structure. 
His  ability  as  a  Designing  Engineer  on  this  work  was  so  marked  that 
he  was  sent  by  Capt.  Eads  to  Phcenixville,  Pa.,  in  connection  with 
some  work  that  was  then  being  done  for  him  by  Clarke,  Reeves  and 
Company  (now  The  Phoenix  Bridge  Company).  At  that  time  the  late 
Adolphus  Bonzano,  M.  Am.  Soc.  C.  E.,  was  Chief  Engineer  of  this 
concern,  and  was  so  attracted  by  the  quick  perception,  ability  to  grasp 
and  solve  difficult  situations,  and  general  engineering  ability  of  young 
Bowman,  that  he  arranged  for  him  to  remain  at  Phcenixville  as  his 
Assistant,  in  charge  of  estimating  and  designing.  While  in  this  posi- 
tion Mr.  Bowman  designed  the  first  Kinzua  Viaduct,  for  the  New  York, 
Lake  Erie  and  Western  Railroad  Company,  in  McKean  County,  Pa., 
which,  at  that  time,  was  one  of  the  longest  and  highest  railroad  via- 
ducts in  the  world.  He  designed  the  Albany  and  Greenbush  Bridge 
across  the  Hudson  River,  at  Albany,  N.  Y.,  a  double-deck  structure 
carrying  railroad  and  roadway,  with  approach  spans  and  a  rim-bearing 
draw-span.     He  also  designed  the  difficult  reverse  curve  on  the  New 
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York  Elevated  Railway  work,  at  110th  Street,  Boulevard  Crossing. 
This  was  built  with  Phoenix  columns  and  latticed  girders,  and,  at  the 
time,  was  considered  quite  a  complicated  structure.  Another  notable 
bridge  designed  by  Mr.  Bowman  at  this  period  was  that  over  Rondout 
Creek,  on  the  West  Shore  Railroad. 

In  1885,  Mr.  Bowman  resigned  his  position  as  Designing  Engineer 
of  The  Phoenix  Bridge  Company  and  went  South,  doing  some  bridge 
inspection  work  for  the  Southern  Railway,  and,  in  1888,  he  was  made 
Bridge  Engineer  for  the  Central  of  Georgia  Railway.  While  in  this 
position  he  had  charge  of  the  rebuilding  of  many  of  the  old  bridges 
on  the  line.  In  1891,  he  was  made  Assistant  Engineer  of  The  Boston 
Bridge  Works,  at  Boston,  Mass.,  which  position  he  filled  until  1894, 
when  he  returned  to  Phoenixville,  Pa.,  as  Assistant  Engineer  for  The 
Phoenix  Iron  Company.  In  1896,  he  went  to  Chicago,  111.,  with 
several  associates,  and  organized  the  Universal  Construction  Company, 
of  which  he  became  Chief  Engineer.  In  1897,  he  again  returned  to 
Phoenixville  as  Assistant  Engineer  for  The  Phoenix  Iron  Company, 
under  H.  H.  Quimby,  M.  Am.  Soc.  C.  E.,  then  Chief  Engineer.  On 
the  resignation  of  Mr.  Quimby  from  this  Company  in  November,  1900, 
Mr.  Bowman  succeeded  him  as  Chief  Engineer,  in  charge  of  the  esti- 
mating, computing,  designing,  detailing,  and  erection  of  the  structural 
steel  fabricated  by  The  Phoenix  Iron  Company.  He  continued  as 
Chief  Engineer  until  February,  1914,  when  he  was  made  Consulting 
Engineer,  which  position  he  held  at  the  time  of  his  death. 

In  1899  he  was  married  to  M.  Virginia  Vanderslice,  of  Phoenixville, 
Pa.  The  years  of  Mr.  Bowman's  best  service  were  devoted  to  structural 
steel,  particularly  as  applied  to  bridge  and  building  work,  and  there 
are  few  localities  of  size  in  the  eastern  section  of  the  United  States 
which  have  not,  however  unconsciously,  felt  the  influence  of  his  ability 
through  structures  erected  in  their  midst.  These  were  improved  in 
construction  by  his  ever  watchful  and  able  supervision  of  the  design. 

Mr.  Bowman  was  broad  and  liberal  in  his  views  of  life,  a  progres- 
sive in  more  than  one  sense  of  the  word,  charitable  in  his  nature,  and 
a  friend  and  counsellor  to  those  who  sought  his  help  and  advice.  Many 
a  young  engineer  has  been  started  on  the  right  path  through  his  careful 
and  painstaking  efforts  in  his  behalf.  He  was  a  great  lover  of  Nature, 
and  spent  many  days  in  his  later  life,  in  the  open  among  his  flowers 
and  fruit  trees.  He  had  an  intense  and  loyal  affection  for  Cornell, 
his  Alma  Mater,  and  seldom  missed  returning  at  Commencement  time 
to  renew  his  youth  with  the  younger  Alumni.  Among  a  host  of  friends 
and  acquaintances,  rarely  was  there  a  man  who  will  be  so  sadly  missed. 
Mr.  Bowman  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  on  December  3d,  1912. 
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ANDREW  CHASE  CUNNINGHAM,  M.  Am.  Soc.  C.  E.* 


Died  January  13th,  1917. 


Andrew  Chase  Cunningham,  the  son  of  Thomas  and  Celeste  (Chase) 
Cunningham,   was  born  at  Mohawk,  N".  Y.,  on  February  15th,   1858. 

He  was  appointed  to  the  United  States  Naval  Academy  from  the 
Twenty-first  District  of  New  York  State,  on  June  9th,  1874,  and  was 
graduated  from  that  institution  as  a  Midshipman  on  June  10th,  1879. 
He  served  on  the  U.  S.  S.  Shenandoah  and  the  U.  S.  S.  Saratoga,  and 
on  February  1st,  1883,  he  resigned  from  the  service,  meanwhile  having 
been  promoted  to  the  rank  of  Ensign.  Mr.  Cunningham  had  decided 
by  this  time  that  a  career  in  the  Navy  was  not  what  he  desired,  and, 
having  determined  to  become  a  Civil  Engineer,  he  entered  Rensselaer 
Polytechnic  Institute,  at  Troy,  N.  Y.,  from  which  he  was  graduated 
in  1885  with  the  degree  of  Civil  Engineer. 

From  October,  1885,  to  April,  1886,  Mr.  Cunningham  occupied  the 
position  of  Topographer  on  preliminary  and  location  surveys  of  the 
Lincoln  Branch  of  the  Missouri-Pacific  Railway,  and  from  May,  1886, 
to  September,  1887,  he  served  as  Draftsman  with  the  Massillon  Bridge 
Company,  Massillon,  Ohio.  From  September,  1887,  to  November, 
1890,  he  was  in  charge  of  the  inspection  of  iron  and  steel  in  Pitts- 
burgh, Pa.,  and  vicinity.  This  work  consisted  in  the  acceptance  or 
rejection  of  material  for  such  structures  as  the  high  bridge  across 
the  Mississippi  River,  at  St.  Paul,  Minn.,  the  Ohio  Connection  Bridge 
across  the  river  below  Pittsburgh,  the  New  York  Elevated  Railway, 
numerous  large  buildings  in  Chicago,  111.,  and  bridges  on  the  Lake 
Shore  and  Michigan  Southern  Railway,  the  Pennsylvania  System,  the 
Louisville  and  Nashville,  and  other  railroads. 

From  November,  1890,  to  May,  1892,  Mr.  Cunningham  was  Chief 
Inspector  for  Carnegie,  Phipps  and  Company,  of  Pittsburgh,  Pa.,  now 
the  Carnegie  Steel  Company.  In  this  position  he  had  charge  of  the 
testing  and  inspection  of  steel  materials,  together  with  special  inves- 
tigation and  special  supervision  of  material  for  several  structures,  such 
as  the  Memphis  Bridge,  the  Sixth  Street  Bridge  across  the  Allegheny 
River  at  Pittsburgh,  and  others. 

In  May,  1892,  Mr.  Cunningham  associated  himself  with  Charles 
F.  Stowell,  M.  Am.  Soc.  C.  E.,  at  Albany,  N.  Y.,  under  the  firm  name 
of  Stowell  and  Cunningham,  the  principal  engineering  business  of  the 
company  being  in  connection  with  the  design,  inspection,  and  testing 
of  steel  bridges  and  steel  materials.  This  work  included  materials  and 
bridges  for  the  New  York  Central  and  Hudson  River  Railroad,  and 
the  Central  Vermont  Railroad,  as  well  as  materials  for  the  Cities  of 

*  Memoir   prepared   by   F.   T.   Chambers,    M.   Am.    Soc.    C.   E. 
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Albany,  N".  Y.,  Waterbury,  Conn.,  for  the  State  Engineer  of  N'ew 
York,  and  the  U.  S.  Treasury  Departttient.  In  1898,  while  he  was  a 
member  of  this  firm,  the  Spanish  War  broke  out,  and,  as  a  former 
officer  of  the  Navy,  he  obeyed  his  country's  call,  volunteering  for  such 
duty  as  he  might  be  assigned  to  by  the  Navy  Department.  At  that  time 
the  Navy  was  by  no  means  as  large  as  it  is  now,  and  had  almost  no 
auxiliary  ships  for  the  purpose  of  furnishing  supplies  to  the  fleet.  Mr. 
Cunningham,  therefore,  foimd  himself  an  Ensign,  on  May  14th,  1898, 
aboard  the  Collier  Aharenda,  a  ship  purchased  for  that  use.  While  this 
ship  was  moored  to  the  wharf  at  the  New  York  Navy  Yard,  the  late  L.  L. 
Buck,  M.  Am.  Soc.  C.  E.,  visited  the  Navy  Yard  for  consultation  work, 
in  connection  with  one  of  the  dry  docks  then  under  repair.  Some  one 
had  informed  him  that  Mr.  Cunningham  was  serving  as  an  Ensign 
aboard  the  collier,  and  Mr.  Buck  expressed  the  determination  to  visit 
him  before  he  left  the  yard,  adding  at  the  same  time  that  he  considered 
Mr.  Cunningham  one  of  the  foremost  steel  experts  of  the  country, 
and  that  it  seemed  to  him  a  waste  of  valuable  services  to  have  placed 
him  as  an  Ensign  aboard  a  supply  ship.  Mr.  Cunningham's  nature 
was  such  that  he  would  never  have  sought  to  be  transferred  from  this 
position,  but  Mr.  Buck  felt  strongly  on  the  subject,  and  made  it  his 
business  to  inform  the  Navy  Department  of  his  views,  the  consequence 
being  that  on  May  21st,  1898,  Mr.  Cunningham  was  transferred  to  the 
Bureau  of  Ordnance,  and  was  immediately  assigned  to  the  Washington 
Navy  Yard,  which  is  the  Naval  gun  factory.  Mr.  Buck  and  Rear- 
Admiral  Mordecai  T.  Endicott,  U.  S.  N.  (Retired),  Past-President, 
Am.  Soc.  C.  E.,  were  classmates  at  Rensselaer  Polytechnic  Institute, 
and  it  was  not  long  before  Admiral  Endicott,  then  Chief  of  the  Bureau 
of  Yards  and  Docks,  learned  that  an  accomplished  Civil  Engineer  was 
available  for  naval  duty,  and,  consequently,  Mr.  Cunningham  was 
transferred  to  the  Bureau  joi  Yards  and  Docks  on  June  27th,  1898. 
The  Civil  Engineer  Corps  of  the  Navy  was  then  rapidly  expanding  and 
in  need  of  officers,  and  Mr.  Cunningham  served  first  on  a  board  to 
examine  candidates  for  the  position  of  Civil  Engineer  in  the  Navy; 
before  the  successful  candidates  were  appointed,  however,  he  himself, 
on  September  29th,  1898,  was  given  a  permanent  commission.  On 
October  5th  of  that  year,  he  reported  to  the  Bureau  of  Yards  and 
Docks,  where  he  served  until  November  6th,  1901,  being  then  detached 
and  ordered  to  the  Naval  Station,  New  Orleans,  La.  This  was  a  new 
station  just  being  established,  and  Mr.  Cunningham  was  the  first 
Civil  Engineer  officer,  thus  being  given  the  opportunity  to  lay  out 
the  engineering  works  from  the  start.  On  April  3d,  1903,  he  was 
detached  from  the  New  Orleans  Station  and  ordered  to  the  Naval 
Academy,  where  he  served  until  June  9th,  1905,  and  from  there  he  was 
again  ordered  to  the  Bureau  of  Yards  and  Docks.     On  March  17th, 
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1906,  he  was  commissioned  with  the  rank  of  Lieutenant  in  the  Corps 
of  Civil  Engineers. 

Mr.  Cunningliam  continued  to  serve  in  the  Bureau  of  Yards  and 
Docks   as   Principal   Assistant  to   Admiral   Endicott   until  April   6th, 

1907,  when  he  was  ordered  to  the  ISTavy  Yard,  Norfolk,  Va.,  as  Senior 
Civil  Engineer  Officer,  and  on  November  18th,  1909,  he  was  commis- 
sioned with  the  rank  of  Lieutenant  Commander.  On  February  20th, 
1910,  he  was  detached  from  the  Norfolk  Navy  Yard,  and  ordered  to 
the  Navy  Department,  Washington,  D.  C,  as  Inspector  of  Public 
Works  for  the  entire  Navy.  This  duty  required  great  tact  and  diplo- 
macy, and  it  was  on  this  account  that  Mr.  Cunningham  was  selected 
for  the  work,  which  necessitated  his  maintaining  headquarters  in 
Washington,  and  visiting  the  various  Navy  Yards,  keeping  the  De- 
partment informed  as  to  the  status  of  the  various  public  works,  and 
co-ordinating  the  ideas  of  the  Yards  with  those  of  the  Department. 

On  July  10th,  1913,  Mr.  Cunningham  left  headquarters  at  Wash- 
ington to  assume  the  duties  of  Public  Works  Officer  of  the  Navy  Yard, 
Portsmouth,  N.  H.  Shortly  afterward  he  had  a  severe  nervous  break- 
down, and  on  November  17th,  1913,  was  ordered  to  sick  leave,  and  did 
not  return  to  actual  duty  until  June  16th,  1914.  He  never  fully  re- 
covered from  this  illness,  although  he  performed  lighter  duties  prac- 
tically up  to  the  time  of  his  death,  his  principal  assignments  after  this 
being  at  the  Naval  Training  Station,  Great  Lakes,  111.,  and  the  Naval 
Radio  Station,  Point  Isabel,  Tex.,  at  both  of  which  places  he  erected 
large  steel  towers  for  radio-telegraphy. 

While  on  duty  in  the  Bureau  of  Yards  and  Docks  of  the  Navy 
Department,  and  previous  to  his  detail  as  Civil  Engineer  Officer  at 
New  Orleans,  Mr.  Cunningham  had  supervised  the  construction  of 
the  16  000-ton  steel  floating  dock  for  the  New  Orleans  Station.  He 
became  much  interested  in  docks  of  this  type,  and,  at  a  later  date, 
obtained  letters  patent  on  a  floating  dock  of  his  own  invention.  He 
was,  indeed,  of  an  inventive  turn  of  mind  and  secured  patents  on 
several  of  his  ideas,  one  of  the  best  known  in  the  Navy  being  that  for 
a  coal-tar  paint. 

Mr.  Cunningham  was  affectionately  known  as  "Andy"  by  his  friends 
and  associates,  and  was  universally  liked.  His  genial  nature,  combined 
with  his  diplomatic  spirit,  caused  him  to  be  much  in  demand  on  boards 
of  officers  for  the  adjustment  of  disputes  or  for  changes  in  contracts. 

While  at  the  Naval  Academy,  he  was  the  champion  fencer  of  his 
time,  and  he  maintained  his  interest  in  this  sport  up  to  the  time  of  his 
severe  illness.  While  in  Washington  he  was  a  member  of  the  Wash- 
ington Fencers  Club,  and  when  he  was  at  the  Navy  Yards  he  stirred 
the  younger  men  to  a  revival  of  the  fencing  game.  He  was  looked  on 
by  the  entire  Navy  as  an  authority  on  this  subject,  and  was  also  con- 
sulted by  the  Army  at  one  time,  in  connection  with  the  modificai;ion 
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of  the  Army  saber.  As  a  fencer,  he  was  also  interested  in  singlestick, 
and  was  the  author  of  a  book  entitled  "The  Cane  as  a  Weapon."  Fenc- 
ing was  a  considerable  feature  of  his  recreation;  he  was  also  very  fond 
of  writing,  and  contributed  various  articles  to  the  press,  among  them 
being  several  on  naval  matters  published  by  the  Naval  Institute. 

Mr.  Ciuiningham  was  married,  at  Middleville,  N.  Y.,  on  June  18th, 
1879,  to  Miss  Jessie  E.  Thomas.  He  is  survived  by  his  widow  and  two 
sons :  John  Howard  Cunningham  of  Grand-Mere,  Canada,  and  George 
Thomas  Ciinningham,  of  Washington,  D.  C. 

Mr.  Cunningham  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  September  2d,  1891,  and  a  Member  on 
October  3d,  1894. 


EDMUND  HAZEN  DRURY,  M.  Am.  Soc.  C.  E.* 


Died  January  31st,  1917. 


Edmund  Hazen  Drury  was  born  at  St.  John,  New  Brunswick,  on 
July  31st,  1859.  He  was  graduated  with  honor  from  the  Royal  Military 
College,  Kingston,  Ont.,  in  June,  1881,  and  immediately  joined  the 
Engineering  Staff  of  the  Canadian  Pacific  Eailway  Company,  con- 
tinuing thereon  until  1888,  first  as  Rodman  and  finally  as  Division 
Engineer. 

From  1889  to  1890  Mr.  Drury  served  as  Assistant  Engineer  on  rail- 
way surveys  for  the  Dominion  Government  in  New  Brunswick,  and 
from  1890  to  1893,  he  was  Division  Engineer  and  Acting  Chief  Engi- 
neer on  the  McLeod  Branch  of  the  Calgary,  Edmonton,  and  McLeod 
Railway. 

From  1893  to  1906,  .he  held  the  following  positions :  Chief  Engineer 
and  Manager  of  Construction  for  the  contractors  of  the  Quebec  Central 
Railway,  1893-95;  Division  Engineer  on  the  Canadian  Northern  Rail- 
way, 1895-97;  Division  Engineer  on  the  Bangor  and  Aroostook  Rail- 
way, 1897-98;  Assistant  Chief  Engineer  on  the  Canadian  Northern 
Railway,  1898-1900 ;  Assistant  Chief  Engineer,  Cuba  Company  Railway, 
Cuba,  1900-02;  Assistant  Chief  Engineer,  Algoma  Central  Railway, 
1902-03;  Division  Engineer,  Crow's  Nest  Pass  Branch,  Canadian 
Pacific  Railway  Company,  1903-05;  and  Division  Engineer,  Canadian 
Northern  Manitoba  South  Eastern  Railway,  1905-06. 

Mr.  Drury  then  went  to  Mexico  where  he  was  employed  as  Auditing 
Engineer  and  Assistant  Chief  Engineer  in  charge  for  the  Mexican 
Light  and  Power  Company,  Mexico,  in  Necaxa  and  the  City  of  Mexico, 
from  1906  to  1908. 


*  Memoir  prepared  by  E.  J.  Walsh,  Esq. 
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In  the  autumn  of  1908,  lie  was  appointed,  by  the  Department  of 
Railways  and  Canals  of  Canada,  Engineer  in  charge  of  exploration  and 
the  reconnaissance  survey  of  alternative  routes  to  Port  Churchill  and 
Port  Nelson  on  Hudson  Bay.  His  report,  which  was  an  able  and 
comprehensive  one,  was  concluded  and  handed  in  toward  the  end  of  1909. 

In  1910,  he  was  appointed  Chief  Engineer  of  the  Quebec  and  Sher- 
brooke  Railway,  which  position  he  held  until  1911,  when  he  was  en- 
gaged to  prepare  an  estimate  and  report  for  a  proposed  railway  from 
Edmonton,  Alberta,  to  Bella  Coola,  on  the  Pacific  Coast  of  British 
Columbia,  via  the  Pine  River  Pass,  Rocky  Mountains,  for  the  Edmon- 
ton, Dunvegan,  and  Pine  Pass  Railway  Company. 

Mr.  Drury  then  went  to  South  America  as  Chief  Engineer  and 
Manager  of  Construction  of  the  Chili  Longitudinal  Railway,  Chili, 
from  1911  to  1913.  It  was  while  conducting  this  work,  through  the 
arid  nitrate -district  of  Chili,  that  his  health  became  impaired.  Return- 
ing to  Canada,  in  the  autumn  of  1913,  he  entered  into  a  general  con- 
sulting engineering  partnership  (in  the  firm  of  Walsh  and  Drury, 
Consulting  Engineers),  with  an  office  at  Ottawa,  Ont. 

From  the  latter  part  of  1914  to  the  time  of  his  sudden  death  on 
January  31st,  1917,  Major  Drury  had  served  as  Acting  Assistant 
Director  General  of  Engineer  Services,  for  the  Department  of  Militia 
and  Defence,  at  Ottawa. 

Major  Drury  stood  in  the  forefront  of  the  profession  as  a  Railway 
Engineer.  He  was  a  man  of  high  character  and  unswerving  integrity, 
and  neither  in  private  nor  public  affairs  would  he  deviate  from  the  con- 
scientious discharge  of  life's  duties.  Kindly  and  courteous  to  a  degree, 
he  will  be  greatly  missed  by  those  of  his  confreres  and  others  who  were 
intimate  with  him. 

Major  Drury  was  a  Member  of  the  Canadian  Society  of  Civil  Engi- 
neers, and  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  4th,  1905. 
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Practice."    J.  F.  Partridge Apr.,       " 
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